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O f f i c i a l  N F P A  Def in i t i ons  

SHALL is i n t e n d e d  to  i n d i c a t e  r e q u i r e m e n t s .  

SHOULD is i n t e n d e d  to  i n d i c a t e  r e c o m m e n d a t i o n s  o r  t h a t  w h i c h  is  adv i s ed  
b u t  n o t  r equ i red .  

A2PROVED* m e a n s  a c c e p t a b l e  to  t he  a u t h o r i t y  h a v i n g  ju r i sd ic t ion .  I n  de te r -  
m i n i n g  the  a c c e p t a b i l i t y  of i n s t a l l a t i o n s  or  p rocedu re s ,  e q u i p m e n t  or  m a t e r i a l s ,  
t he  a u t h o r i t y  h a v i n g  j u r i sd i c t i on  m a y  base  a c c e p t a n c e  o n  c o m p l i a n c e  w i th  N F P A  
or o t h e r  a p p r o p r i a t e  s t a n d a r d s .  I n  t he  a b s e n c e  of s u c h  s t a n d a r d s ,  sa id  a u t h o r i t y  
m a y  requi re  ev idence  of p r o p e r  i n s t a l l a t i on ,  p r o c e d u r e  or  use.  T h e  a u t h o r i t y  h a v i n g  
ju r i sd ic t ion  m a y  also re fer  to  t h e  l i s t ings  or  l abe l ing  p r a c t i c e s  of n a t i o n a l l y  r ecog -  
nized t e s t ing  l abo ra to r i e s ,  i n spec t i on  agenc ies ,  or  o t h e r  o r g a n i z a t i o n s  c o n c e r n e d  
wi th  p r o d u c t  e v a l u a t i o n s  w h i c h  a re  in  a pos i t ion  to  d e t e r m i n e  c o m p l i a n c e  w i t h  a p -  
p r o p r i a t e  s t a n d a r d s  for  t he  c u r r e n t  p r o d u c t i o n  of l i s ted  i t ems ,  a n d  t h e  s a t i s f a c t o r y  
p e r f o r m a n c e  of such  e q u i p m e n t  or  m a t e r i a l s  in  a c t u a l  usage .  

* The National Fire Protection Association does not approve, inspect or cer t i fyany instal- 
lations, procedures, equipment or materials nor does it approve or evaluate testing laboratories. 

LISTED: Equipment or materials included in a list published by a nationally 
recognized testing laboratory, inspection agency, or other organization concerned 
with product evaluation that maintains periodic inspection of production of listed 
equipment or materials, and whose listing states either that the equipment or 
material meets nationally recognized standards or has been tested and found suitable 
for use in a specified manner. 

LABELED: Equipment or materials to which has been attached a label, symbol 
or other identifying mark of a nationally recognized testing laboratory, inspection 
agency, or other organization concerned with product evaluation that maintains 
periodic inspection of production of labeled equipment or materials, and by whose 
labeling is indicated compliance with nationally recognized standards or tests to 
determine suitable usage in a specified manner. 

AUTHORITY HAVING JURISDICTION: T h e  o r g a n i z a t i o n ,  office o r  i n d i v i d u a l  re-  
spons ib le  for  " a p p r o v i n g "  e q u i p m e n t ,  a n  i n s t a l l a t i on ,  or  a p rocedure .  

S t a t e m e n t  o n  N F P A  Procedures  
This material hay been developed in the interest of safety to life and property under  the 

published procedures of the National Fire Protection Association. These procedures are de- 
signed to assure the appointment  of technically competent Committees having balanced 
representation from those vitally interested and active in the areas with which the Committees 
are concerned. While these procedures assure the highest degree of care, neither the National 
Fire Protection Association, its members, nor those participating in its activities accepts any 
liability resulting from compliance or noncompliance with the provisions given herein, for any 
restrictions imposed on materials or processes, or for the completeness of the text. 

NFPA has no power or authori ty  to police or enforce compliance with the contents of this 
document and any  certification of products stating compliance with requirements of this docu- 
ment  is made a t  the peril of the certifier. 

C o p y r i g h t  and  R e p u b l i s h i n g  R i g h t s  
T h i s  p u b l i c a t i o n  is c o p y r i g h t e d  © b y  the  N a t i o n a l  F i r e  P r o t e c t i o n  Asso-  

c ia t ion .  P e r m i s s i o n  is  g r a n t e d  to  r e p u b l i s h  in  full t he  m a t e r i a l  he r e in  in  laws,  
o r d i n a n c e s ,  r egu l a t i ons ,  a d m i n i s t r a t i v e  o r d e r s  o r  s imi l a r  d o c u m e n t s  i s sued  b y  
pub l i c  au tho r i t i e s .  All o t h e r s  des i r ing  pe rmis s ion  to  r e p r o d u c e  t h i s  m a t e r i a l  in  
who le  or  in  p a r t  sha l l  c o n s u l t  t h e  N a t i o n a l  F i re  P r o t e c t i o n  Assoc i a t i on .  
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Standard for the Installation of 

Centrifugal Fire Pumps 

NFPA No. 2 0 ~  1974 

1974 Edition of No. 20 

This 1974 edition of the Standard for the Installation of Centrifugal Fire 
Pumps incorporates amendments prepared by the Committee on Fire Pumps 
and adopted by the National Fire Protection Association at the 1974 Annual 
Meeting. I t  supersedes the 1972 edition. 

Origin and Development of No. 20 

The first National Fire Protection Association standard for automatic sprin- 
klers was published in 1896 and contained paragraphs on steam and rotary fire 
pumps. 

The Committee on Fire Pumps was organized in 1899 with five members 
from underwriter associations. Today the committee membership includes 
representatives of Underwriters'  Laboratories of both the United States and 
Canada, Insurance Service Offices, Factory Mutuals, Factory Insurance As- 
sociation, national trade associations, federal and state government, engineer- 
ing ¢~rganizations, and private individuals; 

Early fire pumps were only secondary supplies for sprinklers, standpipes and 
hydrants, and were started manually. Today fire pumps have greatly increased 
in number  and in applications; many are the major or only water supply, and 
almost all are started automatically. Early pumps usually took suction by lift 
from standing or flowing water supplies because the famed National Standard 
Steam Fire Pump and rotary types suited that  service. Ascendancy of the centri- 
fugal pump resulted in positive head supply to horizontal shaft pumps from 
public water supplies andaboveground  tanks. Later vertical shaft turbine-type 
~umps were lowered into wells or into wet pits supplied from ponds or other 

elowground sources of water. 

Gasoline engine driven pumps first appeared in this standard in 1913. From 
an early status of relative unreliability and of supplementary use only, first 
spark ignited gasoline engines and then compression 'ignition diesels have 
steadily developed engine driven pumps to a place alongside electric driven 
units for total reliability. 

Fire protection now calls for larger pumps, higher pressures, and more varied 
units for a wide range of systems protecting bo th  life and property. Hydraulically 
calcu/ated and designed sprinkler and speciai fire protection systems have 
changed concepts of water supply completely. 

Since the formation of this Committee each edition of NFPA No. 20 has 
incorporated appropriate provisions to cover new developments and has omitted 
obsolete provisions. NFPA action on successive editions has been taken in the 
following years: 1907, 1910-13, 1915, 1918-21, 1923-29, 1931-33, 1937, 1939, 
1943, 1944, 1946-48, 1951, 1953, 1955, 1957, 1959-72, 1974. 



~ 0 - 2  C E N T R I F U G A L  F I R E  P U M P S  

Committee on Fire Pumps 

Char les  B. Mil ler ,  Chairman, 
4288 Stratford Road, Youngstown, Ohio 44512 

(rep. National Automatic Sprinkler & Fire Control Association) 

Norman  E. Ga t sch ,  Jr . ,  Secretary, 
Insurance Services Office of Ohio, P.O. Box 1290, Columbus, Ohio 43216 

J o h n  R. Anderson,  Insurance Services 
Office - -  New England Region 

T. J.  Brown, Factory Mutual Research Corp. 
S. P. Crosby, Engineer 
Wal t e r  A. Damon,  Sehirmer Engineering 

Corp. 
S. K. Goodwin,  Factory Insurance Assn. 
Donald D. Henderer ,  Engine Manufacturers 

Assn. 
George W. H o m e r ,  National Electrical 

Manufacturers Assn. 
Donald L. Johnson ,  Kemper Insurance 

R a y m o n d  Koss, Port Authority of New 
York and New Jersey 

R. E. K u m m e r ,  Hydraulic Institute 
J a m e s  W. Nolan,  James W. Nolan Co. 
Mar ion  J.  Shaler ,  Worthington Pump In- 

ternational 
Wi l l i am  L. Ste l ter ,  Master Control Sys- 

tents Inc. 
Klaus  Wahle,  Underwriters' Laboratories, 

Inc. 
R. J. Wil l iams ,  Peerless-Midwest Inc. 
R. J.  Wr igh t ,  Underwriters' Laboratories 

of Canada 

Alternates.  

M. E. Cox, Undez~ritem' Laboratories Inc. R . A .  McMaster,  I-T-E Imperial Corp. 
(Alternate to Klaus Wahle) (Alternate to George W. Homer) 

R. N. Eck,  Cutler Hammer, Inc. (Alternate Wi l l i am  F. Schach t ,  Factory Insurance 
to George W. Homer) Assn. (Alternate to S. K. Goodwin) 

Wi l l i am  L. Testa ,  Grinnell Fire Protection 
R. D. Elder,  Aurora Pump, Unit of General Systems Company, Inc. (Alternate to 

Signal Corp. (Alternate to R. E. Kummer) Charles B. Miller) 

Thia list rsprebonts the msmbsrship at the time the Committee was balloted on the ts.zt of this eziiton. 
Bince that time, changes in the membership may hays occurred. 

NOTE [ 
Reference herein to the 1974 National Electrical Code, NFPA No. 70, is to that  code 
adopted by the National Fire Protection Association on May 22, 1974 at  its Annual 
Meeting. This code is also known as the 1975 Natioua] Electrical Code. 

I n t e r p r e t a t i o n  P r o c e d u r e  o f  t h e  C o m m i t t e e  

Fire Pumps  

Those dcsiring an interpretation shall s u p p l y  the Chairman with five identical 
copics of a statcmcnt in which shall appcar spccific rcfcrcncc to a single problcm, 
paragraph, or section. Such a statcmcnt shall bc on the business stationery 
of the inquirer and shall be duly signed. 

When applications involve actual field situations they shall so state and 
all partics involved shall bc namcdl 

The Intcrprctations Committee will reserve the prerogative to refuse con- 
sidcration of any application that refers spcdfically to proprictary itcrns of 
equipment or devices. Generally inquiries should bc confincd to intcrprctation 
tion of the literal text or the intent thereof. 

Rcqucsts for interpretations should be addrcsscd to thc National Fire Pro- 
tcction Association, 470 Atlantic Avenue, Boston, MA 02210. 
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Standard  for  the Ins ta l la t ion  of  

Centrifugal Fire Pumps 

NFPA No. 2 0 - -  1974 

NOTICE: An asterisk (*) preceding the number designating a section, sub- 
section, or sub-subsection is a reference to recommended practices and ex- 
planatory material in Appendix A. Sections, subsections, and sub-subsections in 
Appendix A bear the same number as in the standard but are preceded by the 
letter A (as A-1-1 ). 

Chapter I In t roduc t ion  

1-1 Scope This s tandarddeals  with the selection and installa- 
tion of pumps supplying water for private fire protection, including 
water supplies, suction, discharge and auxiliary equipment;  power 
supplies, electric drive and control; internal combustion engine drive 
and control; steam turbine drive and control; acceptance tests, op- 
eration and maintenance. 

1-2 Purpose  This standard contains, in general, the minimum 
requirements for centrifugal fire pumps, including single stage and 
multistage pumps of horizontal or vertical shaft design and the 
design, installation and maintenance of these pumps, pump drivers 
and associated equipment. 

1-3 Othe r  P u m p s  Pumps other than those specified in this 
standard; and having different design features, may be installed 
when such pumps are listed by a nationally recognized testing labo- 
ratory. They shall be limited to capacities 'of less than 500 gpm 
(1892 lpm). 

1-4 Approval Required 
1-4.1 Centrifugal fire pumps shall not be purchased until 

conditions under which they are to be installed and used have been 
determined. Each pump, driver, controlling equipment,  power 
supply and arrangement,  and water supply shall be approved for 
the specific field conditions encountered. 

1-4.2 The pump manufacturer  shall be given complete infor- 
mation concerning the water and power supply characteristics. 
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1-5 Unit Purchase 

1-5.1 The pump, driver, and controller shall be purchased 
under unit contract stipulating compliance with this standard and 
satisfactory performance of the entire unit when installed. 

1-5.2 The pump manufacturer  shall be responsible for the 
proper operation of the complete unit assembly, as indicated by 
field tests. (See 12-1.) 

1-6 Complete Plans and Data 

1-6.1 Prior to shipment of new equipment or alteration of 
existing equipment,  a complete plafi and detailed data describing 
pump, driver, controller, power supply, fittings, suction and dis- 
charge connections, and water supply conditions shall  be prepared 
by the engineer or contractor for,approval.  

1-6.2 Certified shop test characteri~stic curves showing head- 
capacity,, efficiency, and brake horsepower shall be furnished by the 
pump manufacturer.  

1-7 Exist ing Instal lat ions Where existing pump installations 
meet the provisions of the standard in effect at the time of purchase, 
they may be continued in use provided they do not constitute a dis- 
tinct hazard to life or adjoining property. 

1-8 Definitions 

1-8.1 Controllers 

1-8.1.1 Control ler  means the cabinet, motor starter, cir- 
cuit breaker and disconnect switch, and other control devices for 
the control of electric motors and internal combustion engine driven 
pumps. 

1-8.1.2 Isolating Switch means a switch intended for iso- 
lating an electric circuit from its source of power. I t  has no inter- 
rupting rating and is intended to be operated only after the circuit 
has been opened by some other means. 

1-8.1.3 'Disconnecting Means means a device, group of 
devices, or other means (such as a circuit breaker or disconnecting 
switches) whereby the conductors of a circuit can be disconnected 
from their source of supply. 

1-8.2 Electric Motors are classified according to mechani- 
cal protection and meth6ds of cooling, by NEMA Standard MG1 
Part 1. (See Ref. Pg. 6, P. ,~d.) 
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1-8.2.1 O p e n  Dr ip  Proof  means a general-purpose motor 
to meet the needs of most installations where operating conditions 
are relatively clean and dry. 

1-8.2.2 Splash Proof means a motor to provide protection 
where plants must be washed down. I t  keeps out all falling or 
splashing liquids - -  rain, snow, sleet, etc. 

1-8.2.3 Tota l ly  Enclosed Fan Cooled means a motor to 
protect against dusts, mist, oil, fog. Inner  frame protects vital parts 
of the motor, seals out harmful matter. 

1-8.2.4 Wound Rotor Open Construction means a motor 
ideal for applications requiring low starting current with high start- 
ing torque, reversing or adjusting speed. 

1-8.2.5 Wound Rotor Splash Proof means a motor having 
' the  same electrical characteristics a~ immediately above, and in 
addition giving adequate protection against falling and splashing 
liquids. 

1-8.3 Electric Supply 

1-8.3.1 Fire Pump Branch Circuit means that port~on 
of the wiring system between the final overcurrent device protecting 
the circuit and the outlets. 

. : 

1-8.3.2 Feeder  means the circuit conductors between the 
service equipment,  or the generator switchboard of an isolated 
plant, and the branch-circuit overcurrent device. 

1-8.3.3 Service means the conductors and equipment for 
delivering energy from the electricity supply system to the wiring 
system of the premises served. 

1-8.3.4 Service Equipment means the necessary equip- 
ment, usually consisting of a circuit breaker or switch and fuses, and 
their accessories, located near the point of entrance of supply con- 
ductors to a building or other structure, or an otherwise defined area, 
and intended to constitute the main control and means of cutoff of 
the supply. 

1-8.4 Engines 

1-8.4.1 Internal Combustion Engine means any engine 
in which the working medium consists of the products of combustion 
of the air and fuel supplied. This combustion is usually effected 
within the working cylinder but may take place in an external 
chamber.  
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1-8.4.2 Diesel Engine  means an internal combustion 
.engine in which the fuel is ignited entirely by the heat resulting from 
the compression of the air supplied for combustion. O•diesel 
engines, which operate on fuel oil injected after compression is 
practically completed, are the type usually used as fire-pump drivers. 

1-8.4.3 Spark Ignited Engine  means an internal com- 
bustion engine in which the fuel-air mixture is ignited by an electric 
discharge from a spark plug. 

1-8.5 Head and Velocity 

1-8.5.1 Total Head means for a horizontal split-case fire 
pump the algebraic difference between the total discharge head and 
the total suction head. Total head, as determined on a test when 
suction lift exists, is the sum of the total discharge head and total 
suction lift; and when positive suction head exists, the total head 
is the total discharge head minus the total suction head. 

1-8.5.2 Total Head for a vertical shaft turbine-type pump 
is the distance from the water level in the well or the wet pit, when 
pumping, to the center of the discharge gage (measured in feet and 
converted to pounds per square inch, or in meters and converted to 
bars) plus the discharge pressure gage reading measured just beyond 
the discharge elbow of the pump plus the velocity head at the dis- 
charge. 

1-8.5.3 Total Rated Head means for either a horizontal 
split-case or a vertical shaft turbine-type pump the total head, de- 
fined above, developed at rated capacity of the pump. 

1-8.5.4. Velocity H e a d  means the energy that the pump 
delivers to the liquid being pumped in achieving a certain rate of 
flow of the liquid (V*/2g). For a given pumping condition, it is 
computed by measuring the flow and then choosing the value of 
velocity head from a curve or table according to the size of the inlet 
and outlet piping. For a horizontal shaft pump the difference be- 
tween the velocity head at the inlet and the velocity head at the out- 
let is added to the discharge gage reading to find the total discharge 
head of the pump. For a vertical shaft pump the velocity head is 
computed for the discharge piping only and added to the discharge 
gage reading to find the total discharge head of the pump. 

1-8.5.5 Net Positive Suction Head (NPSH) means the 
total suction head in feet (meters) of liquid absolute determined at 
the suction flange and referred to datum, less the vapor pressure of 
the liquid in feet (meters) absolute. 
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1-8.6 Pumps 

1-8.6.1 : Fi re  Pump Unit means an assembled unit con- 
sisting o f a  fire pump, driver, controller, and accessories. 

1-8.6.2 Hor izon ta l  Spli t-Case P u m p  means a Centrifugal 
pump  characterized by a housing which is split parallel to the shaft. 

1-8.6.3 Vert ical  Shaft Turbine Pump means a centri- 
fugal pump with one or more impellers discharging into one or more 
bowls and a vertical eductor or colunm pipe used to connect the 
bowls to the discharge head on which is mounted the pump driver. 

