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N O T I C E  

All ques t ions  or  o the r  c o m m u n i c a t i o n s  r e l a t ing  to this d o c u m e n t  should be sent only to NFPA H e a d -  
qua r t e r s ,  addressed  to the a t t en t ion  of the C o m m i t t e e  responsible  for the d o c u m e n t .  

For  i n f o r m a t i o n  on the p rocedures  for r eques t ing  Techn ica l  Commi t t ee s  to issue Fo rma l  In te rp re ta -  
tions, p ropos ing  Ten ta t ive  In te r im A m e n d m e n t s .  p ropos ing  a m e n d m e n t s  for C o m m i t t e e  cons idera t ion ,  a n d  
appea l s  on  ma t t e r s  r e l a t ing  to the con ten t  of  the d o c u m e n t ,  write to the  Secre tary .  S t a n d a r d s  Counci l ,  Na-  
t ional  Fire Pro tec t ion  Associat ion,  B a t t e r y m a r c h  Park ,  Qu incy ,  MA 02269.  

A s ta tement ,  wr i t ten  or oral ,  tha t  is not  processed in a c c o r d a n c e  with Section 16 of the Regula t ions  
Gove rn ing  C o m m i t t e e  Projects  shall  not be cons idered  the official  posi t ion of NFPA or  any  of  its C o m m i t -  
tees a n d  shall not  be cons idered  to be, nor  be relied u p o n  as, a Fo rma l  In t e rp re t a t ion .  

Users of  this d o c u m e n t  should  consul t  app l i cab l e  Federa l ,  Sta te  a n d  local  laws a n d  regula t ions .  NFPA 
does not ,  by the pub l i ca t i on  of this d o c u m e n t ,  in tend  to urge  ac t ion  which  is not in c o m p l i a n c e  with ap- 
p l icable  laws a n d  this d o c u m e n t  m a y  not  be cons t rued  as d o i n g  so. 

P o l i c y  A d o p t e d  by  N F P A  B o a r d  of D i r e c t o r s  o n  D e c e m b e r  3, 1982 

T h e  B o a r d  of  Direc tors  r ea f f i rms  tha t  the Na t iona l  Fire P ro tec t ion  Associa t ion recognizes tha t  the  tox 
icity of the p r o d u c t s  of  combus t i on  is an  i m p o r t a n t  f ac to r  in the loss of  life f rom fire. N F P A  has dea l t  with 
t ha t  subject  in its t echnica l  c o m m i t t e e  d o c u m e n t s  for m a n y  years.  

T h e r e  is a conce rn  tha t  the g r o w i n g  use of  synthet ic  mate r ia l s  may  p r o d u c e  more  or add i t iona l  toxic 
p roduc t s  o f  combus t i on  in a fire env i ronmen t .  T h e  B o a r d  has,  tberefore ,  asked all N F P A  t echn ica l  commi t -  
tees to review the d o c u m e n t s  for  which  they are  responsible  to be sure  tha t  the d o c u m e n t s  r e spond  to this 
cu r r en t  conce rn .  T o  assist the commi t t ees  in mee t i ng  this request ,  the B o a r d  has a p p o i n t e d  an advisory 
c o m m i t t e e  to provide specific g u i d a n c e  to the technica l  commi t t ees  on quest ions  re la t ing  to assessing the 
haza rds  of  the p roduc t s  of  combus t i on .  

L i c e n s i n g  P r o v i s i o n  

This  d o c u m e n t  is c o p y r i g h t e d  by the Na t iona l  Fire P rn tec t ion  Associat ion (NFPA) .  T h e  t e rms  a n d  con- 
di t ions  set fi)rth below do  not  ex tend  to the index to this d o c u m e n t .  If pub l ic  au thor i t i es  a n d  others  
re fe rence  this d o c u m e n t  in laws, o rd inances ,  r egu la t ions  a n d  admin i s t r a t ive  o rders  or  s imi la r  i n s t rumen t s ,  it 
shou ld  be with the u n d e r s t a n d i n g  tha t  this d o c u m e n t  is in fo rmat ive  in n a t u r e  a n d  does not  con ta in  m a n -  
d a t o r y  r equ i rement s .  Any delet ions,  addi t ions ,  a n d  changes  desired by the a d o p t i n g  au tho r i t y  must  be 
no ted  separa te ly .  Those  us ing this m e t h o d  ( " a d o p t i o n  by reference")  are  reques ted  to not i fy the NFPA (At- 
tent ion:  Secre tary ,  S t a n d a r d s  Counci l )  in wr i t ing  of such use. 

T h e  te rm " a d o p t i o n  hy re ference"  means  the c i t ing  nf the title and  pub l i sh ing  i n f o r m a t i o n  only. 

(For f u r t h e r  e x p l a n a t i o n ,  see the Policy C o n c e r n i n g  the Adop t ion ,  P r i n t i n g  a n d  Pub l i ca t ion  of  N F P A  
D o c u m e n t s  which  is ava i lab le  u p o n  request  f rom the N F P A . )  

S t a t e m e n t  o n  N F P A  P r o c e d u r e s  

This  m a t e r i a l  has been  deve loped  u n d e r  the publ i shed  p rocedures  of the Na t iona l  Fire P ro tec t ion  
Associat ion,  which  are  des igned  to assure the a p p o i n t m e n t  of technica l ly  c o m p e t e n t  Commi t t e e s  hav ing  
b a l a n c e d  rep resen ta t ion .  Whi le  these p rocedures  assure  the highest  degree  o f  care ,  ne i ther  the Na t iona l  Fire 
Pro tec t ion  Associat ion,  its member s ,  nor  those p a r t i c i p a t i n g  in its activities accepts  any  liabili ty resul t ing  
f rom c o m p l i a n c e  or n o n c o m p l i a n c e  with the provisions given herein,  for any  restr ict ions imposed  on 
ma te r i a l s  or  processes, or  for  the comple teness  of the text. 

N F P A  has no power  or au tho r i t y  to police or enforce  c o m p l i a n c e  with the con ten t s  of  this d o c u m e n t  
a n d  any  cer t i f ica t ion  of p roduc t s  s ta t ing  c o m p l i a n c e  with r equ i r emen t s  of  this d o c u m e n t  is m a d e  at the peril  
of  the cert if ier .  
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NFPA 291 

Recommended Practice for 

F i r e  F l o w  T e s t i n g  a n d  M a r k i n g  o f  H y d r a n t s  

1988 Edition 

This edition of NFPA 291, Recommended Practice for Fire Flow Testing and Marking of 
Hydrants, was prepared by the Technical Committee on Private Water Supply Piping 
Systems, released by the Correlating Committee on Water Extinguishing Systems, and 
acted on by the National Fire Protection Association, Inc. at its Annual Meeting held 
May 16-18, 1988, in Los Angeles, California. It was issued by the Standards Council 
on June 8, 1988 with an effective date of June 28, 1988, and supersedes all previous 
editions. 

The 1988 edition of this document has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin of the 
pages on which they appear. These lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 291 

The NFPA Committee on Public Water Supplies for Private Fire Protection presented 
the idea of indicating the relative available fire service water supply from hydrants in 
its 1934 report. The Committee felt then and feels now that such an indication is of 
substantial value to water and fire departments. The following recommendations were 
initially adopted in 1935. The Committee agreed that tests of individual hydrants did 
not give as complete and satisfactory results as group testing but expressed the opinion 
that tests of individual hydrants did have sufficient value to make the following recom- 
mendations worthy of adoption. This was reconfirmed with minor editorial changes 
in 1974. 

The 1977 edition was completely rewritten and a chapter on the flow testing of 
hydrants was added. 

The 1982 edition had been reconfirmed by the committee. This edition of the docu- 
ment notes several changes which will help to clarify and reinforce certain recommen- 
dations. Specific guidance has been added on the correct method of utilizing a Pitot 
tube to gain accurate test results. 
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N F P A  291 

Recommended Practice for 

F i r e  F l o w  T e s t i n g  a n d  M a r k i n g  o f  H y d r a n t s  

1988 Ed i t i on  

Chap t e r  1 Flow Tes t i ng  

1-1 I n t r o d u c t i o n .  Fire flow tests are made on water 
distribution systems to determine the rate of flow available 
at various locations for fire fighting purposes. A certain 
residual pressure in the mains is specified at which the rate 
of flow should be available. Additional benefit is derived 
from fire flow tests by the indication of possible deficien- 
cies (such as tuberculat ion of piping or closed valves or 
both) which could be corrected to ensure adequate fire flows 
as needed. 

1-2 Def in i t ions .  

Authority H a v i n g J u r i s d i c t i o n .  The "authori ty hav- 
ing jur i sd ic t ion"  is the organization,  office or individual  
responsible tbr " approv ing"  equipment ,  an installation or 
a procedure. 