1-8.6.4 Posi t ive Suction Fire  P u m p  means one designed 
to operate always with a positive pressure at the pump inlet flange. 

1-8.6.5 '  Nega t ive  Suction Fire  P u m p  means one de- 
signed to operate with a negative or a positive pressure at the pump  
inlet flange. 

1-8.6.6 Maximum Pump Load  means the max imum 
brake horsepower required to drive the pump. The  pump manu-  
facturer determines this by shop test under expected suction and dis- 
charge conditions. Actual field conditions may vary from shop 
conditions. 

1-8.7 Suction 

1-8.7.1' Suction H e a d  means a pressure at the pump  inlet 
flange which is above atmospheric pressure. 

i-8.7.2 Suction Lif t  means a pressure at the pump  inlet 
flange which is below atmospheric pressure. 

1-8.7.3 Operating Suction Lift  means the vertical dis- 
tance in feet between the pump center line and the pumping water 
level plus the velocity head and friction loss in the suction pipe and 
fittings. 

1-8.7.4 Flooded Suction means water flowing 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. 

1-8.8 Water Supply for Vert ica l  Shaft  T u r b i n e - t y p e  
Pump. 

1-8.8.1 Aquifer  means an underground formation that  
contains sufficient saturated permeable material to yield significant 
quantities of water. 
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1-8.8.2 Aqui fe r  Pe r fo rmance  Analysis means a test de- 
signed to determine how much underground water is available in 
a given field and  proper well spacing to avoid interference in the 
field. Basic determinations of the test are transmissibility and 
storage coefficient (available volume of water) of the aquifer. 

1-8.8.3 Wet Pi t  means a timber, concrete or masonry en- 
closure having a screened inlet kept partially filled with water  by an 
open body of water such as a pond, lake, or stream. 

1-8.8.4 Ground Water means that water  which is avail-, 
able from a well driven into water-bearing subsurface strata 
(aquifer). 

1-8.8.5 Static Water Level means the level, with respect 
to the pump, of the body of water from which the pump  is taking 
suction, when the pump is not in operation. For vertical shaft 
turbine-type pumps the distance to the water level is measured 
vertically from the horizontal  center line of the discharge head 
or tee. 

1-8.8.6 Pumping Water Level is the level, with respect 
to the pump,  of the body of water from which the pump is taking 
suction, when the pump is in operation. Measurements are made 
the same as in 1-8.8.5. 

1-8.8.7 Draw-Down  is the vertical difference between the 
pumping water  level and the static water  level. 

1-9 Met r ica t lon  Metr ic  units of measurement  in this standard 
are in accordance with the modernized metric" system known as the 
International System of Units (SI). They include base Units, de- 
rived units, and two units (liter and bar) which are outside of but 
recognized by SI and commonly used in international fire protec- 
tion. These units a re  listed in Table  1-9, with conversion factors 
from U. S. customary units to metric, and  also with comparison to 
units used in some related fields. 
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T a b l e  1-9 

M e t r i c  U n i t s  o f  M e a s u r e m e n t  

Name  Uni t  Convers ion  Factors  - -  
Quan t i t y  of  Uni t  Symbol  U.S. C u s t o m a r y  to Metr ic  

length meter  m 
decimeter dm 
centimeter cm 
millimeter m m  

volume liter 1 
cu. meter m s 

cu. decimeter dms  

pressure bar  bar  
pascal P 

mass kilogram kg 

temperature  deg. Celsius °C 
kelvin K 
Ccatigrade °C 

1 ft = 0.3048 m 
1 ft = 3.048 d m  
1 ft = 30.48 cm 
1 in. = 25.4 n u n  

l"gal = 3.785 1 
1 m a = 264 gals. 

1 1 ---- 1.0 d m  s 

1 m i  = 0.0685 bar  
1 b a r  ~ 100,000 Pa 

1 lb = 0.4536 kg 

°C = °F - - 3 2 x 5 / 9  
K = C  

°Celsius ~ °Centigrade 
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Chapter 2 - -  General 

2-1 Water Supplies 

"2-1.1 The adequacy and dependability of the source of 
water are of primary importance and shall be fully determined prior 
to the time of purchase of pumping equipment, with due allowance 
for its reliability in the future. 

2-1.2 The min imum 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. 

"2-1.3 A stored supply shall be sufficient to meet the demand 
placed upon it for the expected duration, and a reliable method of 
replenishing the supply shall be provided. 

2-2 Listed Pumps Centrifugal fire pumps shall be listed for 
fire protection service. 

2-3 Rated Pump Capacities 

2-3.1 Fire pumps have the following rated capacities in gallons 
per minute and liters per minute, or larger and are rated at net 
pressures of 40 pounds per square inch (2.7 bars) or more. 

GPM LPM GPM LPM GPM LPM 

150 568 1,250 4,731 3,500 13,247 
250 946 1,500 5,677 4,000 15,140 
500 1,892 2,000 7,570 4,500 17,032 
750 2,839 2,500 9,462 

1,000 3,785 3,000 11,355 

2-3.2 Special fire service pumps have rated capacities of 150, 
200, 300 or 450 gallons per minute (568, 757, 1,135 or 1,703 liters per 
minute) limited to 130 percent capacity maximum, and are rated 
at various pressures. The maximum power required shall not 
exceed the limitations o f  a 30 horsepower (22.4 KW) electric motor. 

*2-4 Pressure Maintenance (Jockey or Make-up) Pumps 

2-4.1 Pressure maintenance pumps shall have rated capacities 
not less than any normal leakage rate. They shall have discharge 
pressure sufficient to maintain the desired fire protection system 
pressure. 
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2-4.2 A check valve shall be installed in the discharge pipe. 

*2-4.3 Indicating gate valves shall be installed in such places 
as needed to make the pump, check valve, and other miscellaneous 
fittings accessible for repair. (See Fig. A-2-,1.2.) 

2-4.4 Where a centrifugal type pressure maintenance pump 
has a shutoff pressure exceeding the working pressure rating of the 
fire protection equipment, or where a turbine vane (peripheral) or a 
positive displacement (reciprocating or rotary) type of pump is 
used, a suitable relief valve shall be installed on the pump discharge 
to prevent damage to the fire protection system. 

*2-4.5 A fire pump shall not be used as a pressure mainten- 
ance pump. 

2-5 Name Plate.  Pumps shall be provided with a name plate. 

2-J6 Pressure Gages 

2-6.1 A pressure gage having a dial not less than 3~/~ inches 
(89 ram) in diameter shall be connected near the discharge casting 
with a 1~ inch (6 mm) gage valve. The dial shall indicate pressure 
to at least twice the rated working pressure of the pump but not less 
than 200 psi (13.6 bars). The face of the dial shall read in pounds 
per square inch or bars or both with the manufacturer's standard 
graduations. 

2-6.2 A compound pressure and vacuum gage having a dial 
not less than 31/~ inches (89 ram) in diameter shall be connected to 
the suction pipe near the pump with a 1~ inch (6 ram) gage valve. 

Exception: This rule shall not apply to vertical shaft turbine-type pumps. 

The face of the dial shall read in inches (mm) of mercury (Hg) or 
pounds per square inch (Psi) (bars) for the suction range and have a 
pressure range of at least twice the rated working pressure of the 
pump but not less than 200 psi (13.6 bars). 

2-7 Circulat ion Rel ief  Valve Pumps shall be provided with 
an automatic relief valve set slightly below the shutoff pressure and 
arranged to permit circulation of sufficient water to prevent the 
~/ump from overheating when operating with no discharge. A 

inch (19 ram) automatic relief valve shall be used for pumps with 
a rated capacity not to exceed 2,500 gpm (9,462 lpm); a 1 inch 
(25 mm) automatic relief valve shall be used for pumps with a rated 
capacity of 3,000 to 4,500 gpm (11,355 to 17,032 lpm). Provision 
shall be made for a discharge to a drain. 
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Exception: This rule shall not apply to engine driven pumps/or which 
engine cooling water is taken from the pump discharge. 

2-8 Equipment Protection 

"2-8.1 The fire pump, driver, and controller shall be pro- 
tected against possible interruption of service through damage 
caused by explosion, fire, flood, earthquake, rodents, insects, 
windstorm, freezing, vandalism, and other adverse conditions. 

*2-8.2 Suitable means shall be provided for maintaining the 
temperature of a pump roomor pump house, where required, above 
40°F (5°C). 

Exception: See 8-6.5 for high~, temperature requirements/or internal com- 
bustion engines. 

2-8.3 Artificial light shall be provided in a pump room or 
pump house. 

2-8.4 Emergency lighting shall be provided by fixed or porta- 
ble battery operated lights, including flashlights. Emergency lights 
shall not be connected to an engine starting battery. 

2-8.5 Provision shall be made for drainage and ventilation of 
a pump room or pump house. 

*2-8.6 Floors shall be pitched for'adequate drainage of 
escaping water or fuel away from critical equipment such as the 
pump, driver, controller, fuel tank, etc. 

2-9 Discharge Pipe and Fittings 

2-9.1 The discharge assembly shall consist of pipe, valves, 
and fittings extending from the pump discharge flange to the system 
side of the discharge gate valve. 

*2-9.2 The pressure rating of the discharge piping shall be 
adequate for the maxixnum working pressure but not less than the 
rating of the fire protection system. Steel pipe with flanges (flanges 
welded to the pipe are preferred) screwed, or mechanical grooved 
joints shall be used in the pump room or pump house. All pump 
discharge pipe shall be hydrostatically tested in accordance with 
NFPA No. 13 Sprinkler Systems --  1974 and NFPA No. 24 Outside Pro- 
tection --  1973. 

2-9.3 The size of pump discharge pipe' and fittings shall be 
not less than that given in Table 2-9.3. 
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Table  2-9 .3  

M i n i m u m  P u m p  Discharge  P ipe  S ize  

Pump Capacity Pipe Size Pump Capacity Pipe Size 
gpm lpm in. mm gpm lpm in. mm 

150 568 2 ~  63 1,250 4,731 8 203 
200 757 3 76 1,500 5,677 8 203 
250 946 3 76 2,000 7,570 10 254 
300 1,355 4 102 2,500 9,462 10 254 
450 1,703 5 127 3,000 11,355 12 305 
500 1,892 5 127 3,500 "13,247 12 ~ 305 
750 2,839 6 152 4,000 15,140 12 305 

1,000 3,785 6 ~ 152 4,500 17,032 14 356 

*2-9.4 A l is ted check valve shall  be instal led in the  p u m p  
discharge assembly. 

2-9 .5  A listed ind ica t ing  gate  valve shall  be instal led on the 
fire pro tec t ion  system side of the cheek valve  and  one on the inlet  
side of the p u m p  to make  the check valve and  p u m p  accessible for 
repair .  ~ 

2-9.6 Re l i e f  Va lve  

2-9.6 .1  Pumps  connec ted  to ad jus tab le -speed  dr ivers  shall  
be equ ipped  wi th  a l isted rel ief  valve.  Where  pumps  are d r iven  by 
constant -speed motors  and  the p u m p  shutoff  pressure plus the stat ic 
suction pressure exceeds the pressure for which  the system compo-  
nents  are  ra ted ,  rel ief  valves are  requi red .  

Exception: Pumps supplying only standpipe systems do not generally require 
relief valves. 

2-9.6.2 T h e  relief  valve shall be set to p reven t  pressure on 
the fire pro tec t ion  system in excess of tha t  pressure which  the system 
is capab le  of wi ths tanding .  

2 -9 .6 .3  The  rel ief  valve size shall  not  be less than  tha t  given 
in T a b l e  2-9.6.3. Refer also to 2-9.6.9 and A-2-9.6.9/or condition's 
affecting size. 
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T a b l e  2 - 9 . 6 . 3  

M i n i m u m  S i z e  o f  R e l i e f  V a l v e  a n d  R e l i e f  V a l v e  D i s c h a r g e  

Relief Valve 
Pump CapacitYlp m Relief Valve D'.~charge Pipe 

gpm -' in. mm m. nun 

Up to 250 568 --  946 2 51 2 ~  63 
300 1,355 2~  63 3 ~  89 

4 5 0 -  500 1 , 7 0 3 -  1,892 3 76 5 127 
750 2,839 4 102 6 152 

1,000 3,785 4 102 8 203 
1,250 -- 1,500 ,4,731 -- 5,677 6 152 8 203 
2,000 -- 2,500 7,570 -- 9,462 6 152 10 254 
3,000 -- 3,500 11,355 -- 13,247 8 203 12 305 
4,000 -- 4,500 15,140 -- 17,032 8 203 14 356 

See 2-9.6.9 and A-2-9.6,9 for conditions affecting these sizes| 

2-9.6 .4  The  relief valve shall be located between the p u m p  
and the p u m p  discharge check valve. 

2-9.6.5 The  relief valve shall be so at tached that  it can be 
readily removed for repairs wi thout  disturbing the piping. 

*2-9.6.6 The  relief valve shall discharge into an open pipe 
or into a cone or  funnel secured to the outlet of the valve. Wate r  
discharge from the relief valve shall be readily visible or  easily detec- 
table by the p u m p  operator.  Splashing of water  into the p u m p  
room shall be avoided. I f  a closed-type cone is used, it shall be 
provided with means for detecting motion of water  through the cone. 

2-9.6.7 The  relief valve shall not  be piped to the p u m p  
suction or  supply connection.  

Exception: I f  no other adequate or acceptable means of water disposal is 
available, this arrangement shall be acceptable. 

2-9.6.8 The  relief valve discharge pipe f rom an open cone 
shall be of a size not  less than that  given in Table  2-9.6.3. I f  the 
pipe employs more than one elbow, the next larger pipe size shall be 
used. 

*2-9.6.9 W h e n  the relief valve must  be piped back to the 
source of supply, the relief valve and piping shall have sufficient 
capaci ty  to prevent  pressure from exceeding that  for which system 
components  a.re rated. 

2-9.6.10 When  the supply of water  to the pump. i s  taken 
from a suction reservoir of limited capacity,  the drain  ptpe shall 
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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. If this 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. 

*2-9.7 Protection of Piping Against Damage Due to Move- 
ment 

"2-9.7.1 A clearance of not less than one inch (25.4 mm) shall 
be provided around pipes which pass through walls or floors. 

2-10 Water Measuring Devices 

2-10.1 A water measuring device shall be provided to test the 
pump. 

2-10.2 Meters 

' "2-10.2.1 Metering devices or fixed nozzles for pump test- 
hag shall be listed. They shall be capable of water flow of not less 
than 175 percent of pump rated capacity. 

2-10.2.2 All of the meter system piping shall be sized not 
less than the meter size. 

"2-10.2.3 The minimum size meter for a given pump ca- 
pacity may be used where the meter system piping does not exceed 
100 feet (30 m) equivalent length. Where meter system piping 
exceeds 100 feet (30 In) (length of straight pipe plus equivalent 
length in fittings, elevation, and loss through meter) the next 
larger size of meter and piping for the pump capacity shall be used. 

2-10.3 Hose Valves 

"2-10.3.1 Hose valves for pump testing shall be listed. They 
shall be 21~ inches (63 mm) size. The number of hose valves shall 
be as specified in Table 2-10.3.1. 

Exception: When the pipe between the detachable hose header and connec- 
tion to the pump discharge pipe is over 15feet (4.5 m) in length, the next 
larger pipe size shall be used. 

2-10.3.2 Hose valves shall be threaded to conform to the 
American Standard as specified in the Standard for Screw Threads and 
Gaskets for Fire Hose Couplings, NFPA No. 194, 1968. If local fire hose 
threads are not American Standard, an adapter coupling to the 
local standard shall be provided for each outlet and securely attached 
to it. 
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Table  2-10.5.1 

Requ ired  N u m b e r  of  Hose Valves  and Size  of  Hose  Va lve  
Supply  Pipe  

Supp!y 
Capacity of Pump Number of Pipe Stze 

gpm l p m  Hose Valves in. mm 

150-- 450 568-- 1,703 1 2~ 63 
500 1,892 2 4 102 
750 2,839 3 6 152 

1,000 3,785 4 6 152 
1,250 - -  2,000 4,731 - -  7,570 6 8 203 

2,500 9,462 8 8 203 
3,000 - -  3,500 11,355 - -  13,247 12 12 305 
4,000 - -  4,500 15,140 - -  17,032 16 16 406 

2-10.3.3 Where the hose valve header is located outside, or 
at a distance from the pump, and there is danger of freezing, a listed 
indicating gate valve and drain valve or ball drip shall be located in 
the pipe line to the hose header. The valve shall be at a point in the 
line close to the pump. 

(See Fig. A-3-4. 7) 

2-11 P o w e r  Supply  Careful consideration shall be given in 
each case to the dependability of the power, supply. This shall 
include the possible effect of fire on transmission lines either in the 
property or in adjoining buildings which might threaten the prop- 
erty. 

2-12 Shop Tests 

2-12.1 Each individual pump shall be tested at the fac- 
tory to provide detailed performance data and to demonstrate its 
compliance with specifications. 

2-12.2 Before shipment from the factory the pump manufac- 
turer shall test each pump hydrostatically for a period of not less 
than five minutes. The test pressure shall be not less than one and 
one-half times the maximum design working pressure of the pump, 
but in no case less than 250 psi (17 bars). Pump casings shall be 
essentially tight at the test pressure. During the test, no objection- 
able leakage shall occur at any joint. In the case of vertical turbine- 
type pumps, both the discharge casting and pump bowl assembly 
shall be tested. 
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2-12.3 All gear drives shall be tested by the manufacturer at 
a load equal to the maximum horsepower of the pump for which the 
gear is intended. The gear shall operate without objectionable 
noise, vibration or excessive heating during the test. 

"2-13 P u m p  Shaft Rotation Proper pump shaft rotation shall 
be determined and correctly specified in ordering fire pumps and 
equipment involving that rotation. 

"2-14 Alarms. Various sections of this standard specify alarms 
to call attention t6 improper conditions that may exist in the com- 
plete fire pump equipment. 
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Chapter 3 Horizontal Split-Case Pumps 

3-1 General 

3-1.1 Adaptabi l i ty .  The horizontal split-case centrifugal 
pump lends itself to simple operation and repair. Where a water 
supply is obtainable under a positive head, the pump is especially 
adaptable to fire service. 

3-1.2 Applicat ion Because the horizontal split-case centri- 
fugal pump requires priming when installed to operate under a 
suction lift, a vertical shaft turbine-type pump shall be used where 
suction lift is necessary. 

3-2 Factory and Field Performance 

"3-2.1 Characteristics Pumps shall furnish not less than 
150 percent of rated capacity at a total head not less than 65 percent 
of total rated head. The shutoff head for horizontal split-case 
pumps shall not exceed 120 percent of rated head. (See Fig. A-3-2. 7) 

3-2.2 Inlet Pressure The inlet pressure available from a 
suction water supply shall be figured on the basis of a flow of 150 
percent of the rated capacity of the pump. This pressure shall be as 
indicated by a flow test. 