NOTE: The phrase "authority having jurisdiction" is used in 
NFPA documents in a broad manner since jurisdictions and "ap- 
proval" agencies vary as do their responsibilities. Where public 
safety is primary, the "authority having jurisdiction" may be a 
federal, state, local or other regional department or individual such 
as a fire chief, fire marshal, chief of a fire prevention bureau, labor 
department, health department, building official, electrical inspec- 
tor, or others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or other in- 
surance company representative may be the "authority having 
jurisdiction." In many circumstances the property owner or his 
designated agent assumes the role of the "authority having jurisdic- 
tion"; at government installations, the commanding officer or 
departmental official may be the "authority having jurisdiction. ". 

Lis ted .  Equipment  or materials included in a list 
published by an organization acceptable to the "author i ty  
having jur i sd ic t ion"  and concerned with product evalua- 
tion, that mainta ins  periodic inspection of production of 
listed equipment or materials and whose listing states either 
that the equipment or material meets appropriate standards 
or has been tested and found suitable for use in a specified 
manner .  

NOTE: The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also la- 
beled. The "authority having jurisdiction" should utilize the system 
employed by the listing organization to identify a listed product. 

Rated Capac i ty .  The flow available from a hydrant  
at the designated residual pressure (rated pressure), either 
measured or calculated. 

Should.  Indicates a recommendat ion  or that which is 
advised but not required. 

1-3 Rat ing  Pressure.  For the purpose of uniform mark- 
ing of fire hydrants ,  the ratings should be based on a 
residual .pressure of 20 psi (1.4 bar) for all hydrants  hav- 
ing a statm pressure in excess of 40 psi (2.8 bar). Hydrants  
having a static pressure of less than 40 psi (2.8 bar) should 
be rated at one-half  of the static pressure. 

It is generally recommended that a m i n i m u m  residual 
pressure of 20 psi (1.4 bar) be maintained at hydrants when 
delivering the fire flow. Fire depar tment  pumpers  can be 
operated where hydrant  pressures are less, but with dif- 
ficulty. Where hydrants  are well distributed and of the 
proper size and type (so that friction losses in the hydrant  
and suction line may not be excessive), it may be possible 
to set a lesser pressure as the min imum pressure. A primary 
concern should be the ability to maintain sufficient residual 
pressure to prevent developing a negative pressure at any 
point in the street mains, which could result in the collapse 
of the mains  or other water system components  or back- 
siphonage of polluted water from some other intercon- 
nected source. It should be noted that the use of residual 
pressures of less than 20 psi is not permitted by many  state 
health departments .  

1-4 Procedure .  Tests should be made dur ing  a period 
of ordinary demand.  The procedure consists of discharg- 
ing water at a measured rate of flow from the system at 
a given location and observing the corresponding pressure 
drop in the mains.  

1-5 Data  Sheet. The data secured dur ing  the testing of 
hydrants  for uniform marking may be valuable for other 
purposes. With this in mind,  it is suggested that the form 

H y d r a n t  F l o w  T e s t  R e p o r t  

LOCATION DATE 

TEST MADE BY TIME 

REPRESENTATIVE OF 

WITNESS 

. M .  

STATE PURPOSE OF TEST 

CONSUMPTION RATE DURING TEST 

I F P U M P S A F F E C T T E S T I N O I C A T E P U M P S O P E R A T I N G  

FLOW HYORANTS At  A2 A3 A4 

S,/e Nozzle 

P=tot Read,ng 

Discharge Coeff ic ient  

GPM 

STATIC B 

PROJECTED RESULTS 

TOTAL GPM 

psi RESIDUAL 8 PIi 

@ 20 psi Residudl - -  gprn. or @ psi Residual gpm 

REMARKS 

LOCATION MAP Show hne sites and d,stance to neat  cross connected line. Show valves and 
hfdrant  branch $l le  Indicate Nor th  S h o w  f lowing hydrants = Labe A I . A2, A3. A 4, S h o w  
location of Static and Residual - Label 8 

IndlCatP 8 Hydrant - -  Sprinkler - -  Other ( Ident i fy) 

Figure 1-5 Sample Hydrant Flow Test Report. 

1988 E d i t i o n  



FLOW TESTING 2 9 1 - 5  

shown in Figure 1-5 be used to record information that is 
taken. The back of the form should include a location 
sketch. When the tests are complete the forms should be 
filed for future reference by interested parties. 

1-6 L a y o u t  of  Test .  After the location at which the test 
is to be run has been determined, a group of test hydrants 
in the vicinity is selected. Once selected, due considera- 
tion should be given to potential interference to traffic flow 
patterns, damage to surroundings (e.g., roadways, 
sidewalks, landscapes, vehicles, and pedestrians), and 
potential flooding problems both local and remote from the 
test site. One hydrant  is chosen to be the residual hydrant  
at which the normal pressure will be observed with the 
other hydrants in the group closed, and the residual 
pressure will be observed with the other hydrants flowing. 
This hydrant  is chosen so that the hydrants  which will be 
flowed are the next hydrants between it and the larger 
mains, which constitute the immmediate sources of sup- 
ply in the area. In Figure 1-6, several test layouts are in- 
dicated, showing the residual hydrant  in each case by 
means of a circle. 

The number  of hydrants to be used in any test depends 
upon the strength of the distribution system in the vicinity 
of the test location. To obtain satisfactory test results for 
theoretical calculation of expected flows or rated capacities, 
sufficient discharge should be achieved to cause a drop in 
pressure at the residual hydrant  of at least 25 percent or 
to flow the total demand necessary for fire fighting pur- 
poses. If  the mains are small and the system weak, only 
one or two hydrants  need to be flowed. If, on the other 
hand, the mains are large and the system strong, it may 
be necessary to flow as many as seven or eight hydrants. 

~ --E) 1 

--O 3 
A. 4 

~ ---o 1 

2 

",:3-----..-- 
D. 

IB. 

E. 

C. 
F LOW TEST LAYOUTS. 
(NOTE: CIRCLES 
DRAWN ABOUT 
RESIDUAL HYDRANTS 
ARROWS DENOTE 
FLOW DIRECTION 
IN MAINS.) 

Figure 1-6 Suggested Test Layouts for Hydrants. 

(Copyright, Insurance Services Office, 1963) 

1-7 E q u i p m e n t .  The equipment  necessary for field 
work consists of a single 200-psi (14-bar) bourdon pressure 
gage with 1-psi graduations, a number  of Pitot tubes, 
hydrant  wrenches, 50- or 60-psi (3.5- or 4.0-bar) bourdon 
pressure gages with ½-psi graduations, and scales with 
'/16-in. graduations (one Pitot tube, a 50- or 60-psi gage, 
a hydrant  wrench, and a scale for each hydrant  to be 
flowed), and a special hydrant  cap tapped with a hole into 
which a short length of ¼-in. brass pipe is fitted. This pipe 
is provided with a T connection for the 200-psi (14-bar) 
gage and a cock at the end for relieving air pressure. All 
pressure gages should be calibrated at least every 12 
months, or more frequently depending on use. When more 
than one hydrant  is flowed, it may  be desirable and neces- 

sary to use portable radios to facilitate communicat ion be- 
tween team members.  

1-8 Test  P rocedure .  In a typical test, the 200-psi 
(14-bar) gage is attached to one of the 2 ½-in. (6.4-cm) 
outlets of the residual hydrant  using the special cap, the 
cock on the gage piping is opened, and the hydrant  valve 
is opened full. As soon as the air is exhausted from the bar- 
rel, the cock is closed. A reading is taken when the needle 
comes to rest. At a given signal, each of the other hydrants 
is opened in succession with discharge taking place directly 
from the open hydrant  butts. Hydrants  should be opened 
one at a time. With all hydrants  flowing, water should be 
allowed to flow for a sufficient time to clear all debris and 
foreign substances from the stream(s). At that time, a signal 
is given to the people at the hydrants to read the Pitot 
pressure of the streams simultaneously while the residual 
pressure is being read. The final magnitude of the pressure 
drop can be controlled by the number  of hydrants  used 
and the number  of outlets opened on each. 

After the readings have been taken, hydrants should be 
shut down slowly, and one at a time, to prevent undue 
surges in the system. 

1-9 P i to t  Readings .  When  measuring discharge from 
open hydrant  butts, it is always preferable from the stand- 
point of accuracy to use 2 ½ -in. (6.4-cm) outlets rather than 
pumper  outlets. In practically all cases the 2 ½-in. (6.4-cm) 
outlets are filled across the entire cross section during flow, 
while with the larger outlets there is very frequently a void 
near the bottom. When  measuring the Pitot pressure of 
a stream of practically uniform velocity, the orifice in the 
Pitot tube is held downstream approximately one-half the 
diameter of the hydrant  outlet or nozzle opening, and in 
the center of the stream. The center line of the orifice 
should be at right angles to the plane of the face of the 
hydrant  outlet. The air chamber  on the Pitot tube should 
be kept elevated. Pitot readings of less than 10 psi (.7 bar) 
and more than 30 psi (2.0 bar) should be avoided if possi- 
ble. Opening  additional hydrant  outlets will aid in con- 
trolling the Pitot reading. With dry barrel hydrants,  the 
hydrant  valve should be wide open. This minimizes prob- 
lems with underground drain valves. With wet barrel 
hydrants,  the valve for the flowing outlet should be wide 
open. This gives a more streamlined flow and a more ac- 
curate Pitot reading. 