3-3 Suction 

"3-3.1 Sources Any source of water that is adequate in 
quality and quantity may provide the inlet supply for fire pumps. 

3-3.2 Positive Head Horizontal split-case f ire  PUmps shall 
be provided with water under a positive head. 

3-3.3 Conditions Including allowance for velocity and 
friction loss through all suction pipe and fittings, operating suction 
conditions shall not exceed the equivalent of 15 feet (4.6 m) at sea 
level. The equivalent lift shall be reduced one foot for each 1,000 
feet (305 m) of altitude at the pump installation. 

3-3.4 Connections 

3-3.4.1 Piping Ma~terlals 
(a) Suction pipe shall have a pressure rating not less than 

that of the yard piping. I t  shall be installed in accordance with the 
Standard for Outside Protection, NFPA No. 24, 1973. 

*(b) When steel pipe having flanged or sccewed joints 
(flanged joints with flanges welded to the pipe are preferred) is used 
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aboveground in the pump room, it shall be galvanized or painted on 
the inside, prior to installation, with a paint recommended for sub- 
merged surfaces. Thick bituminous linings shall not be used. 

(9) Cement asbestos suction pipe shall be acceptable 
when the pump takes suction under a positive head at all times. 

3-3.4.2 Mul t ip le  Pumps Where a single suction pipe 
supplies more than one pump under head, the suction piping layout 
at the pumps shall be symmetrical so that each pump will receive its 
proportional supply. 

3-3.4.3 Suction Size The size of the suction pipe shall be 
such that with all pumps operating at 150 percent of rated capacity, 
the total equivalent operating suction lift will not exceed 15 feet 
(4.6.m). 

*3-3.4.4 P u m p  in Bypass When the suction supply is 
under sufficient pressure to be of material value without the pump, 
the pump shall be installed with a by-pass. (See Fig. A-3-3AA.) 

*3-3.4.5 Ins ta l la t ion  

(a) Suction pipes shall be carefully laid to avoid air leaks 
and air pockets, either of which may seriously affect the operation of 
the pump. 

(b) Suction pipes shall be installed below the frost line or 
in frost-proof casing. Special attention shall be given where piping 
enters streams, ponds, or reservoirs to prevent freezing either under- 
ground or under water. 

(c) Elbows with a centerline plane parallel to the pump 
shaft shall be avoided. 

(d) When the suction pipe and pump suction flange are 
not of the same size, they shall be connected with an eccentric ta- 
pered reducer in such a way as to avoid air pockets. 

(e) All pump suction pipes, except short lengths between 
suction tanks and pumps, shall be hydrostatically tested in accor- 
dance with tests for yard mains given in the Standard for Outside Pro- 
tection, NFPA No. 24, 7973, Section 9903. 

• (f) When the pump and its suction supply are on separate 
foundations with rigid interconnecting piping, the piping shall be 
provided with strain relief. (See Fig. A-3-4.L) 

*3-3.4.6 Control Valve A listed O.S. & Y. indicator-type 
gate valve shall be installed in the suction pipe. 

3-3.4.7 Suction Screening Where the suction supply 
comes under a positive head from an open source such as a pond or 
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wet pit, protection shall be provided against the passage of materials 
which might clog the pump. D o u b l e  removable intake screens 
shall be provided at the suction intake. These screens shall have 
below minimum water level an effective net area of openings of one 
square inch (645 m m  ~) for each gallon per minute (3.785 liter per 
minute) of 150 percent of rated pump capacity. Screens shall be so 
arranged that they can be cleaned or repaired without disturbing 
the suction pipe. A brass or copper wire screen of one-half inch 
(12.7 mm) mesh and No. 10 B. & S. gage wire shall be secured to a 
metal frame sliding vertically at the entrance to the intake. The  
over-all area of this particular screen is 1.6 times the net screen open- 
ing area. (See screen details in Fig. A-d-2.2.2 (a).) 

3-3.4.8 Devices in Suction Piping 
(a) No device which will restrict the starting, stopping or 

discharge of a fire pump or pump driver, shall be installed in the 
suction or discharge piping. 

(b) Suitable devices may be installed in the suction supply 
piping and arranged to activate an alarm if the pump suction pres- 
sure falls below a predetermined minimum. 

3-4 Fittings 

"3-4.1 Where necessary, the following fittings for the pump  
shall be provided by pump manufacturer  or his authorized repre- 
serltative. (See Fig. A-3-4.7.) 

(a) Automatic air release. 

(b) Circulation relief valve. 

(c) Eccentric tapered reducer at suction inlet. 

(d) Hose valve manifold with hose valves. 

(e) Flow measuring device. 

(f) Pressure gages. 

(g) Relief valve and discharge cone. 

(h) Splash shield between pump'  and motor. 

3-4.2 Automat ic  Air  Release Pumps which are automati-  
cally controlled shall be provided with a reliable float-operated air 
release or equivalent valve not less than one-half inch (13 mm) in 
size, to automatically release air from the pump. 

3-5 Foundation and Setting 

3-5.1 The pump  and driver ~hall be mounted on a common 
base plate and connected by a flexible coupling. 
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3-5.2 The base plate shall be securely attached to a solid 
foundation in such a way that proper pump and driver shaft align- 
ment  will be assured. 

*3-5.3 The foundation shall be sufficiently substantial to form 
a permanent  and rigid support for the base plate. 

3-5.4 The base plate, with pump and driver mounted on it, 
shall be set level on the foundation. 

*3-6 Al ignment  Pumps and drivers shall be aligned in accor- 
dance with Hydraulic Institute Standards for Centrifugal, Rotary and Reci- 
procating Pumps, Twelfth Edition, 7969, pages 93-96. 
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Chapter 4 Vertical Shaft Turbine-Type Pumps 

"4-1 General 

"4-1.1 Sui tabi l i ty  The deep-well, turbine-type pump is 
particularly suitable for fire pump service when the source of water  
is located below the surface of the ground and it would be difficult 
to install any other type of pump below the minimum water level. 
I t  is a vertical shaft centrifugal pump with rotating impellers sus- 
pended from the pump head by a column pipe which also serves as 
a support for the shaft and bearings. I t  was originally designed for 
installation in drilled wells, but may also be used to lift water from 
lakes, streams, open sumps, and other subsurface sources. Both 
oil-lubricated enclosed line shaft and water-lubricated open line 
shaft pumps are used. Some health departments object to the use 
of oil-lubricated pumps so such authorities should be consulted be- 
fore proceeding with oil-lubricated de:.ign. 

4-1.2 Maximum Depth Fire pumps shall not be installed 
in a well when the pumping water level exceeds 200 feet (61 m) from 
the surface of the ground when pumping at 150 percent of rated 
capacity. In  all applications the authority having jurisdiction shall 
be supplied with data on the draw-down characteristics of the well 
and the pump performance to determine the available discharge 
pressure at the discharge flange of the vertical pump.  (See Section 
7-8 for definitions:) 

4-1.3 P u m p  Drives  Electric motors shall be of the vertical 
hollow-shaft type. Diesel engine or steam turbine drivers shall have 
a vertical hollowshaft right angle gear mounted on the pump head. 

4-1.4 Characterist ics 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. The total shutoff head shall not exceed 140 
percent of total rated head on vertical turbine pumps. (See Fig. 
a -3-Z 7.) 

4-2 Water Supply 

4-2.1 Source 

"4-2.1.1 The water supply shall be adequate, dependable 
and acceptable to the authority havingjursidiction. 

"4-2.1.2 The acceptance of a well as a source of water 
supply shall be dependent upon satisfactory, development of the 
well and establishment of satisfactory aquifer characteristics. (See 
Section 1-8 for definitions.) 
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4-2.2 Pump Submergence 

"4-2.2.1 Well Installations Proper submergence of the 
pump bowls shall be  provided for reliability of operation of the fire- 
pump unit. Submergence of the second impeller from the bottom 
of the pump bowl assembly shall be not less than 10 feet (3 m) below 
the pumping water level at 150 percent of rated capacity. (See Fig. 
A-4-2.2.1.) The submergence shall be increased by one foot (3 dm) 
for each 1,000 feet (305 m) of elevation above sea level. 

*4-2.2.2 Wet Pit Installations Submergence of the sec- 
ond impeller from the bottom of the pump bowl assembly shall be 
such that it i s  below the lowest pumping water level in the open 
body of water supplying the pit., (See Fig. A4-2.2.2.(a).) The sub- 
mergence shall*be increased by one foot (3 dm) for each 1,000 feet 
(305 m) of elevation above sea level. 

4-2.3 Well Construction 

4-2.3.1 It shall be the responsibility of the gr6undwater 
supply contractor to perform the necessary groundwater investiga- 
tion to establish the reliability of the supply, develop a well to pro- 
duce the required supply, to perform all work and install all equip- 
ment in a thorough and workmanlike manner. 

4-2.3.2 T h e  vertical turbine-type pump is designed to 
operate in a vertical position with all parts in correct alignment. 
The well therefore shall be of ample diameter and sufficiently plumb 
to receive the pump. 

4-2:4 Unconsolidated Formations (Sands and Gravels) 

4-2.4.1 All casings shall be of steel of.such diameter and 
installed to such depths as the formation may justify, and in the 
contractor's opinion best meet the conditions. Both inner and outer 
casing shall have a minimum wall thickness of .375 inches (9.5 mm). 
Inner casing diameter shall be not less than two inches (51 mm) 
larger than the pump bowls. 

4-2.4.2 Outer  casing shall extend down to approximately 
the top of the water-bearing formation. The inner casing of lesser 
diameter and the well screen shall extend into the water-bearing 
formation as the water-bearing stratum may justify and, in the con- 
tractor's opinion, best meet the conditions. 

4-2.4.3 The well screen is a vital part of the well construc- 
tion and careful attention shall be given to its selection. It  shall be 
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the same diameter  as the inner casing and of. the proper length and 
percent open area to provide an entrance velocity not exceeding 
.15 foot (46 mm) per second. The screen shall be made of a corro- 
sion- and acid-resistant material, such as stainless steel, monel or 
fiberglass, except that  fiberglass or monel shall be used where it is 
anticipated that  the chloride content of the well water will exceed 
1,000 parts per million. The screen shall have aedquate strength 
to resist the external forces that will be applied after it is installed, 
and to minimize the likelihood of damage during the installation. 

4-2.4.4 The bottom of the well screen shall be sealed prop- 
erly with a plate of the same material  as the screen. The  sides of 
the outer casing shall be sealed by the introduction of neat cement 
placed under pressure from the bottom to the top. Cement  shall be 
allowed to set for a minimum of 48 hours before drilling operations 
are continued. 

4-2.4.5 The immediate area for not less than six inches 
(152 mm) surrounding the well screen shall be filled with clean and 
well-rounded gravel of such size and quality as will create a gravel 
filter to insure sand-free productiorl an d a low velocity of water leav- 
ing the formation and entering the well. 

*4-2.5 Consol idated Format ions  Where the drilling pene- 
trates unconsolidated formations above the rock, surface casing shall 
be installed, seated in solid rock and cemented in place. 

4-2.6 Deve lop ing  a Well  Developing a new well and 
cleaning it of sand or rock particles (not to exceed five parts per 
million) shall be the responsibility of the groundwater supply con- 
tractor and shall be performed with a test pump and not the new 
fire pump. 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. 

*4-2.7 Test and Inspection of Well A test to determine the 
water production of the well shall be made with an acceptable 
type of water measuring device such as an orifice, a venturi meter 
or a calibrated pitot tube, and shall be witnessed by a representa- 
tive of the customer, contractor and authority having jurisdic- 
tion, as required. The  test shall be continuous for a period of 
at least eight hours at 150 percent of the rated capacity of the fire 
pump, wi'th 15-minute interval readings over the period of the test. 
The test shall be evaluated in the light of the effect of other wells in 
the vicinity and any possible seasonal variation in the water  table at 
the well site. Test data  shall describe the static water level and the 
pumping water level at 100 and 150 percent of the rated capacity 
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of the fire pump for which the well is being prepared. All existing 
wells within a 1,000 foot (305 m) radius of the fire well shall be 
monitored throughout the test period. 

4-3 Pump 

4-3.1 He a d  The pump head shall be either the aboveground 
or belowground discharge type. I t  shall be designed to support the 
driver, pump column, and the oil tube tension nut or packing con- 
tainer. 

4-3.2 Column 

4-3.2.1 The pump column shall be furnished in sections 
not exceeding a nominal length of 10 feet (3 m), shall be not less than 
the weight specified in Table 4-3.2, and shall be connected by 
threaded sleeve type couplings or flanges. 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. All column flange faces shall be paral le l  and 
machined for rabbet fit to permit accurate alignment. 

4-3.2.2 When the static water level exceeds 50 feet (15 m) 
belowground, open line shaft water-lubricated pumps shall be auto- 
matically pre-lubricated. (See Fig. A-4-1.1.) 

4-3.2.3 When the pump is of the enclosed line shaft oil- 
lubricated type, the shaft enclosing tube shall be furnished in inter- 
changeable sections not over 10 feet (3 m) in length, of extra strong 
pipe. An automatic sight feed oiler shall be provided, on a suitable 
mounting bracket, with connection to the shaft tube for oil-lubrica- 
ted pumps. (See Fig. A-4-1.7.) 

4-3.3. Bowl Assembly 

4-3.3.1 T h e  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. 

4-3.3.2 Impellers shall be of the enclosed or semi-open type 
and shall be bronze or other suitable material in accordance with 
the chemical analysis of the water and experience in the area. 

4-3.4 Suction Strainer 

4-3.4.1 A cast or heavy fabricated type of nonferrous cone 
or basket type strainer shall be attached to the suction manifold of 
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the pump. The suction strainer shall have a free area of at least 
four times the area of the suction connections and the openings shall 
be sized to restrict the passage of a one-half inch (12.7 mm) sphere. 

4-3.4.2 For installations in a wet pit this suction s t r a i n e r  
shall be required in addition to the intake screen which is illustrated 
in Fig. A-4-2.2.2(a). 

4-3.5 Fittings 

4-3.5.1 The  following fittings shall be required for attach- 
ment to the pump: 

Automatic air release valve as specified in 4-3.5.2. 

Water level detector as specified in 4-3.5.3. 

Discharge pressure gage as specified in 2-6.1. 

Relief valve and discharge cone when required by 2-9.6. 7. 

Hose Valve Head and Hose Valves as specified in 2-10.3 
or metering devices as specified in 2-10.2. 

4-3.5.2 A 1 1/6 inch (38 mm) or larger automatic air release 
valve shall be provided to vent air from the column and the dis- 
charge head upon the starting of the pump, and also to admit  air to 
the column to dissipate the vacuum there, upon stopping of the 
pump.  "This valve shall be located at the highest point in the dis- 
charge line between the fire pump and the discharge check valve. 

"4-3.5.3 Each well installation shall be equipped with a 
suitable water level detector. 

*4-4 Installation 

4-4.1 P u m p  House When a pump house is required it shall 
be of such character as will offer the least obstruction to the con- 
venient handling and hoisting of vertical pump parts. Otherwise 
the requirements of Section 2-8 and Section 8-3 shall apply. 

4-4.2 Outdoor Setting I f  in special cases the authority hav- 
ing jurisdiction does not i'equire a pump room and the unit is in- 
stalled outdoors, the driver shall be screened or enclosed and ade- 
quately protected against tampering. The screen or enclosure shall 
be easily removable and have provision for ample ventilation. 

4-4.3 Foundation 

4-4.3.1 Certified dimension prints shall be obtained from 
the manufacturer.  
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4-4.3.2 The foundation for vertical pumps shall be sub- 
stantially built to carry the entire weight of the pump and driver plus 
the weight of the water contained in it. Foundation bolts shall be 
provided to firmly anchor the pump to the foundation. 

4-4.3.3 The foundation shall be of sufficlent area and 
strength that the load per square inch on concrete does not exceed 
design standards. 

4-4.3.4 The top of the foundation shall be carefully leveled 
to permit the pump to hang free in the well or wet pit. 

4-4,3,5 Where the pump is mounted over a sump or pit, I 
beams may be used. When using a right angle gear the driver shall 
be installed parallel to the beams. 

4-5 Driver 

4-5.1 Method of Drive 

4-5.1.1 The pump shall be driven by a vertical hollow shaft 
electric motor or vertical hollow shaft right angle gear drive with 
diesel engine or steam turbine. 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 five-year continuous operation.. All drivers shall be so 
constructed that axial adjustment of impellers can be made to permit 
proper installation and operation of the equipment. 

4-5.1.2 Motors shall be of the vertical hollow shaft type, 
drip proof, normal starting torque, low starting current, squirrel 
cage induction type. The motor shall be equipped with a non- 
reverse ratchet. 

4-5.1.3 Gear drives shall be acceptable to the authority 
having jurisdiction. Gear drives shall be of the vertical hollow shaft 
type, permitting adjustment of the impellers for proper installation 
and operation of the equipment. The gear drive shall be equipped 
with a nonreverse ratchet. 

4-5.1.4 ~ Where diesel engines are used, it shall be the re- 
sponsibility of the pump manufacturer to furnish a universal joint 
coupling of suitable design which will prevent undue straka on either 
the engine or the pump. 

4-5.2 Controls. The controllers for the motor, diesel engine 
or steam turbine shall comply with specifications for either Electric Drive 
Controllers in Chapter 7 of this standard or Engine Drive Controllers in Chap- 
ter 9. 
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4-6 Tests 

4-6.1 Field Acceptance and Subsequent Tests 

4-6.1.1 When the installation is completed, an operating 
test shall b e m a d e  in the presence of the customer, representative of 
the pump manufacturer, and the authority having jurisdictio n . 
Requirements in C/,apter 72, Field Acceptance Tests shall be followed inso- 
far as they apply, and for well installations the test shall also include 
a continuous run, long enough to satisfy the authority having juris- 
diction that the pump performs as required. In no event shall the 
test be for less than one hour. 

4-6.1.2 At annual test-time both static and pumping water 
level shall be determined. 

4.7 Operation and Maintenance 

4-7.1 Operation 

"4-7.1.1 Before starting the unit for the first time after 
installation all electrical connections to the motor and also the dis- 
charge piping from the pump shall be checked. With the top drive 
coupling removed, momentari ly operate the motor  to see that  it 
rotates in the proper direction. Then the impellers shall be set for 
proper clearance, and the top drive coupling reinstalled. 

"4-7.1.2 With the above precautions taken the pump shall 
be started and allowed to run. Observe the operation for vibration 
while running and also for any malfunctioning of the driver. 

4-7.2 Maintenance 

4-7.2.1 Manufacturer 's  instructions shall be carefully fol- 
lowed in making repairs, taking apart,  and reassembling pumps. 

4-7.2.2 In ordering spare or replacement parts the pump 
serial number  stamped on the name plate fastened to the pump 
head shall be included in the order to make sure the proper parts are 
provided. 

4-7.2.3 Ample head room and access for removal of pump 
shall be maintained. 
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Chapter 5 Special Fire Service Pumps 
5-1 General 

5-1.1 Applicat ion Special fire service pumps are intended 
for installation in situations where the available supply of water is 
limited and draft of water in excess of the maximum delivery of the 
pump would be likely to reduce the supply pressure to an undue 
extent. It  is not  usually advisable to reduce the pressure in public 
mains below 20 pounds per square inch (1.4 bars) while the pump is 
operating at its rated capacity. Special fire service pumps are also 
used in situations where there is no deficiency in the volume of water 
available but the pressure is inadequate to supply the quantity of 
water necessary for efficient discharge from the highest sprinklers. The 
authority having jurisdiction may permit the use of these pumps for 
other special situations where such use is acceptable to said authority. 
They are for use only where the conditions are not such as to justify 
installation of a standard fire pump. 

5-1.2 Use Special fire service pumps shall be installed in- 
stead of standard fire pumps only when their installation is approved 
by the authority having jurisdiction. 

5-2 Capaci ty of Water  Supplies Installation of special fire 
service pumps shall conform to the applicable provisions of Section 2-7 
Water Supplies and Section 3-3.2 Positive Head. 

5-3 Pump 
5-3.1 Per fo rmance  Special fire service pumps have rated 

capacities of 150, 200, 300 and 450 gallons per minute (568, 757, 
1135 and 1703 liters per minute) and are rated at net pressures 
between 40 and 100 pounds per square inch (2.7 and 6.8 bars). 
The  pumps shall have such performance characteristics that the 
power required of the driving motor will not exceed 30 horse- 
power (22 KW) at any rate of water delivery within the delivery 
range shown by the head-capacity curve of the pump and, at 
zero operating lift, the maximum capacity will not exceed 130 
percent of the rated capacity. 

5-3.2 Selection of P u m p  Selection of a pump for a given 
condition shall be based on the capacity and pressure conditions in 
the supply mains as determined by test, and the capacity and pres- 
sure requirements of the installation. The pump chosen shall be one 
which has a capacity and pressure rating not less than required 
without exceeding the capacity limit of the supply main. Where a 
characteristic curve is not available it shall be assumed that the 
pump may have a maximum suction demand of 130 percent of its 
rated capacity. 
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*5-3.3 Pump Requirements Pumps shall be listed for fire 
protection service. They shall have such performance characteris- 
tics that, at zero lift, the maximum capacity will not exceed 130 
percent of the rated capacity. 

*5-4 Equipment Protection Special fire service pumps shall 
be protected against possible interruption of service as specified in Sec- 
tion 2-8 Equipment Protection. 

5-5 Foundation and Setting Special fire service pumps shall 
be mounted on a common b.ase plate, attached to a solid foundation, 
and set as specified in Section 3-5  Foundation and'Setting. 

5-6 Al ignment  Special fire service pumps shall be aligned as 
described in Section 3--6 Alignment. 

5-7 Pressure Gages A discharge pressure gage and a com- 
pound pressure and vacuum suction gage shall be connected as 
specified in Section 2-6 Pressure Gages. 

5-8 Hose Valve for Testing. A discharge fitting with valved 
outlet for attachment of 21/6 inch (65 mm) hose or metering de- 
vices shall be provided for testing purposes. 

5-9 Automatic Air Release Pumps which are automatically 
controlled shall be provided with a reliable float-operated air release 
or equivalent valve not less than a/~ inch (12 mm) in size, to automa- 
tically release air from the pump. 

5-10 Circulation Relief Valve to Prevent Overheating 
Pumps shall be provided with a 3A inch (19 mm) relief valve set 
slightly below the shutoff pressure and arranged to permit circula- 
tion of sufficient water to prevent the pump from overheating when 
operating with no discharge. Provision shall be made for discharge 
to a drain. 

5-11 Dr iver  

5-11.1 Motors shall be of such capacity that, at rated voltage 
(and on a-c motors at rated frequency), their full-load ampere rating 
will not be exceeded (except as allowed by the service factor stamped 
on the name plate) under any conditions of pump load. I t  shall be 
the pump manufacturer's responsibility to provide a motor of ample 
size to drive the pump, taking into consideration the suction pressure. 

5-11.2 Motors used at altitudes above 3300 feet (914 m) shall 
be operated or derated according to the current N E M A  Standard MG1-  
part 14. 



20-34 CENTRIFUGAL FIRE PUMPS 

5-11.3 Installation of motors and their power supply shall 
conform to Section 6-5 Motors. 

5-12 Shop Tests Each special fire service pump shall be tested 
in the factory as specified in Section 2-12. 

5-13 Unit  Purchase  R e q u i r e d '  The special fire service pump, 
driver, and controller shall be purchased as a complete unit assembly 
as specified in Section 1-5 Unit Purchase. 
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Chapter 6 Electric Drive for Pumps 

"6-1 Electrical Equipment Electrical equipment shall comply 
with the provisions of the National Electrical Code, NFPA No. 70, 1974. 

6-2 Power Station 

6-2.1 Single Power Station. When current is taken from a 
single power station, the station shall be of noncombustible construc- 
tion, so located or protected as to be free from chances of serious 
damage by exposure from fire. The design and arrangement of 
apparatus within it shall be such that there will be but little chance 
of interruption of service. 

6-2.2 Power  Sub Station When current is taken through 
a substation, the substation shall meet the requirements of 6-2.1 above. 
In addition the number and .arrangement of cables between the 

s ta t ion  and the substation s~tall be such as to practically guarantee 
continuous power at the substation. 

*6-2.3 Other Power Sources Where service cannot b e  ob- 
tained from a power station or substation meeting the requirements of 
6-2.1 and 6-2.2, it shall be obtained from two or more stations or sub- 
stations so located and so equipped that an accident or fire at one 
will not cause an interruption of the service supplied by the other(s). 

*6-3 Power Supply Lines 

"6-3.1 Type of Lines. The line.s between the power plant(s) 
and the pump room shall be of such number, so arranged and so 
located that there will be small chance of an interruption of service 
to the motor(s), due to accident to the lines. 

6-3.2 Pump" Room Wiring.  All "wiring in the pump room 
shall be in rigid metal conduit, electrical metallic tubing or liquid- 
tight flexible metal conduit. 

Exception: For 600 volts or less, mineral insulated metal sheathed cable 
(type MI)  is acceptable. 

6-3.3 Capacity of Lines 

6-3.3.1 Each line between the power plant(s) and the pump 
room shall be sized in accordance with the National Electrical Code, 
NFPA No. 70, 7971, Article 4..20, part B Motor Circuit Conductors; Section 
230-2, exception 7; Section 230-45; Section 230-73 exception 5; and Sec- 
tion 2.~7-90 (a) exception 5. 
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*6-3.3.2 The voltage at-the motor shall not drop more than 
five percent below the voltage rating of the motors when the pumps 
are being driven at rated output, pressure, and speed, and when the 
lines between power station(s) and motors are carrying their peak 
loads. 

6-3.3.3 Where squirrel-cage motors are used, the c a p a c i t y  
of the generating station(s), the connecting lines, and the transform- 
ers shall be ample to keep the voltage from dropping more than 15 
percent below normal voltage under motor starting conditions. 

6-3.4 Power Supply Protective Devices 

6-3.4.1 When power supply protective devices (loses or 
circuit breakers) are installed in the power supply circuits at utility 
plants, substations, or plant load distribution centers ahead of the 
fire pump feeder circuits, such devices shall not open at the sum of 
the locked rotor currents of the fire pump motor(s) and the max imum 
plant load currents. 

6-3.4.2 When power supply protective devices (fuses or 
circuit breakers) are installed in the fire pump feeder circfiit, such 
devices'shall not open at the sum of the locked rotor currents of the 
fire pump motor(s) and the necessary associated fire pump installa- 
tion electrical accessory currents. 

6-4 Transformers 

*6-4.1 Installation. Transformers shall be installed in accor- 
dance with the requirements of the National Electrical Code, NF PA  No. 70, 
1974. 

6-4.2 Isolation When transformers supplying current to the 
lights and motors in the building(s) served by the fire pump also 
supply the pump motor, arrangements shall be made so that all loads 
except the pump motor load can be quickly cut off when necessary. 
Switches for doing this shall be in the pump room. 

Exception: I f  the transformer room is near the pump room, the switches may 
be in the transformer room. 

6-4.3 Locat ion A room containing transformers installed 
solely to supply current to a pump motor  shall be dry and heated in 
cold weather. 

Exception: This shall not be necessarjJ if the transformers are normally left 
connected to the supply lines. 



ELECTRIC DRIVE FOR PUMPS 20--37 

6-5 Motors 

"6.5.1 Types  600 Volts or Less Electric motors are an 
accepted dependable source of power for operation of centrifugal 
fire pumps. All motors shall be rated for continuous duty and 
shall not be used at voltages exceeding 110 percent of rated voltage. 
I t  is the responsibility of the pump manufacturer to provide a motor 
of ample size as specified in 6-5.3. Direct-current or alternating- 
current motors shall comply with the following requirements: 

6-5.1.1 Direct-current motors shall be of either the stabili- 
zed shunt-type or the cumulative compound-wound type. The 
speed of the motor at 'no load hot shall not exceed the speed at full 
load hot by more than 10 percent. 

6-5.1.2 Squirrel-cage induction motors shall have normal 
starting and breakdown torque. The locked rotor current of three- 
phase, constant speed, induction motors, measured with rated vol- 
tage and frequency impressed with rotor locked shall not exceed the 
values in Table 6-5.1.2. 

*6-5.2 Types  in Excess of 600 Volts All fire pump motors 
shall be rated for continuous duty and shaU not be used at voltages 
in excess of 110 percent of rated voltage. 

6-5.3 Cur ren t  Limits 

6-5.3.1 All motors shall be of such capacity that at rated 
voltage (and on a-c motors at rated frequency) their full load ampere 
rating will not be exceeded under any conditions of pump load. 

Exception: For motors having a service factor stamped on the nameplate, 
the full load ampere rating is considered increased as permitted by the service 
factor. 

6-5.3.2 Motors used at altitudes above 3,300 feet (1,000m) 
shall be operated or. derated according to NEMA Standard MGI-  
Part 14. 

6-5.4 Marking 

6-5.4.1 Marking of motor terminals shall be in accordance with 
NEMA Standard MGI-  Part 2. 

6-5.4.2 A nameplate shall be provided showing the follow-' 
ing information: 

Direct-Current Motors 

Manufacturer 's type and frame designation. 
Rated horsepower output. 

(Cont. p. 20-39) 
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T a b l e  6 - 5 . 1 . 2  

H o r s e p o w e r ,  L o c k e d  R o t o r  C u r r e n t ,  M o t o r  D e s i g n a t i o n  

Locked Rotor Current  Motor Designation 
Three-Phase (NEC Code Letter) 

Rated 230 Volts~ 230 Volts 
Horsepowert (Amps) A to and Including§ 

5 92 J 
7 ~  127 H 

10 162 H 
15 232 G 
20 290 G 
25 365 G 
30 435 G 
40 580 G 
50 725 G 
60 870 G 
75 1,085 G 

100 1,450 G 
125 1,815 G 
150 2,170 G 
200 2,900 G 
250 3,650 G 
300 4,400 G 
350 5,100 G 
400 5,800 G 
450 6,500 G 
500 7,250 G 

tFor motors of larger horsepower, refer to the manufacturer for locked rotor 
current. 

~The locked rotor currents for 230 volt motors are approximathly six times the 
fuU load current. The corresponding values of locked rotor current for motors 
rated at  other voltages shal l  be determined by multiplication of the values 
shown by the following factors: 

Rated Voltage Factor 
200 1.15 
208 1.1 
460 0.5 
575 0.4 

Any other voltage Ratio of 230 volts to 
the rated voltage 

Example: A 15 horsepower, 460 volt motor would have a value of 116 amperes. 

§ Code letters of motors rated for all other voltages shall conform with those 
shown for 230 volts. 
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Direct-Current Motors (cont.) 
Time rating. 
Voltage. 
Temperature rise or class of insulation.' 
Ambient temperature. 
RPM at full load. 
Full load amperes. 
Shunt or compound wound. 

Alternating-Current Motors 

Squirrel-cage Motors - -  
Manufacturer 's type and frame designation. 
Rated Horsepower output. 
Time rating. 
Voltage. 
Frequency. 
Number of phases. 
Temperature rise or class of insulation. 
Ambient temperature. 
RPM at full load. 
Pull load amperes. 
Code Letter. 
Service factor, if other than 1.0. 

Wound Rotor Induction Motors - -  
Same as squirrel-cage motors but also secondary amperes at 
full load, and secondary voltage. 

6-5.5 Water Protection 

6-5.5.1 Where subject to possible splash of water from hose 
connections close to the pump, open motors shall be protected 
against such splashing by a noncombustible, moisture-resisting parti- 
tion or equivalent, furnished by the pump manufacturer and installed 
between the pump and the motor. 

6-5.5.2 Open drip-proof motors shall be protected the same 
as open motors if hose valves are located inside the pump room. 
(See 1-8.2for definitions.) 

6-5.5.3 Open splash-proof motors with ventilating inlet and 
discharge located so as to prevent impact of dripping or splashing 
water on windings or other energized mechanisms, shall not require 
the splash partition described above. 
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6-5.5.4 Totally enclosed, fan-cooled motors shall not re- 
quire a splash partition but they shall be sealed at the joints and 
have conduit fittings arranged to prevent the entrance of water. 

6-5.5.5 Current  carrying parts of electric motors shall be at 
least 12 inches (305 ram) above the floor. 

6-5.6 O t h e r  Fea tures  

6-5.6.1 Motors shall be equipped with antifriction ball 
bearings or roller type bearings mounted so as to be effectively 
sealed against dirt and moisture. 

6-5.6.2 The motor terminal box shall be a type to which 
conduit can be attached at sides~ top or bottom. Totally enclosed 
fan-cooled motors shall be provided with watertight conduit boxes. 

6-5.6.3 Where unusual moisture or abrasive dust conditions 
are anticipated, motors shall be a special type or especially insulated 
to withstand such conditions. Under  such conditions motors rated 
in excess of 600 volts shall be totally enclosed type. 

6-5.6.4 Instructions for the care and lubrication of motor 
bearings shall accompany each motor. 
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Chapter 7 Electric Drive Controllers 

"7-1 Specificaiions for all Controllers The  specifications in 
this Chapter cover all controllers, both automatic and nonautomatic, 
for electric motors driving fire pumps. 

7-1.1 General 

7-1.1.1 All controllers shall be specifically listed for fire 
• pump service. 

7-1.1.2 All controllers shall be completely assembled, Wired, 
and tested by the manufacturer before shipment from the factory. 

7-1.1.3 All controllers shall be marked "Fire Pump Con- 
troller" and shall show plainly the name of the manufacturer, the 
identifying designation, and the complete electrical rating. 

7-2 Location 

7-2.1 Controllers shall be located as close as is practical to the 
motors they control and shall be within sight of the motors. 

7-2.2 Controllers shall be so located or so protected that  they 
will not be injured by water escaping from pumps or pt/mp connec- 
tions. Current carrying parts of controllers shall be not less than 
12 inches (305 mm) above the floor level. 

7-2.3 :A clearance of not  less than 31/~2 feet (1.1 m) shall be 
provided at the rear of controller enclosures designed to be inspected 
and serviced from the rear. 

7-3 Construction 

7-3.1 Equipmen t  All equipment shall be suitable for use 
in locations subject to a moderate degree of moisture such as a damp 
basement. 

7-3.2 Mount ing  All equipment shall be mounted in a sub- 
stantial manner on a single noncombustible supporting structure. 

7-3.3 Enclosure The structure or panel shall be securely 
mounted in an enclosure(s) which will protect the equipment against 
mechanical injury' and falling drops of water striking the enclosure 
from the downward vertical. 

7-3.4 Connections and Wiring 

7-3.4.1 All bus bars and connections shall be readily acces- 
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sible for maintenance work after installation of the controlle/', with- 
out disconnecting the external circuit conductors. 

7-3.4.2 Test  Connections Provisions shall be made to 
allow the use of test meters by one of the methods outlined in para- 
graphs (a) or (b) below. 

(a) Terminals shall be so located and arranged that a 
clamp-on or similar type meter can be safely and conveniently used, 
o r  

(b) There shall be provided as part  of the controller a 
readily accessible test link or equivalent means for connecting a cur- 
rent measuring instrument in one of the motor circuit conductors 
without the necessity for disconnecting any conductor which runs 
outside the equipment enclosures. The test link shall be connected 
between the isolating switch and the circuit breaker. 

7-3.4.3 Bus bars and other wiring elements of the controller 
shall be designed on a continuous duty basis. 

Exception: Conductors which are in a circuit only during the motor starting 
p~iod may be designed accordingly. 

7-3.5 Protect ion of Auxi l i a ry  Circuits  Circuits whicfi are 
depended upon for proper operation of the controller shall not have 
overcurrent protective devices connected in them. 

7-3.6 Externa l  Opera t ion  All switching equipment  for 
manual  use in connecting or disconnecting, or starting or stopping 
the motor shall be externally operable as defined in the National Electri- 
cal Code, NFPA No. 70, 1974. The isolating switch shall meet the re- 
requirements of 7-4 below. 

7-3.7 Wiring Diagrams and Instructions 
7-3.7.1 A wiring d iagram shall be provided and perma- 

nently attached to the inside of the controller enclosure. 

7-3.7.2 All the field wiring terminals shall be plainly 
marked to correspond with the wiring diagram furnished. 

7-3.8 M a r k i n g  Each motor  control device and each switch 
and circuit breaker shall be marked to plainly indicate the name of 
the manufacturer, his designated identifying number  and the elec- 
trical rating in volts, horsepower, amperes, frequency, phases, etc., 
as may be appropriate.  The markings ~hall be so located as to be 
visible after installation. 

*7-3.9 Instruct ions Complete instructions covering the 
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operation of the controller shall be provided and conspicuously 
mounted on the controller. 

7-4 Components 

7-4.1 Isolating Switch A manually operated isolating 
switch shall be provided within the controller enclosure, connected 
on the supply side of the circuit breaker with one pole for each 
branch circuit conductor. 

Exception: This •isolating switch is not required on limited service control- 
lers. 

7-4.1.1 The isolating switch shall be externally operable 
(see 7-3.6) and the operating handle shall be provided with a spring 
latch which will not interfere with the closing of the switch, but shall 
be so arranged that it requires the use of the other hand to hold the 
latch released in order to permit the opening of the isolating switch. 

7-4.1.2 The ampere rating of the switch shall be at least 
115 percent of the nameplate current rating of the motor. 

7-4.1.3 The following warning shall appear on or immedi- 
ately adjacent to the isolating switch: 

WARNING---DO N O T  OPEN OR CLOSE T H I S  S W ITCH  
W H I L E  T H E  C I R C U I T  BREAKER (DISCONNECTING 
MEANS) IS IN CLOSED POSITION.  

7-4.2 Circui t  Breake r  (Disconnecting Means). The motor 
branch circuit shall be protected by a suitable magnetic trip-type 
circuit breaker, connected directly to the load side of the isolating 
switch and conforming with the following requirements: 

Exception: The circuit breaker for a limited service controller need not be 
a magnetic trip type. See 7-7.4. 

7-4.2.1 No other overcurrent protective ctevices shall be in 
the motor circuit on the load side of the circuit breaker. (See 6-3.4 
for rating and setting of overcurrent devices in the circuit on the line side of the 
circuit breaker. See the National Electrical Code, NFPA No. 70, 1974, Art. 
240-11a for the number of overcurrent units required for circuit protection 
devices.) 

7-4.2.2 The circuit breaker shall have one pole.for each un- 
grounded branch circuit conductor. 

7-4.2.3 The circuit breaker shall be externally operable. 

7-4.2.4 The circuit breaker shall trip free of the handle. 
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S h o r t - C i r c u i t  C u r r e n t  R a t i n g  o f  C i r c u i t  B r e a k e r s  o f  F i r e  P u m p  

C o n t r o l l e r s  W h e n  S u p p l i e d  T h r o u g h  T r a n s f o r m e r s  

Circuit Breaker Minimum Length  of Cable Between 
Short-CArcuh Transformer  and Circuit Breaker t  

Trans-  Transformer  Current  Rating Feet 
former Secondary Amperes MCM~ AWG~ 
KVA Volts Symmetrical 750 600 500 400 350 300 250 4 /0  3 /0  2/0 1/0 I 2 4 

750 600 14,000 
.480 22,000 
240 25,000 

1,000 600 14,000 
480 22,000 
240 25,000 

1,500 600 14,000 
480 22,000 
240 25,000 
600 22,000 
480 30,000 
240 42,000 • 

2,000 600 14,000 
480 22,000 
240 25,000 
600 22,000 
480 30,000 

52 50 48 45 42 39 36 34 33 31 30 27 25 17 

40 39 38 36 -35 32 . 30 28 26 "23 20 15 25 10 

161 1.55 153 140 134. 130 124 119 107 94 83 71 60 42 
50 45 39 35 32 31 30 28 26 24 22 20 19 12 
58 55 53 50 47 45 42 39 35 31 2Z 23 19 13 

272 260 250 234" 225 213 196 185 164 143 123 103 87 58 
110 106 102 96 92 88 82 77 69 61 53 45 38 26 
74 71 68 64 61 57 53 49 44 37 32 27 22 15 
93 89 86 83 81 77 73 69 63 56 49 42 36 26 
43 41 40 38 37 36 34 32 30 27 24 21 18 13 
33 31 30 28 26 24 23 21 19 17 15 13 11 8 

325 310 298 280 265 252 231 216 190 164 140 117 97 65 
145 138 125 125 119 114 105 98 87 76 66 55 46 31 

83 79 76 71 67 63 58 54 47 41 35 29 24 16 
150 145 138 130 124 119 111 104 93 82 71 60 51 34 
79 76 74 70 67 64 60 56 50 44 38 33 28 19 



" Table 7-4.2.9 (cont.) 

Circuit Breaker Minimum Length  of Cable Between 
• Short-Circuit Transformer  and  Circuit Breaker t 

Trans-  Transformer  Current  Rating Feet 
former Secondary Amperes MCM~ AWG~ 
K V A  Volts Symmetrical 750 600 500 400 350 300 250 4 / 0  3 / 0  2 / 0  1/0 1 2 4 

2,500 

240 42,000 
600 42,000 
480 50,000 
240 65,000 

600 14,000 
480 22,000 

• 240 25,000 
600 22,000 
480 30,000 
240 42,000 
600 42,000 
480 50,000 
240 65,000 

41 39 38 35 34 32 30 27 25 21 18 16 13 9 

4 4 4 4 4 4 4 .3 3 3 3 3 2 2 
17 17 16 15 14 13 12 12 11 10 9 8 6 4 

355 348 325 303 287 274 250 232 203 175 149 124 103 68 
165 157 151 142 135 129 118 109. 97 83 72 60 50 33 
88 83 80 74 71 67 61 56 49 42 36 30 25 16 

180 173 167 158. 151 143 131 123 109 95 82 68 57 39 
99 95 92 87 83 79 73 69 60 53 46 39 33 22 
44 42 41 38 37 34 32 30 27 23 19 16 13 9 
33 32 31 29 28 26 25 24 23 21 18 16 14 10 
27 26 25 24 23 22 21 19 18 " 16 15 13 11 8 
22 21 21 "19 18 17 16 15 14 12 11 9 8 5 

Notes to Table 7-4.2.9 

tCable lengths are based on: 
(a) Transformer impedance of 5.75 percenL If a higher imperlance transformer is used, the cable length may be decreased for 

the same circuit breaker short-circuit rating. 
(b) C~pper'cables with three single conductors in a magnetic duct. 
(c) 100 percent total connected motor load with motor contribution equal to four times transformer full load current. 

~Cable sizes listed are based on Temperature 'Rating of Conductors from 60°C to 90°C, as listed in the National Electrical Code, 
NFPA No. 70, 197d, Table 310-12, and they provide proper cable sizing (125 percent motor full load current) for motors up to 
125 horsepower at 240 volts, 250 horsepower at 480 volts, and 350 horsepower at 600 volts. 
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7-4.2.5 The circuit breaker rating shall be not less than 115 
percent of the rated full load current of the motor. 

7-4.2.6 The  circuit breaker shall permit  normal starting of 
the motor  without tripping. 

7-4.2.7 The circuit breaker shall provide locked rotor and 
instantaneous short circuit protection. 

(a) For a squirrel cage induction motor, the circuit breaker 
shall be of the time delay type and have a time delay of not over 20 
seconds at locked rotor current (this is approximately 600 percent 
of rated full load motor current for squirrel cage induction motors), 
and shall be calibrated up to and set at 300 percent of the motor full 
load current. 

(b) For a direct-current or a wound rotor alternating- 
current motor, the circuit breaker shall be of the instantaneous type 
calibrated up to and set at 400 percent of the motor full load current. 

*7-4.2.8 The  short-circuit rating of the circuit breaker sha l lbe  
equal to or greater than the available short-circuit current for the 
circuit in which it is used. When the available short-circuit current 
at the line terminals of the controller exceeds the short-circuit current 
rating of the largest available breaker, the circuit breaker used shall 
be' protected with current limiting fuses (bolted type Class J or L) 
coordinated with the circuit breaker so that the short-circuit currents 
within the circuit breaker rating are interrupted by the circuit 
breaker only. These fuses shall hold locked rotor current of the 
motor continuously (for further detail see ANSI  C37.27, 1972). Coordi- 
nated in this sense means that  the characteristics of 7-2.4.7 shall be 
provided by the circuit breaker alone, and the fuse shall not permit  
peak let-through current in excess of 2.3 times the 240 volt rms 
symmetrical short-circuit current rating of the circuit breaker. The  
crossover point of the fuse curve shall be to the.left of the intersection 
of the short-circuit current rating of the circuit breaker on the instan- 
taneous trip clearing time curve of the circuit breaker. The  current 
limiting fuses shall be mounted in the controller panel and connected 
between the isolating switch and the circuit breaker. (See Fig. A-7-  
4.2.8.) 

7-4.2.9 The circuit breaker short-circuit current rating shall 
be selected by using Table 7-4.2.9 wheh the installation meets the 
criteria established in the notes to the Table.  Otherwise, a short- 
circuit study must be made to establish the available short-circuit 
current at the controller in accordance with IEEE No. 141 Electric Power 
Distribution for Industrial Plants or IEEE No. 247 Electric Systems for Com- 
mercial Buildings. 
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7-4.2 .10 A nameplate with the legend C I R C U I T  B R E A K E R  
- - D I S C O N N E C T I N G  MEANS in letters not less than a~ inch 
(10 mm) high shall be located on the outside of the controller enclo- 
sure adjacent to the means for tripping the circuit breaker. 

7-4.3 Motor Starter 

7-4.3.1 The motor starter shall be of the magnetic type 
with a contact in each ungrounded conductor. 

7-4.3.2 For electrical operation of reduced voltage starters, 
timed automatic acceleration of the motor shall be provided. The 
period of motor acceleration shall not exceed 10 seconds. 

7-4.3:3 Starting resistors shall be designed to permit  one 
five second starting operation in each 80 seconds for a period of not 
less than one hour. 

7-4~3.4 The operating coil for the main contactor shall be 
supplied directly from the main power  voltage and not through a 
u;ansformer (for controllers of 600 volts or less). 

*7-4.4 Alarm and Signal Devices on Controller. A pilot 
lamp (6w or 7w, 115-125 volt, candelabra base) shall be connected 
to a pair of power supply conductors directly on the line side of the 
motor starter (load side of the circuit breaker) to indicate that the 
circuit breaker and test link are closed and that power is available at 
the controller for starting. The lamp shall be accessible for replace- 
ment. 

7-4.5 Alarm and Signal Devices Remote from Controller 
When the pump room is not constantly attended, audible or visual 
alarms powered by a source, not exceeding 125 volts, shall be pro- 
vided at a point of constant attendance. These alarms shall indicate 
the following: 

(a) Corttroller has operated into a pump running condition. 
This a larm circuit shall be energized by a separate reliable super- 
vised power source, or from the pump motor power, reduced to not 
more than 125 volts. 

*(b) Loss of line power on line side of motor starter, in any 
phase. This alarm circuit shall be energized by a separate reliable 
supervised power source. 

7-4.6 Controller Alarm Contacts for Remote Indication 
Controllers shall be equipped with contacts (open or closed) to op- 
erate circuits for the conditions covered in 7-4.5. 
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7-5 Starting and Control 

"7-5.1 Automatic and Nonautomatic 

7-5.1.1. An automatic controller shall.be operable also as a 
nonautomatic controller. 

7-5.1.2 A nonautomatic controller shall be actuated by 
manually initiated electrical means and by manually initiated 
mechanical means. 

7-5.2 Automatic Controller 

7-5.2.1 Water Pressure Control In the controller circuit 
there shall be provided a pressure-actuated switch having high and 
low calibrated adjustments, and responsive towa te r  pressure in the 
fire protection system. Suitable provision shall be made for reliev- 
ing pressure to the pressure-actuated switch, to test the operation of 
the controller and the pump. (See Fig. A-7-5.2.1.) 

7-5.2.2 Fire Protection Equipment Control When the 
pump supplies special water control equipment (deluge valves, dry 
pipe valves, etc.) and it is desired to start the pump before the pres- 
sure-actuated switch(es) would do so, the controller shall be equip- 
ped to start the pump upon 'operation of the fire protection equip- 
ment. This equipment shall be a relay of the drop~out type. The 
relay shall be actuated from a normally closed contact on the fire 
protection equipment. 

7-5.2.3 Sequence Starting. The controller for each unit 
of multiple pump units shall incorporate a sequential timing device 
to prevent any one pump from starting simultaneously with any 
other pump. If water requirements call for more than one pump to 
operate, the units shall start at intervals of five to ten seconds. Failure 
of a leading pump to start shall not prevent subsequent pumps from 
starting. 

7-5.2.4 Sole Supply Pumps For sprinkler or standpipe 
systems where an automatically controlled pump constitutes the sole 
supply, or where required by the authority having jurisdiction, the 
controller shall be wired for manual shutdown. 

7-5.3 Nonautomatic, Controller 

7-5.3.1 Manua l  E lec t r i c 'Con t ro l  a t  Control ler  There 
shall be a manually operated switch on the control panel so arranged 
that when the pump is started manually, its operation cannot be 
affected by the pressure-actuated switch. The arrangement shall 
also provide that the unit will remain in operation until manually 
shut down. 
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Exception: An autotransformer reduced-voltage type of starter need not have 
electrical control means/or starting the motor. 

7-5.3.2 Manual Electric Control at Remote Station 
When additional control stations for causing nonautomatic con~nu- 
ous operation of the pump, independent of the pressure-actuated 
switch, are provided at locations remote from the controller, such 
stations shall not be operable to stop the pump.  

7-5.3.3 Manual Mechanical Control at Controller 

(a) The controller shall be equipped with a handle or lever 
which operates to close the motor-circuit switching mechanism 
mechanically. This handle or lever shall provide for nonautomatic 
continuous running operation of the motor(s) independent of any 
electric control circuits, magftets or equivalent devices, and indepen- 
dent of the pressure-activated control switch. Means shall be incor- 
porated for mechanically latching or holding of the handle or lever 
for manual operation in the actuated position. The mechanical 
latching shall not be automatic, but at the option of the operator. 

(b) The handle or lever shall be arranged to move in one 
direction only from "off"  to final position. 

Exception: This does not apply to the auto-transformer reduced-voltage type 
starter. 

(c) The motor starter shall return automatically to the 
"off"  position in case the operator releases the starter handle in any 
but the full running position. 

715.4 Methods of Stopping Shutdown shall be accomp-  
l i s h e d b y  the following methods: 

1. M a n u a l - - o p e r a t i o n  of reset pushbutton on outside of 
controller enclosure which, in the case of automatic con- 
trollers, shall return the controller to full automatic posi- 
tion. 

2. Automatic shutdown after automatic start ( o p t i o n a l ) -  
if controller is set up for automatic shutdown after starting 
causes have returned to normal, a running period t imer 
set for at least one minute" running time for each ten 
horsepower of motor rating (but which need not exceed 
seven minutes) shall be used. 

7-6 Controllers for Voltages in Excess of 600 

"7-6.1 Control Equipment Where equipment rated in 
excess of 600 volts is accepted, the control equipment shall comply 
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with the requirements of 7-1 through 7-5.4. 

Exceptions: 7-6.2 through 7-6.8 below detail respects in which controllers 
of voltages in excess of 600 do not comply with the referenced sections. 

7-6.2 Provisions for Testing The provisions of 7-3.4.2 
shall not apply. An ammeter shall be provided on the controller 
with a suitable transfer switch arranged for reading the current in 
each phase. An indicating voltmeter shall also be provided on the 
controller with scale calibrated to the high voltage supply and de- 
riving its source of power from the control transformer secondary. 

7-6.3 Disconnecting Under Load Provision shall be made 
to prevent opening the isolating switch under load. 

7-6.4 Pressure-Actuated Switch Location Special pre- 
cautions shall be taken in locating the pressure-actuated switch, 
called for in 7-5.2.7, to prevent any water leakage from coming in 
contact with high-voltage components. 

7-6.5 Low-Voltage Control Circuit The low-voltage con- 
trol circuit shall be supplied from the l~igh-voltage source through a 
step-down control circuit transformer protected by suitable high- 
voltage fuses. Its current supply shall be interrupted when the 
isolating switch is in the open position. 

7-6.6 Alarm and Signal Devices on Controller For these 
Controllers, specifications differ from 7-4.4 A pilot lamp shall be 
provided to indicate that power is available. The lamp operating 
voltage shall be less than the lamp voltage rating, to insure long life. 
The current supply for the lamp shall come from the Secondary of 
the control circuit transformer through resistors, if found necessary, 
or from a small capacity step-down transformer to reduce the control 
transformer secondary voltage to that required for the pilot lamp. 

7-6.7 Protection of Personnel from High Voltage Neces- 
sary provisions shall be made, including such interlocks as may be 
needed, to protect personnel from accidental contact with high 
voltage. 

7-6.8 Short-Circuit Current Rating The circuit breaker, 
or the contactor where it also performs the function of the circuit 
breaker, shall have adequate short-circuit current rating for the 
intended service. 

7-7 Controllers for Limited Service Pumps 

7-7.1 Application The following specifications cover auto- 
matic controllers for across-the-line type squirrel cage motors of 30 
horsepower or less, 600 volts or less, where such use is acceptable 
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'to the authority having jurisdiction (see 5-7.1 Application, Special Fire 
Service Pumps). All requirements preceding in this Chapter 7 shall apply 
except as indicated in the following. 

7-7.2 Marking Each controller shall be marked "Limited 
Service Controller" and shall show plainly the name of the manu- 
facturcr, the identifying designation, and the complete electrical 
rating. 

7-7.3 Isolating Switch The manually operated isolating 
switch specified in 7-4.7 is not required. 

7-7.4 Circuit Breaker The circuit breaker shall comply 
with requirements in 7-4.2 with the following changes: 

"7-7.4.1 The circuit breaker shall be listed for disconnect 
purposes. 

7-7.4.2 The calibration shall be of the fixed type to dis- 
courage adjusting and tampering by unauthorized persons. 

7-7.4.3 The short-circuit current rating of the circuit 
breaker shall be not less than 10,000 amperes. 
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Chapter 8 Diesel Engine Drive 

8-1 General 
8-1.1 Selection Selection of diesel engine driven fire pump 

equipment for each situation shall be based on careful consideration 
of factors of the most reliable type of control, fuel supply, installa- 
tion, and the starting and running operation of the diesel engine. 

8-1.2 Exper ience  Record The compression ignition diesel 
engine has proved to be the most dependable of the internal combus- 
tion engines for driving fire pumps. Except for installations made 
prior to adoption of this standard, spark-ignited internal combus- 
tion engines shall not bemused. This restriction shall not be inter- 
preted to exclude gas turbine engines as future pump drivers. 

8-2 Engines 

8-2.1 Listing Engines shall be specifically listed for fire 
pump service. 

*8-2.2 Engine Ratings 

"8-2.2.1 Engines, after the corrections for altitude and am- 
bient temperature specified in 8-2.2.2 and 8-2.2.3 below, shall have a 
bare engine brake horsepower rating not less than 20 percent greater 
than the maximum brake horsepower required to drive the pump at 
its rated revolutions per minute. 

8-2.2.2 A deduction of three percent from engine horse- 
power rating as corrected to sea-level conditions (29.92 in. or 0.76 m 

H g  and 60°F or 15.5°C) shall be made for diesel engines for each 
1,000 feet (305 m) altitude above sea level. 

8-2.2.3 A deduction of one percent from engine horsepower 
rating as corrected to sea-level conditions (same as in 8-2.2.2 above) 
shall be made for diesel engines for every 10°F (5.6°C) above 
60°F (15.5°C) ambient temperature. 

8-2.2.4 When gear drives (see 8-2.3.1 below) are used be- 
tween the pump and its driver, the horsepower requirement of the 
pump shall be increased to allow for power loss in the gear drive. 

8-2.3 Engine Connection to Pump 
8-2.3.1 Engines shall be connected to horizontal shaft 

pumps by means of a flexible coupling of suitable design. They 
shall be connected to vertical shaft pumps by means of a right angle 
gear drive with suitable universal joints. 
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8-2.3.2 Except for installations made prior to adoption of 
this standard dual drive pump units shall not be used. 

8-2.4 Instrumentation and Control 

8-2.4.1 Governor  Engines shall be provided with an 
adj'ustable governor capable of regulating engine speed within a 
range, of 10 percent between shutoff and' maximum-load conditions 
of the pump. The governor shall be set to maintain rated pump 
speed at maximum pump load. 

8 - 2 . 4 . 2 0 v e r s p e e d  Shut-Down Device Engines shall be 
provided with an overspeed shut-down device. It  shall be arranged 
to shut down the engine at a speed approximately 20 percent above 
rated engine speed, and for manual reset. The position of the over- 
speed shut-down device shall be so supervised that the automatic 
engine controller will continue to show an overspeed trouble signal 
until the device is manually reset to normal operating position. 

8-2.4.3 Tachometer  A tachometer shall be provided to 
indicate revolutions per minute of the engine. The tachometer shall 
be the totalizing type or an hour meter shall be provided to record 
total time of engine operation. 

8-2.4.4 Oil Pressure Gage Engines shall be  provided 
with an oil pressure gage to indicate lubricating oil pressure. 

8-2.4.5 Temperature Gage Engines shall be provided 
with a temperature gage to indicate cooling water temperature. 

8-2.4.6 Instrument Panel All engine instruments shall 
be placed on a suitable panel secured to the engine at a suitable 
point. 

8-2.4.7 Automatic Controller Wiring in Factory All 
connecting wires for automatic controllers shall be harnessed or 
flexibly enclosed, mounted on the engine and connected in an 
engine junction box to terminals numbered to correspond with 
numbered terminals in the controller, for ready wiring in the field 
between the two sets of terminals. 

8-2.4.8 Main  Battery Contactors Main battery con- 
tactors shall be manually operable in event of control circuit failure. 

8-2.4.9 Signal for Engine Running and Crank Termi- 
nation Engines shall be provided with a speed-sensitive switch to 
signal engine running and crank termination. Power for this signal 
shall be taken from a source other than the engine generator or alter- 
nator. 
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8-2.5 Starting Methods 
8-2.5.1 Starting Device Engine shall be equipped with 

a reliable starting device. 

8-2.5.2 Electric Starting When electric starting is used, 
the electric starting device shall take current from a storage bat- 
tery(ies). 

*8-2.5.3 Air Start ing When air starting is used and air 
pressure exceeds 100 pounds (7 bars) gage, air supply tanks shall be 
so located or so guarded that they are not subject to mechanical in- 
jury. There shall be not less than two air supply containers, each 
sufficient for six consecutive starts without recharging. There shall 
be a separate, suitably powered air compressor or means of obtaining 
air from some other system, independent of any compressor driven 
by the fire pump engine. Suitable supervisory service shall be main- 
tained to indicate high and low air pressure conditions. 

J 

8-2.6 Storage Battery 

8-2.6.1 Number and Capacity of Batteries Each engine 
shall be provided with two storage battery units. 

Exception: This does not apply to installations made prior to adoption of 
this standard. 

Each battery unit shall have capacity, at 40°F ('4.5°C), sufficient 
to maintain cranking speed recommended by the engine manufac- 
turer through a 6 minute cycle (15 seconds cranking and 15 seconds 
rest, in 12 consecutive cycles). The fire pump manufacturer shall 
provide a certification that the battery furnished complies with this 
requirement. 

*8-2.6.2 Dry Charge Battery Batteries shall be fur- 
nished in a dry charge condition, with electrolyte liquid in a separate 
container. Electrolyte shall be added at the time the engine is put 
in service, and the battery given a conditioning charge. 

• *8-2.6.3 Battery Recharging Two means for recharg- 
ing storage batteries shall be provided. One shall be the generator 
or alternator furnished with the engine. The  other shall be an 
automatically controlled charger taking power from an alternating 
current power source. Another reliable charging method shall be 
specified if an alternating current power source is not available 
or is not reliable. 

8-2.6.4 Battery Chargers 
(a) Chargers shall be specifically listed for fire pump ser- 
vice. 
(b) The rectifier shall be a semiconductor type. 
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(c) The charger for a lead acid battery shall be a type which 
automatically reduces the charging rate to less than 500 milliamperes 
when the battery reaches a full charge condition. 

(d) The control equipment incorporated in an "off-on" 
type of charger for a lead acid battery shall start the rectifier hourly. 
It shall shut off automatically when the battery has been fully 
charged. 

(e) The battery charger at its rated voltage shall be capa- 
ble of so delivering energy into a fully discharged battery in such 
a manner that it will not damage the battery. It shall restore 
to the battery 100 percent of the battery's ampere hour rating 
within 24 hours. 

(f) An ammeter with an accuracy of five percent of the 
normal charging rate shall be furnished to indicate the operation of 
the charger. 

(g) The charger shall be designed so that it will not be 
damaged or blow fuses during the cranking cycle of the engine when 
operated by an automatic or manual controller. 

(h) A manual charge switch with indicator light shall be 
provided or, in lieu thereof, the charger shall automatically charge 
at the maximum rate whenever required by the state of charge of the 
battery. 

(i) When not connected through a control panel it shall be 
arranged to indicate loss of current output on the load side of the 
d-c overcurrent protective device. (See 9-1.4.2 (c).) 

*8-2.6.5 Battery Location Storage batteries shall be 
substantially supported, secured against displacement, and located 
where they will not be subject to excessive temperature, vibration, 
mechanical injury, or flooding with water. They shall be readily 
accessible for servicing. 

8-2.7 Engine Cooling 

8-2.7.1 Coolant Circulation The engine cooling system 
shall be the closed-circuit type, including a circulating-pump driven 
by the engine, a heat exchanger, and a reliable engine jacket temp- 
erature regulating device. An opening shall be provided in the 
circuit for filling the system, checking coolant level, and adding 
make-up water when required. The coolant shall comply with 
recommendation of the engine manufacturer. 

*8-2.7.2 Exchanger Water Supply The cooling water 
supply for the heat exchanger shall be from the discharge of the 
pump, taken off prior to the pump discharge valve. Threaded rigid 
piping shall be used for this connection. The pipe connection shall 
include a manual shut-off valve, an approved flushing type strainer 
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in addition to the one that may be part of the pressure regulating 
valve, a pressure regulating valve, an automatic electric solenoid 
valve, and a second manual shut-off valve in the order shown in 
Fig. A-8-2.7.2 .  A pressure gage shall be installed in ' the  cooling 
water supply system on the engine side of the last manual valve. 

Exception: The electric solenoid valve is not required on a vertical shaft 
turbine-type pump or any other pump when there is no pressure in the discharge 
when the pump is idle. 

*8-2.7.3 By-Pass A by-pass line with manual valve shall 
be installed arourid the manual shut-off valves, strainer, pressure 
regulator and solenoid valve as shown in Fig. A-8.27.2. 

8-2.7.4 Waste Outlet. An outlet shall be provided for 
the waste water line from the heat exchanger, and the discharge line 
shall not be less than one size larger than the inlet line. The outlet 
line shall be short, shall provide discharge into a visible open waste 
cone, and shall have no valves in it. 

8-2.7.5 Exhaust Manifold. A water jacketed (cooled) 
exhaust manifold shall be used to dissipate heat and to avoid hazard 
to operator or to flammable material adjacent to the engine. 

*8-3 Pump and Engine Protection 

8-3.1 P ump  Room Drainage The floor or surface around 
the pump and engine shall be pitched for adequate drainage of 
escaping water or fuel away from critical equipment such as pump, 
engine, controller, fuel tank, etc. 

8-3.2 Venti lat ion.  Means for thorough ventilation shall be 
provided and shall be adequate for engine air supply and for removal 
of hazardous vapors. 

8-4 Fuel Supply Arrangement 

8-4.1 P lan  Review Before any fuel system is installed, plans 
shall be prepared and submitted to the authority having jurisdiction 
for agreement on suitabidity of the system for conditions prevailing. 

8-4.2 Guards A guard or protecting pipe shall be provided 
for all exposed fuel lines. 

*8-4.3 Fuel  Capacity. Fuel supply tank(s) shall have the 
capacity to operate the pump engine for not less than eight hours. 
Larger capacity may be required and shall be determined by pre- 
vailing conditions and be subject to special consideration in each case. 
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8-4.4 Mul t ip le  Pumps.  There shall be a separate fuel 
line and separate fuel supply tank for each engine. The fuel lines 
shall be interconnected and valved so that all engines may continue 
to operate even though one or more fuel tanks may be out of service 
or empty. 

*8-4.5 Fuel  " Supply  Location Diesel ~fuel supply tanks 
shall be located in accordance with municipal or other ordinances, 
and with requirements of the authority having jurisdiction. Means 
shall be provided for determining the amount of fuel in each storage 
tank. Each tank shall have suitable filling and vent connections. 

*8-4.6 Fuel  P ip ing  A suitable flexible connection of metal- 
lic type shall be provided in the fuel supply line where it connects to 
the engine fuel piping. There shall not be a shutoff valve in the 
fuel return line to the tank. (Fig. A-8-4.6 shows a suggested fuel sys- 
tem.) 

8-5 Engine Exhaust 

8-5.1 I n d e p e n d e n t  Exhaust  Each pump engine shall have 
an independent exhaust system. 

8-5.2 Exhaust  Discharge Location. Exhaust from the en- 
gine shall be piped to a safe point outside the pump room and arran- 
ged to exclude water. Exhaust gases shall not be discharged where 
they will affect persons or endanger buildings. 

8-5.3 Exhaust  Piping.  A seamless or welded corrugated 
(not interlocked) flexible connection shall be made between the 
engine exhaust outlet and the exhaust pipe. This exhaust pipe shMl 
be as short as possible and shall not exceed 15 feet (4.5 m) in length, 
unless the exhaust pipe size is increased not less than one pipe size for 
each five feet (1.5 m) in excess length. The exhaust pipe shall be 
properly insulated from combustible material. 

*8-6 Operation and Maintenance 

8-6.1 Weekly  Run  .Engines shall be started not less than 
once a week and run for not less than 30 minutes, to bring up to 
normal running temperature. They shall run smoothly at rated 
speed. 

8-6.2 Engine Maintenance. Engines shall be kept clean, 
dry, and well lubricated. The proper oil level shall be maintained 
in the crankcase. Oil shall.be changed in accordance with manu- 
facturer's recommendations, but not less frequently than annually. 
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8-6.3 Battery Maintenance 

8-6.3.1 Storage batteries shall be kept charged at all times. 
They shall be tested frequently to determine the condition of the 
battery cells, and the amount of charge in the battery. 

8-6.3.2 Only distilled water shall be used in battery cells. 
The plates shall be kept submerged at all times. 

8-6.3.3 The automatic feature of a battery charger is not a 
substitute for ,proper maintenance of the battery and the charger. 
Periodic inspection of the battery and charger shall be made. This 
inspection shall determine that the charger is operat,ing correctly, 
the water level in the battery is correct, and the battery is holding 
its proper charge. 

8-6.4 Fuel Supply Maintenance. The fuel storage tanks 
shall be full at all times. They shall always be filled by means that 
will insure removal of all water and foreign material. 

"8-6~5 Temperature Maintenance. Temperature of the 
pump room, pump house or area where engines are installed, shall 
never be less than the minimum recommended by the engine manu- 
facturer. This minirnum is generally 70°F (21°C) for diesel en- 
gines. If this is not practicable, automatic heaters shall be installed 
on the engine to maintain the jacket water temperature of liquid 
cooled engines at or near operating temperature, not less than 120°F 
(54°0). 
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Chapter 9 Engine Drive Controllers 

"9-1 Specifications for all Controllers. The specifications in 
this Chapter cover all controllers, both automatic and nonautoma- 
tic, for diesel engines driving fire pumps. 

9-1.1 General 

9-1.1.1 All controllers shall be specifically listed for fire 
pump service. 

9-1.1.2 All controllers shall be completely assembled, wired, 
and tested by the manufacturer before shipment from the factory. 

9-1.1.3 All controllers shall be marked "Fire Pump Con- 
troller" and shall show plainly the name of the manufacturer, the 
identifying designation, and the complete electrical rating. 

9-1.1.4 It  shall be the responsibility of the installing con- 
tractor to make necessary arrangements for the services of a manu- 
facturer's representative, when needed, for installation and adjust- 
ment of the equipment. 

9-1.2 Location 

9-1.2.1 Controllers shall be located as close as is practical 
to the engines they control and shall be within sight of the engines. 

9-1.2.2 Controllers shall be so located or so protected that 
they will not be iiajured by water escaping from pumps or pump con- 
nections. 

9-1.2.3 A clearance of not less than 21/~ feet (0.75 m) shall be 
provided at the rear of controller enclosures designed to be inspected 
and serviced from the rear. 

9-1.3 Construction. 

"9-1.3.1 Equipment .  All equipment shall be suitable for 
use in locations subject to a moderate degree of moisture such as a 
damp basement. Reliability of operation shall not be adversely 
affected by normal dust accumulations. 

9-1.3.2 Mount ing .  All equipment not mounted on the 
engine shall be mounted in a substantial manner on a single non- 
combustible supporting structure. 
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9-1.3.3 Enclosure. The structure or panel shall be 
securely mounted in an enclosure(s) which will protect the equip- 
ment against mechanical injury and falling drops of water striking 
the enclosure from the downward vertical. 

9-1.3.4 Locked Cabinet. All switches required to keep 
the controller in the "automatic" position shall be within locked 
cabinets having break glass panels. 

9-1.3.5 Wiring Diagram. A wiring diagram shall be pro- 
vided and permanently attached to the inside of the enclosure show- 
ing exact wiring for the controller, including a legend of identifying 
numbers of individual components. All wiring terminals shall be 
plainly marked to correspond with the wiring diagram furnished. 

9-1.3.6 Connections and Wiring 

(a) Wiring Elements Wiring elements of the controller 
shall be designed on a continuous-duty basis. 

Exception: Conductors which are in a circuit only during the enginb starting 
period may be designed accordingly. 

(b) Field Wiring. All wiring leading from the panel to 
the engine and to the batteries shall have aeequate carrying capa- 
city. Such wiring shall be protected against mechanical injury. 
Controller manufacturer's specifications for distance and wire size 
shall be followed." 

9-1.3.7 Marking. Each operating component of the 
controller shall 'be marked to plainly indicate an identifying number 
referenced to the wiring diagram. The markings shall be located so 
as to be visible after installation. 

"9-i.3.8 Instructions. Complete instructions covering the 
operation of the controller shall be provided and conspicuously 
mounted on the controller. 

9-1.4 Components 

9-1.4.1 Alarm and Signal Devices on Controller. 
*(a) A pilot lamp(s) sha!l be prox>ided to indicate that 

the controller is in the "automatic" position. The lamp shall be 
accessible for replacement. 

(b) Separate pilot lamps and a common bell shall be pro- 
vided to indicate trouble caused by: 
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(i) Low oil pressure in the lubrication system. The con- 
troller shall provide means for testing the position of the pressure 
switch contacts without causing trouble alarms. 

(ii) High engine jacket water temperature. 

(iii) Failure of engine to start automatically'. 

(iv) Shutdown from overspeed. 

(v) Battery Failure. Each battery shall be provided with 
separate lamps which shall be lighted or extinguished on battery 
failure on attempt to start. 

9-1.4.2 Remote Alarm and Signal Devices When the 
pump room is not constantly attended, audible or visual alarms 
powered by a source other than the engine starting batteries, and 
not exceeding 125 volts, shall be provided at a point of constant at- 
tendance to indicate the following: 

(a) Operation of controller into a pump running condi- 
tion (separat e signal). 

(b) Turning of controller main switch to "off"  or "man-  
ual" position (separate signal). 

*(c) Trouble on the controller or engine. A common 
signal may be used for these trouble indications: items in 9-1.4.1 
(i, ii, iii, iv and v) above, loss of current output of battery charger 
on the load side of the D.C~ overcurrent protective device. 

9-1.4.3 Remote Indication Alarm Contacts. Controllers 
shall be equipped with contacts (open or closed) to operate circuits 
for the conditions in 9--7.4.2. 

"9-1.5 Start ing and  Control. This standard is based on a 
nonautomatic controller being one actuated by manually initiated 
electrical means, and by manually initiated mechanical means; and 
an automatic controller being one also operable as a nonautomatic 
controller. 

9-1.5;1 Automatic Control ler  

(a) Water Pressure Control. A pressure actuated 
switch having high and low calibrated adjustments and responsive 
to water pressure in the fire system shall be provided in the control- 
ler circuit. Suitable provision shall be made for relieving pressure 
to the pressure switch to test the operation of the controller and the 
pump. (See Fig. A-7-5.2'-7.) 

(b) Fire Protection Equipment Control. When the 
pump supplies special water control equipment (deluge valves, dry 
pipe valves, etc.) and it is desired to start the pump before the pres- 
sure switches would do so, the controller shall be equipped to start 
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the pump upon operation of the fire protection equipment. This 
equipment shall be a relay of the drop-out type. The relay shall 
be actuated from a normally closed contact on the fire protection 
equipment, with this circuit supplied by the batteries. 

(c) Sequence Starting. Each controller in multiple pump 
units shall incorporate a sequential timing device to prevent any one 
pump from starting simultaneously with any other pump. If  water 
requirements call for more than one pump to operate, the units shall 
start at intervals of five to ten seconds. Failure of a leading pump 
to start shall not prevent subsequent pumps from starting. 

(d) Sole Supply  Pumps.  For sprinkler or standpipe 
systems where an automatically controlled pump constitutes the sole 
supply, or where required by the authority having jurisdiction, the 
controller shall be wired for manual shutdown. 

*(e) Week ly  P rogram Timer .  To assure dependable 
operation of the engine and its controller, the controlling equipment 
shall be arranged to automatically start the pump at least once a 
week. A solenoid drain valve on the pressure control line shall be 
the initiating means. 

9-1.5.2 Nonautomatic Controller 

(a) Manual Electric Control at Controller. There 
shall be a manually operated switch on the controller panel. This 
switch shall be so arranged that when the pump is started manually, 
its operation cannot be affected by the pressure operated switch and 
the unit will remain in operation until manually shut down. 

I 
(b) Manual Electric Control at Remote Station. Addi- 

tional control stations for causing nonautomatic, continuous opera- 
tion of the pumping unit, independent of the pressure-actuated con- 
trol switch, may be provided at locations remote from the controller. 
Such stations shall not be operable to stop the unit except through 
the established operation of the controller. 

9-1.5.3 Starting Equipment Arrangement 

(a) Two storage battery units, each complying with the re- 
quirements of 8-2.6 Storage Battery, shall be provided and so 
arranged that manual and automatic starting of the pump can be 
accomplished with either battery unit. The  starting current shall 
be furnished by first one battery unit and then the other on suc- 
cessive operations of the starter. The  changeover shall be made 
automatically, except for manual start. 

(b) In the event that the engine does not start after corn- 
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pletion of its "a t tempt  to start" cycle, the controller shall stop all 
further cranking and operate the trouble lamp and 'bell (audible 
alarm). The "a t tempt  to start" cycle shall consist of six crank 
periods of approximately 15 seconds duration separated by five rest 
periods of approximately 15 seconds duration. 

(c) In the event that one battery unit is inoperative, the 
control shall lock-in on the remaining battery unit during the 
cranking sequence. 

(d) When interconnected pumps are used and one or both 
are under automatic control, breakage or disconnection of any 
wires that interconnect the electric motor controller and the engine 
controller, or failure of either power source or controller, shall not 
interfere with the proper operation of the other power source or its 
controller. 

9-1.5.4 Methods of Stopping 

(a) Manual Shutdown. Manual shutdown shall be 
accomplished by: 

(i) Operation of the selector switch on the controller 
panel. 

(ii) Operation of a stop button on the outside of the 
controller enclosure that will cause shutdown through the automatic 
circuits only after starting causes have returned to normal. This 
action shall return the controller to full automatic position. 

(b) Automatic Shutdown after Automatic Start 
(i) If the controller is set up for automatic shutdown 

(optional) after starting causes have been returned to normal, a 
running period timer set for at least 30 minutes shall be used. 

(ii) When the emergency overspeed governor operates, 
the controller shall cause the engine to shut clown without time delay, 
and lock out until manu~ly  reset. 

9-1.5.5 Emergency  Control Automatic control circuits, 
the failure of which could prevent starting, shall be completely by- 
passed for manual control. 
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Chapter 10 Steam Turbine Drive 

10-1 General 

10-1.1 Acceptability. 

10-1.1.1 Steam turbines of adequate power are acceptable 
prime movers for driving fire pumps. The turbines shall be those 
whose reliability has been proved in commercial work. 

10-1.1.2 When gear drives or other power transmission 
devices are used between the pump and the turbine, the horsepower 
requirement of the turbine shall be increased to allow for power 
losses in these transmission devices. 

: 10-1.2 Turbine Capacity. 

10-1.2.1 For steam ,boiler pressures not exceeding 120 psi 
(8 bars) gage, the turbine shall be capable of driving the pump at its 
rated speed and maximum pump load with a pressure as low as 80 
psi (5.5 bars) gage at the turbine throttle, when exhausting against 
atmospheric back pressure, with the hand valve opfn. 

10-1.2.2 For steam boiler pressures exceed'rag 120 psi 
(8 bars) gage, where steam is continuously maintained, a pressure 
70 percent of the usual boiler pressure shall take the place of the 
80 psi (5.5 bars) in 10-1.2.1. 

10-1.2.3 In ordering turbines for centrifugal fire pumps, 
the purchaser shall specify the rated and maximum pump loads at 
rated speed, the rated speed, the boiler pressure, the steam pressure 
at the turbine throttle (if possible), and the steam superheat. 

"10-1.3 Steam Consumption. Prime consideration shall be 
given to the selection of a turbine having a total steam consumption 
commensurate with the steam supply available. When multistage. 
turbines are used, they shall be so designed that the pump can be 
brought up to speed without a "warm up" time requirement. 

"10-2 Turbine. 

10-2.1 Casing and Other Parts 

"10-2.1.1 The casing shall be designed to permit access 
with the least possible removal of parts or piping. 

10-2.1.2 A safety valve shall be connected directly to the 
turbine casing to relieve high steam pressure in the casing. 

10-2.1.3 The main throttle valve shall be located in a 
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horizontal run of pipe connected directly to the turbine. There 
shall be a water leg on the supply side of the throttle valve. This 
leg shall be connected to a suitable steam trap to drain automat- 
ically all condensate from the line supplying steam to the turbine. 
Steam and exhaust chambers shall be equipped with suitable con- 
densate drains. When the turbine is automatically controlled, these 
drains shall discharge through adequate traps. In addition, if the 
exhaust pipe discharges vertically, there shall be an open drain at 
the bottom elbow. This drain shall not be valved but shall dis- 
charge to a safe location. 

10-2.1.4 The nozzle chamber, governor-valve body, pres- 
sure regulator, and other parts through which steam passes, shall be 
made Of a suitable metal to withstand the maximum temperatures 
involved. 

10-2.2 Speed Governor 

10-2.2.1 The steam turbine shall be equipped with a speed 
"governor set to maintain rated speed at maximum pump load. The 
governor shall be capable of maintaining, at all loads, the rated 
speed within a total range of approximately eight percent from no 
turbine load to full rated turbine load: 

(aj with normal .steam pressure and with hand valve 
closed, or 

(b) with steam pressures down to 80 psi (5.5 bars) gage 
(or down to 70 percent of full pressure where this is in excess of 120 
psi (8 bars) and with hand valve open. 

10-2.2.2 While the turbine is running at rated pump load, 
the speed governor shall be capable of adjustment to secure speeds 
approximately five percent above and five percent below the rated 
speed of the pump. 

10-2.2.3 There shall also be provided an independent 
emergency governing device arranged to shut off the steam supply 
at a turbine speed approximately 20 percent higher than the rated 
pump speed. 

10-2.3 Gage and Gage Connections 

10-2.3.1 A listed steam pressure gage shall be provided on 
the entrance side of the speed governor. A 1~ inch (6 mm) pipe 
tap for a gage connection shall be provided on the nozzle chamber 
of the turbine. 

10-2.3.2 The gage shall indicate pressures not less than 11/~ 
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times the boiler pressure, and in no case less than 240 psi (16 bars), 
and shall be marked STEAM. 

10-2.4 Rotor. The rotor of the turbine shall be of suitable 
material. The  first unit of a rotor design shall be type tested in the 
manufacturer's shop at a speed 40 percent above rated speed. All 
subsequent units of the same design shall be tested at a speed 25 
percent above rated speed. 

10-2.5 Shaft 

10-2.5.1 The shaft of the turbine shall be of high-grade 
steel, such as open-hearth carbon steel or nickel steel. 

10-2.5.2 Where the pump and turbine are assembled as 
independent units, a flexible coupling shall be provided between the 
two units. 

10-2.5.3 Where an overhung rotor is adopted, the shaft 
for the combined unit shall be in one piece, with only two bearings. 

10-2.5.4 The critical speed of the shaft shall be well above 
the highest speed of the turbine so that the turbine will operate at all 
speeds up to 120 percent of rated speed without objectionable vibra- 
tion. 

10-2.6 Bearings. Turbines having sleeve bearings shall 
have their bearing shells and caps of the split type. 

Exception: Tucbines having ball bearings may be accepted after they have 
established a satisfactory record in the commercial field. Means shall be 
provided to give visual indication o] the oil levd. 

"10-3 Installation .Details of steam supply, exhaust and boiler 
feed need to be carefully planned to provide reliability and effective 
operation of a steam turbine driven fire pump. 
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Chapter 11 Fire Pumps for High-rise Buildings 

11-1 General. 

11-1.1 Application. Fire pumps may be necessary for fire 
control and extinguishing systems in a high-rise building, as deter- 
mined by an evaluation of the water supply requirements and sys- 
tems design conditions for the particular structure. 

11-1.2 Use. Fire pumps ma~, be used for automatic sprinkler 
systems, standpipe andhose systems, and combined systems (auto- 
matic sprinkler systems having standpipe-type hose outlets for fire 
department use). For requirements of each of these systems refer 
to the Standard for the Installation of Sprinkler Systems, NFPA No. 13, 
1974, Chapter 2, Water Supplies, Chapter 8, High-Rise Buildings and 
to the Standard.for the Installation of Standpipe and Hose Systems, ArFPA 
No. 14, 1973, Section 14, Combined Systems, and Chapter 5, Water 

• Supplies. 

11-1.3 Scope. This Chapter requires compliance with all 
other Chapters of this standard except as otherwise specified herein. 

11-2 Pump. 

11-2.1 Pumps. Pumps shall bc specifically listed for fire 
service. They shall be used in accordance with their design limita- 
tions, to serve specially zoned fire protection systems in high-rise 
buildings. Where the design conditions of the fire protection 
system exceed the design limitations of a listed fire pump, the pump 
shall be specially designed to meet the special requirements of its 
duty, in accordance with the approval of the authority having juris- 
diction. 

11-2.2 Unit Assembly Required. The pumping equip- 
ment shall be furnished in accordance with the provisions o/ /-5 of this 
standard. 

11-2.3 Pump Construction Feature. Where a nonlisted 
pump must be used for high pressure service, its pressure containing 
parts shall be so designed as to be capable of withstanding, without 
rupture, the hydrostatic test requirements of 2-12.2. 

11-3 Installation. The pump installation shall conform to the 
applicable provisions o.[2-6, 2-7, 2-8, 2-9, 2-10, 3--3.4, 3-5, and 3-6. 

11-4 Driver. 

11-4.1 General. Diesel engines or'electric motors are accep- 
table for driving fire pumps in high-rise buildings. 
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114.2 Power Supply. 
11-4.2.1 Power for driving fire pumps in high-rise buildings 

shall be selected on the basis of adequacy, reliability, and safety. 

"11-4.2.2 Where electric motors are used and the height of 
the structure is beyond the pumping capability of the fire depart- 
ment apparatus, a reliable emergency source of power shall be pro- 
vided for the fire pump installation. 

11-4.2.3 This emergency source of power may be provided 
either by standby engine-driven fire pumps or by part of other estab- 
lished requirements for emergency power sources for services essen- 
tial to the safety and welfare of high-rise building occupants. 

11-5 Controllers for Drivers 
11-5.1 General. Pumps shall be arranged to operate either 

automatically or manually, depending on the type of fire protection 
systems served, the character of the water supplies, and the vertical 
zoning established for the fire protection systems in the high-rise 
building. (See 17-1.2.) 

"11-5.2 Listed Controllers. Listed fire pump controllers 
shall be used in accordance with their design limitations and they 
shall comply with the applicable sections of this standard that pre- 
scribe these controls. 

11-6 Tests 
11-6.1 Shop Test. Each pump shall be shop tested in accor- 

dance with 2-12. 

11-6.2 Field Acceptance Tests 
11-6.2.1 Upon completion of the entire fire pump installa- 

tion, an operating test shallbe made in the presence of the purchaser, 
local fire officials, pump and controller representatives, and repre- 
sentative of the authority having jurisdiction. All applicable provisions 
of 12-1 shall be foUowed. 

11-6.2.2 It shall be the responsibility of the installing con- 
tractor to make the necessary arrangements for the services of manu- 
facturers' representatives when needed for installation and adjust- 
ments of the equipment. In addition, the supplier of the fire pumps 
and controls shall provide the services of their representatives to 
instruct owner's operating and maintenance personnel about the 
systems. 

11-7 Unit Purchase Pumps, drivers, controllers and all neces- 
sary attachments shall be purchased under unit contracts, stipu- 
lating compliance with this standard and satisfactory performance 
of the entire unit when installed. 
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Chapter 12 Acceptance, Operation and Maintenance 

"12-1 Field Acceptance Tests 

12-1.1 Those Present. The pump manufacturer shall have 
an engineer present at the field acceptance tests when requested by 
the installing contractor. 

12-1.2 The field acceptance test results shall be as good as 
the manufacturer's certified shop test characteristic curve for the 
pump being tested within the accuracy limits of the test equipment. 
(See Fig. A-3--2.1.) 

12-1.3 Overhea t ing .  As installed, at operating speed, the 
pump shall be able to operate at peak load conditions without objec- 
tionable heating of-the bearings or of the prime mover. The operat- 
ing pump speed shall be the speed at which the pumping unit would 
be expected to operate during a fire. 

Example: 
(a) A squirrel cage electric motor has no speed control 

and would normally drive the pump slightly in excess of rated pump 
speed at all loads. 

(b) Combustion engines and steam turbines under manual 
control (and automatic control where speed adjustment is easily 
obtained) have their speed adjusted to rated pump speed at maxi- 
mum (peak) pump load. 

12-1.4 Operating Conditions 

12-1.4.1 by varying the number and size of the discharge 
outlets in connection with tests (12-1.2) the operating conditions 
under minimum to peak loads shall be determined. 

12-1.4.2 During such test: , 

(a) For electric motors at rated voltage (and on a.c. motors 
at rated frequency), the full load ampere rating shall not be exceeded 
(except as allowed by the service factor stamped on the nameplate) 
under any conditions of pump load. 

(b) For electric motors under conditions of acceptable 
high or low voltage, the product of the rated voltage (and on a.c. 



20-70 CENTRIFUGAL F I R E  PUMPS 

motors at rated frequency) and rated full load current shall not be 
exceeded (except as allowed by the service factor stamped on the 
nameplate). The voltage at the motor should not vary more than 
five percent below or 10 percent above rated (nameplate) voltage 
during test. (See 6-3.3.2.) 

(c) An internal combustion engine shall not show signs of 
overload or stress and its governor shall properly regulate the speed. 
(See 8-2.4.1.) 

(d) A steam turbine shall maintain its speed within the 
limits specified in 10-2.2. 

12-1.4.3 With discharge outlets open (corresponding to the 
outlets used in test at peak load) pump shall be started and brought 
up to rated speed ~/ithout interruption due to opening of circuit 
breaker or other cause. 

12-1.5 Controllers 

12-1.5.1 Manual controllers for pumps shall be put  through 
not less than ten complete operations. 

12-1.5.2 Automatic controllers shall be put through not 
less than ten automatic and ten manual operations. 

12-1.5.3 A running interval of at least five minutes at full 
speed shall be allowed before repeating the starting cycle. 

12-1.5.4 Automatic operation of the controller shall start 
the pump from all the provided starting features, such as pressure 
switches, deluge valves, etc. 

12-1.5.5 Electric motor shall attain rated speed within ten 
seconds. 

12-1.6 Emergency Governor. On turbines for pumps the 
emergency governor valve shall be tripped. (Hand tripping will be 
accepted.) 

12.1.7 Length of Test. The pump shall be in operation not 
less than one hour (total time) during the foregoing test§. 

12-2 Operating Instructions for Centrifugal Fire Pumps 

12-2.1 At the Alarm. 

12-2.1.1 When an alarm is given, do not wait to see how 
serious the fire may be, but get pump started as soon as possible and 
maintain its rated speed, pumping into sprinkler and hydrant  sys- 
tems. 
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12-2.1.2 Do not be afraid to run a centrifugal fire pump  at 
its full rated speed, even if the demand for water is small. The  
characteristic curve or the relief valve will usually keep pressures 
within reasonable limits. 

NOTE: The best way to prevent a small fire from becoming a large one 
is to give the sprinklers a liberal high pressure water supply at the start. 
Fifty open sprinklers may take the full capacity of a 750-gpm pump. Even 
with a good public water supply the opening of a large number of sprinklers 
often materially reduces the pressure so that  the  pumps  are  neededto  rein- 
force the  public supply and insure ample water at good pressure. 

"12-2.2 To Start A Centrifugal Pump. 

12-2.2.1 Never start or run a centrifugal pump before 
priming or first filling casing with water;  "otherwise the interior 
wearing rings that depend on water for lubrication may be damaged 
and the pump made inoperative. 

12-2.2.2 I f  pump is primed from a tank or other gravity sup- 
ply, the pump may be started as soon as water  shows at vent cocks. 
If  primed by an exhauster, action of the device will indicate when 
casing is filled with water. 

12-2.2.3 Close attention shall be given to the bearings and 
stulfing boxes during the first few minutes of running to see that there 
is no heating up or need of adjustment. With water seal supplied 
with water, a small leak at stuffing box glands is necessary to seal, 
lubricate and cool the packing. The suction inlet gage as well as 
the discharge pressure gage shall be read occasionally to see that  
inlet is not obstructed b y  a choked screen or foot valve. 

12-2.3 Replacement  storage batteries shall comply with the 
performance requirements of 8-2.6. 

12-3 Care of Pump 

"12-3.1 Year ly  Test. A yearly test shall be made at full 
capacity and over to make sure that neither pump nor suction pipe 
is obstructed. 

12-3.2 K e e p i n g  of Pump Room. Pump rooms shall be 
kept clean, orderly, free from misceUancous storage, well lighted and 
heated. 

12-3.3 Readiness.  The pump shall always be kept ready to 
start at a moment 's  notice. 
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R E F E R E N C E  P U B L I C A T I O N S  

The following is not part of this avFPA. Standard but is included for information pur- 
poses only. 

1 NFPA Standards.  This standard makes reference to the following NFPA 
codes and standards and the year dates shown indicate the latest editions avail- 
able at the time of preparation of this standarc~, 

(a) NFPA No. 13 - 1974, Standard for the Installation of Sprinkler Systems 

(b) avFPA No. 14 - 1973, Standard/or the Installation of Standpipe and Hose Systems. 

(c) avFPA No. 15 - 1973, Standard for Water Spray Fixed Systems for Fire Protection. 

(d) ./VFPA avo. 16 - 1974, Standard for the Installation of Foam-Water Sprinkler 
Systems and Foam-Water Spray Systems 

(e) avFPA aVo. 24 - 1973, Standard for Outside Protection 

(f) aVFPA No. M - 1974, Standard for the Installation of Oil Burning Equipment 

(g) NFPA No. 70- 1974, National Electrical Code 

(h) NFPA No. "194 - 1974, Standard for Screw Threads and Gaskets for Fire Hose 
Couplings 

2 Othe r  Codes.and Standards.  T h h  standard makes reference to the follow- 
ing codes and standards and the year dates shown indicate the latest editions 
available at the time of preparation of this standard. 

(a) ANSI  C37.27 - 1972, IEEE Application Guide for Low Voltage aVon-Integrated 
Fused Power Circuit Breakers (using separately mounted current limiting fuses )'American 
National Standards Institute, 1430 Broadway, New York, N.Y. 10018. 

(b) Hydraulic Institute Standards for Centrifugal, Rotary and Reciprocating Pumps, 
Twelfth Edition - 1969, Hydraulic Institute, 122 East 42nd Street, New York, 
N.Y. 10017 

(e) International Standard (ISO) 1000, First edition - -  1973-02-01, SI Units 
and Recommendntions for the Use of Their Multiples and of Certain Other Units, Inter-  
national Organization for Standardization, printed and available from Ameri- 
can National  Standards Institute, 1430 Broadway, New York, N.Y. 10018. 

(d) IEEE No. 141, Electric Power Distribution for Industrial Plants, Institute 
of Electronic and Electrical Engineers, 345 East 47th Street, New York, N. Y. 
10017. 

(e) IEEE No. 241, Electric Systems for Commercial Buildings, Institute of Elec- 
tronic and Electrical Engineers, 345 East 47th Street, New York, N. Y. 10017. 

(f) N E M A  Standard MG1 - -  Parts 1, 2, and 14, National Electrical Manu-  
facturers Association, 155 East 44th Street, New York, N. Y. 12305. 
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Appendix A 

This Appendix contains recommended practices and explanatory 
material. I t  is to be considered as information supplementary to the 
standard text. F o r  convenience, the section, subsection, and sub- 
subsection identification numbers are the same as those in the 
standard text to which they pertain, with the letter "A"  to refer to 
this Appendix. 

This Appendix is not a part of this NFPA Standard for the Installation of 
Centrifugal Fire Pumps but is included for information purposes only. 

A-2-1.1 For water  supply capacity a n d  pressure requirements, 
refer to: 

(a) Standard for the Installation of Sprinkler Systems, NFPA No. 13, 
1974, Chapter 2. 

(b) Standard/or the Installation of Standpipe and Hose Systems , NFPA 
No. 14, 1973, Chapter 5. 

(c) Standard for Water Spray Fixed Systems for Fire Protection, NFPA 
No. 15, 1973, Chapter 3. 

(d) Standard for the InstaUation of Foam-Water Sprinkler Systems and 
Foam-Water Spray Systems, NFPA No. 16, 1974, Section 3. 

(e) Standard for Outside Protection, NFPA No. 24, 1973, Chapter 2. 

A-2.1.3 Water sources containing salt or other materials dele- 
terious to the fire protection systems should be avoided. 

A-2-4 Pressure maintenance (jockey or make-up) pumps 
should be used when it is desirable to maintain a uniform or rela- 
tively high pressure on the fire protection system. 

A-2-4.4 A centrifugal-type pressure maintenance pump is pref- 
erable. 

A-2-8.1 I m p a i r m e n t  A fire pump  which is inoperative for any 
reason at any time, constitutes an impairment  to the fire protection 
system. I t  should be returned to service without delay. 

A-2-8.2 Some locations or installations may not require a pump 
housing. When 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 detached building of noncombus- 
tible 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. When a detached building 
is not feasible, the pump room should be so located and constructed 
as to protect the pump unit and controls from falling floors or 
machinery, and from fire that might drive away the pump operator 
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~ H o s e  Indicating header gate valve Check 
~ valve 

I f 
I 

- 

From tank or tank fill line Jockey pump 

Check Valve _ ~  IndicatingvalveGate ~ Hose Header 
Fig. A-224.3 Jockey Pump Installation with Fire Pump. 

NOTE (a): A jockey pump is usually required with automatically con- 
trolled pumps. 

NOTE (b) : Jockey pump suction may come from the tank failing supply 
line. This would allow high pressure to be maintained on the fire protec- 
tion system even when the supply tank may be empty for repairs. 

or damage  the p u m p  unit  or controls. Access to the p u m p  room 
should be provided from outside the building. Where  the use of  
brick or reinforced concrete is not  feasible, metal lath and  plaster is 
r ecommended  for the construction of the p u m p  room. The  p u m p  
room or p u m p  house s h o u l d  not  be used for storage purposes. 
Vertical shaft turbine-type pumps  m a y  require a removable  panel 
in the p u m p  house roof to permit  the p u m p  to be removed for 
inspection or repair. 

A-2-8 .6  " P u m p  rooms and p u m p  houses should be dry  and free 
of condensate. Some heat  m a y  be required to accomplish this. 
The  p u m p  room or p u m p  house should be provided with a floor 
drain which will discharge to a frost-free location. 

A-2-9 .2  The  exterior of steel piping should be kept  painted. 
Buried piping should be protected in the same manner  as specified 
for suction and yard  piping. Buried pipe m a y  be of the cement-  
asbestos type. 

A-2-9 .4  Large  fire protection systems sometimes experience 
severe water  h a m m e r  caused by back flow when the automat ic  con- 
trol shuts down the fire pump.  Where  conditions may  be expected 
to cause objectionable water  hammer ,  a listed an t i -water -hammer  
check valve should be installed in the discharge line of the fire 
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pump. Automatically controlled pumps in high buildings might 
give trouble from water  hammer  as the pump is shutting down. 

A-2-9.6.6 The relief valve cone should be piped to a point where 
water can be freely discharged, preferably outside the building. I f  
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. 

A-2-9.6.9 When the relief valve discharges back to the source of 
supply, the back pressure capabilitics and limitations of the valve 
to be used should be determined. It may be necessary to increase 
the size of the rclicf valve and piping ovcr the minimum, to obtain 
adequate relief capacity due to back pressure restriction. 

A-2-9.7 Breakage of piping caused by movement  can be greatly 
lessened, and in many  cases prevented, by increasing flexibility be- 
tween major parts of the piping. One part  of the piping should 
never be held rigidly and another be free to move, without pro- 
visions for relieving the strain. Flexibility can be provided by the use 
of flexible couplings at critical points, and by allowing clearances a t  
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 No. 13, A-3.10.3.) 

A-2-9.7.1 Holes through pump  room fire walls should be packed 
with mineral wool or other suitable material held in place by pipe 
collars on each side of the wall. Pipes passing through foundation 
walls or pit walls into ground should have clearance from these walls 
walls but holes should be watertight. Space around pipes passing 
through pump room walls or pump house floors may be filled with 
asphalt mastic. 

A-2-10.2.1(a) & A-2-10.2.3 

Table A-2-10.2.1 (a) 

Minimum Metering Device Size 

Meter Size Meter Size 
Pump Capacity Notru Pipe Diam. Pump Capacity Norm Pipe Diam. 
gpm .lpm in. mm gpm lpm in. mm 

150 568 2~.~ 63 1,250 4,731 6 152 
200 757 3 76 1,500 5,677 8 203 
250 946 3 ~  89 2,000 7,570 8 203 
300 1,355 3~.~ 89 2,500 9,462 8 203 
450 1,703 4 102 3,000 11,355 8 203 
500 1,892 5 127 3,500 13,247 10 254 
750 2,839 5 127 4,000 15,140 10 . 254 

1,000 3,785 6 152 4,500 17,032 10 • 254 
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Note 6 to ~ N o t e  2 ~  
drain or ~ IMI 
pump water -I"Note 5 LLLLJ 
source By-pass %/ 

Hose header (if needed for hose streams) 

y~Note 1 

Flow Meter ~ Jockey Pump 

Jr 

Jr 
: To 

Jr system 

_ •  Indicating Gate 
Valve 

• - ~  Fire Pump ~ Check Valve - ~  Hose Header 

Fig. A-2-10.2.1 (e) Dial .am of Preferred Arrangement for Measuring 
Fire Pump Water Flow wxth Meter. Water Discharge to Drain or to Pump 

Water Source. 

Hose header (if needed for hose streams) Note 4 

~ ,  Note 1---,- 

Note6~ -}- By pass ' ~ - I  

Note 3 (if of value) ~ | 

From -I- ~ ~ "Jr , To 

supply 71"- -I" system 

----f2]> 

Valve 

D FirePump Valve ~ Hose Header .__>__ Check 

Fig. A-2-10.2.1 (d) Diagram of Arrangement for Measuring Fire Pump 
Water Flow with Meter. Discharge Water Return to Pump Suction. (Not 

Recommended) 
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NOTE 1 - -  Distance as recommended by the meter manufacturer. 

NOTE 2 - -  Distance as recommended by the meter manufacturer. 

NOTE 3 - -  Distance not less than five diameters of suction pipe for top or 
bottom suction connection. Distance not less than 10 diameters of suction 
pipe for side connection (not recommended). 

N O T E  4 - -  Automatic air release ff piping forms an inverted "U", trap- 
ping air. 

N O T E  5 - -  Valve needed if piping discharges to water supply under pres- 
sure. 

NOTE 6 -- The arrangcmcnt shown in Fig. A-2-I0.2.1 (d) is not rccom- 
mendcd becansc the following problems may arise: 

(a) I t  does not test the condition of the suction supply, valves, piping, etc. 

(b) Return piping should be so arranged that no air can be trapped that 
would eventually end up in the eye of the pump impeller. 

"(c) Turblence in the water entering the pump must be avoided to elimin- 
ate cavitation that would reduce pump discharge and damage the pump 
impeller. For this reason, side connection is not recommended. 

(d) Prolonged recirculation can cause damaging heat build, unless some 
water is wasted. 

N O T E  7 - -  Flow meter must be installed according to manufacturer's in- 
structions. 

A - 2 - 1 0 . 2 . 1  (b) M e t e r i n g  devices  shou ld  d i scha rge  to d ra in .  

Exception: In the case of a limited water supply, the discharge should be 
back to the water source (suction tank, small pond, etc.). I f  this discharge 
enters the source below minimum water level, it is not likely to create an air 
problem for the pump suction. I f  it enters over the top of the source, the air 
problem is reduced by extending the discharge to below the normal water level. 
Piping the metering device discharge back to the pump suction is not recom- 
mended as this arrangement does not test water flow in the suction supply and 
in piping upstream of the connection to the pump suction. 

A - 2 - 1 0 . 3 . 1  T h e  hose va lves  shou ld  be  a t t a c h e d  to  a h e a d e r  o r  
m a n i f o l d  arid c o n n e c t e d  by su i t ab le  p i p i n g  to the  p u m p  d i scha rge  
p ip ing ,  a t  a p o i n t  b e t w e e n  the  d i scha rge  check  v a l v e  a n d  the  dis-  
c h a r g e  ga t e  va lve .  T h e  hose va lves  shall  be  l oca t ed  to a v o i d  a n y  
possible w a t e r  d a m a g e  to the  p u m p  d r i v e r  o r  con t ro l l e r ,  a n d  t h e y  
shou ld  be outs ide  the  p u m p  r o o m  or  p u m p  house.  I f  t he re  a re  o t h e r  
a d e q u a t e  p u m p  tes t ing  facilities, the  hose va lve  h e a d e r  m a y  be  
o m i t t e d  w h e n  its m a i n  func t i on  is to p r o v i d e  a m e t h o d  of  p u m p  test- 
ing. W h e n  the  hose h e a d e r  also serves as t he  e q u i v a l e n t  of  a y a r d  
h y d r a n t ,  t h i s  omiss ion should  n o t  r e d u c e  the  n u m b e r  of  hose  va lves  
to less t h a n  two.  
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Fig. A-2-13.1 Horizontal Pump S h a f t  R o t a t i o n  1 

tDiagram reprinted from Hydraulic Institute Standards for Centrifugal Rotary 
and Reciprocating Pumps; Twelfth Edition. Copyright by the Hydraulic 
Institute, 122 East 42nd Street, New York, N. Yr. 10017. 

A-2-13 Rotation of Pumps.  Pumps are designated as having 
right-hand or clockwise (CW)ro ta t ion ,  or left-hand or counter- 
clockwise (CCW) rotation• 

A-2-13.1 Hor izonta l  P u m p  Shaft  Rotation. To determine 
the rotation of a horizontal pump, stand at the driver end facing the 
pump. If the top of the shaft revolves from the left to the right, the 
rotation is right-hand or clockwise (CW). If the top of the shaft 
revolves from right to left, the rotation is left-hand or counter-clock- 
wise (CCW). 

A-2-13.2 Vert ical  P u m p  Shaft Rotation. To determine the 
rotation of a vertical pump, look down upon the top of the pump. 
If  the point of the shaft directly opposite revolves from left to right, 
the rotation is right-hand or clockwise (CW). If the point of the 
shaft directly opposite revolves from right to left, the rotation is left- 
hand or counter-clockwise (CCW). 

A-2-14 In addition to those conditions which require alarm sig- 
nals for pump controllers and engines, there are other conditions 
for which they might be recommended, depending upon local con- 
ditions. Some of these supervisory alarm conditions are: 

(a) Pump Room Temperature.  

(b) Relief Valve Discharge. 
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Fig. A-2-13.2 Vertical 
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CLOCKWISE ROTATION 

=Diagram reprinted from Hydraulic Institute Standards/or Centrifugal, Rotary 
and Redprocating Pumps, twelfth edition. Copyright by the Hydraulic 
Institute, 122 East 42nd Street, New York, N. Y. 10017. 

(c) Flow Meter Left "On,"  Bypassing the Pump. 

(d) Water Level in Suction Supply Below Normal. 

(e) Water Level in Suction Supply Near Depletion. 

(f) Diesel Fuel Supply Below Normal. 

(g) Steam Pressure Below Normal. 

Such additional alarms may be incorporated with the trouble alarms 
already provided on the controller, or they may be independent. 
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Fig. A-3-2.1 Pump Characteristic Curves 

A-3-3.1 Where the suction supply is from public service mains, 
pump operation at 150 percent of rated capacity should not draw the 
residual suction pressure at the pump below 20 psi (1.4 bars). Where 
the suction supply is from factory use water systems, pump opera- 
tion at 150 percent of rated capacity should not create hazardous 
process upsets due to low water pressure. 

A-3-3.4.1 (b) The exterior of steel suction 'piping should be 
kept painted. 

( 
A-3-3.4.6 Where the suction supply is from public water mains, 

the gate valve should be located at the suction flange on the pump. 
Where it comes from a stored water container, the gate valve should 
be located at the outlet of the container. 

A-3-5.3 A substantial foundation is important  in maintaining 
alignment. The foundation should preferably be made of rein- 
forced concrete. 
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Check Valve I 
Fig. 143 e. 

Fig. A-3-3-4.4 Schematic Diagramof Suggested Arrangemen~for a Fire 
Pump with a By-Pass,  T a k i n g  Suction fromPublicMains.  

N O T E  1 - - A  jockey p u m p  is usually required with automatical ly con- 
trolled pumps.  

N O T E  2 - -  I f  testing facilities are to be provided,  also refer to Figs. A-2-10. 
2.1.(¢) and A-2-10 .2 . i  (d). 

A-3-6 Pumps and drivers that  were shipped from the factory 
with both machines mounted on a common base plate, were accu- 
rately aligned before shipment. All base plates are flexible to some 
extent and, therefore, must not be relied upon to maintain the fac- 
tory 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 re-checked periodically. To  
faciliate accurate field alignment, most manufacturers either do not 
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aDiagram reprinted from Hydraulic Institute Standards for Gentrifugal, Rotary 
and Reciprocating Pumps; twelfth edition. Copyright by the Hydraulic Insti- 
tute, 122 East 42nd Street, New York, N. Y. 10017. 
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dowel the pumps  or drivers on the base plates before shipment,  or at 
most dowel the p u m p  only. 

After the p u m p  and  driver  un i t  has been placed on the foundation 
the coupl ing halves should be disconnected. The  coupling should 
not  be reconnected unt i l  the a l ignment  operations have been com- 
pleted. 

I 

Fig. A-3-4.1 Horizontal Split-Case Fire Pump Installation with Water 
Supply under a Positive Head. 

1. Above-Ground Suction Tank. 9. Horizontal Split-Case Fire Pump. 
2. Entrance Elbow and 4 ft. x 4 ft. 10. Automatic Air Release. 

(1.2 m x 1.2 m) square vortex 11. Discharge Gage. 
plate. Distance above bottom of 12. Reducing Discharge Tee. 
tank--one-half diameter of 13. Discharge Check Valve. 
suction pipe with a minimum of 14. Relief Valve (if required). 
6 in. (152 rnm). 15. Discharge Pipe. 

3. Suction Pipe. 16. Drain Valve or Ball Drip. 
4. Frostproof Casing. 17. Hose Valve Manifold with Hose 
5. Flexible Couplings for strain Valves. 

relief. 18. Pipe Supports. 
6. O.S. & Y. Gate Valve (see 3-3.4.6 

and A-3-3.4.6). 
7. Eccentric Reducer. 
8. Suction Gage. 
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A flexible coupling should not be used to compensate for mis- 
alignment of the pump and driver shafts. The  purpose of the flexi- 
ble 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 driyer to the pump. 

There are two forms of misalignment between the pump shaft and 
the driver shaft, as follows: 

(a) Angular m i s a l i g n m e n t -  shafts with axes concentric but 
not parallel. 

(b) Parallel m i s a l i g n m e n t -  shafts with axes parallel but not 
concentric. 

The  faces of the coupling halves should be spaced 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 
approximately checking the alignment of a flexible coupling are a 
straight edge and a taper gage or a set of feeler gages. 

A check for angular alignment is made by inserting the taper gage 
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. The unit will be in angular align- 
ment when the measurements show that the coupling faces are the 
same distance apart at all points. 

A check for parallel alignment is made by placing a straight edge 
across both coupling rims at the top, bottom and at both sides. 
The unit will be in parallel alignment when the straight edge rests 
evenly on the coupling rim at all positions.. Allowance may be 
necessary for temperature changes and for coupling halves that are 
not of the same outside diameter. Care must be taken to have the 
straight edge parallel to the axis 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. Adjust- 
ment in one direction may disturb adjustments already made in 
another direction. I t  should not be necessary to adjust the shims 
under the pump. 

The permissible amount of misalignment will vary with the type 
of pump and driver. 

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 
m place. Foundation bolts should not be fully tightened until the 
grout is hardened, usually about 48 hours after pouring. 
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Checking Angular Alignment 4 

Checking Parallel Alignment 
'Diagram reprinted from Hydraulic Institute Standards for Centrifugal, Rotary 
and Reciprocating Pumps; Twelfth Edition. Copyright by the Hydraulic Insti- 
tute, 122 East 42nd Street, New York, N. Y. 10017. 
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After the grout has set and the foundation bolts have been prop- 
erly 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 again 
checked. 

The direction of rotation of the driver should be checked to make 
certain that it matches that of the pump. The  corresponding direc- 
tion 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 then should be operated under normal 
operating conditions until temperatures have stabilized. I t  then 
should be shut down and immediately checked again for alignment 
of the coupling. All alignment checks must be made with the 
coupling halves di~zonnected and again after they are connected. 

After the unit has been in operation for about 10 hours or three 
months, the coupling halves should be given a final check for mis- 
alignment caused by pipe strains or temperature strains. If the 
alignment is correct, both pump and driver should be dowelled to 
the base plate. The location of the dowels is very important and the 
manufacturer's instructions should be obtained, especially if the unit 
is subjected 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: 

(a) Settling, seasoning or springing of the foundation. Pipe 
strains distorting or shifting the machine. 

(b) Wear of the bearings. 

(c) Springing of the base plate by heat from an adjacent steam 
pipe or from a steam turbine. 

(d) Shifting of the building structure due to variable loading 
or other causes. 

It  may be necessary to slightly readjust the alignment, from time 
to time, while the unit and foundation are new. 

A-4-1 Supervision of Installation. Satisfactory operation of 
vertical turbine-type pumps is dependent to a large extent upon 
careful and correct installation of the unit; therefore, it is recom- 
mended that this work be done under the direction of a representa- 
tive of the pump manufacturer. 

A-4-2.1.1 Water  Supply  Source. 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. 