P~ESS~RE ~AGE ~ 

~ 1  ~,~o~ o~,~,c~ 

~1 ~- I~ "~" H~ORANT OOT'ET OR 

Figure 1-9 Pitot Tube Position. 

1-10 Determination of Discharge.  At the hydrants  
used for flow during the test, the discharges from the open 
butts are determined from measurements of the diameter 
of the outlets flowed, the velocity pressures of the streams 
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as indicated by the Pitot gage readings,  and the coefficient 
of the outlet being flowed as de te rmined  from Figure 1-10. 
If  flow tubes (s t ream straighteners)  are being util ized, a 
coefficient of 0.95 is suggested unless the coefficient of the 
tube is known. 

The  formula  used to compute  the discharge,  O~ in gpm 
from these measurements  is: 

(a) 
Q = 29.83 cd 'x /p  

where c is the coefficient of discharge (see Figure 1-10), 
d the d iamete r  of the outlet  in inches, and 

p the velocity pressure in psi. 

Ounot Smooth and Outlot Squara and Sharo Outlot Squoro ond 
Roundbd Coot. O.CO Projocting into [~trol 

Cool. 0.90 Cc~f 0.7~ 

Figure 1-10 Three  general  types of  hydrant outlets and their 
coefficients of discharge.  

1-11 Use of  P u m p e r  Out le t s .  I f  it is necessary to use 
a pumper  outlet,  and flow tubes (stream straighteners)  are 
not avai lable,  the best results are obta ined with the veloc- 
ity pressure ma in ta ined  between 5 and 10 psi (.3 and  .7 
bar).  For  p u m p e r  outlets,  the approx imate  discharge can 
be computed  from equat ion (a) using the velocity pressure 
at the center  of the s t ream and mul t ip ly ing  the result by 
one of  the coefficients in Table  1-11, depend ing  upon  the 
velocity pressure.  These  coefficients are appl ied in addi-  
tion to the coefficient in equat ion  (a) and  are for average 
type hydrants .  

Table  1-11 P umper  Out le t  Coefficients 

Veloci ty P r e s s u r e  Coefficient  

2 psi 0.97 
3 psi 0.92 
4 psi 0.89 
5 psi 0.86 
6 psi 0.84 
7 psi and over 0.83 

1-12 Determination of  D i s c h a r g e  W i t h o u t  a P i t o t .  If  
a Pitot tube is not available for use to measure  the hydran t  
discharge,  a 50- or 60-psi (3.5- or 4.0-bar) gage tapped into 
a hydran t  cap may  be used. The  hydran t  cap with gage 
a t tached is placed on one outlet ,  and the flow is allowed 
to take place th rough  the other  outlet at the same eleva- 
tion. The  readings  obta ined  from a gage so located and 
the readings  ob ta ined  from a gage on a Pitot  tube held in 
the s t ream are approx imate ly  the same. 

1-13 C a l c u l a t i o n  Results. 
1-13.1 The  discharge in ga l lons-per-minute  for each 
outlet flowed is obtained from the discharge tables in 1-13.1 
or by the use of formula (a). If  more than one outlet is used, 
the discharges from all are added  to obta in  the total 
discharge.  

The  formula  which is general ly used to compute  the 
discharge at the specified residual pressure or for any 
desired pressure drop  is formula  (b): 

hr 0.54 
Q R  = Q ~  × - -  (b )  

Q R = flow predicted at desired residual pressure 

Q F = total flow measured  dur ing  test 

h r = pressure d rop  to desired residual  pressure 

hf = pressure drop  measured  dur ing  test 

In this equat ion,  any units of discharge or  pressure drop  
may  be used as long as the same units are used for each 
value of the same variable.  In  other  words,  if Q R is ex- 
pressed in gpm, Q v  must  be in gpm,  and i f h  is ex- 
pressed in psi, hf must  be expressed in psi. These a r e  the 
units which are normal ly  used in app ly ing  formula  (b) to 
fire flow test computa t ions .  

1-13.2 D i s c h a r g e  C a l c u l a t i o n s  f rom T a b l e .  O n e  
means of solving this equation without the use of logarithms 
is by using Table  1-13.2. This  table gives the values of  the 
0.54 power  of  the numbers  from 1 to 175. Knowing  the 
values of  h r, h r, and  Q F, the values of  h °5+ and h °5+ can 
be read from the table and formula  (b) solved for Q R' 
Resul ts  are usual ly carr ied to the nearest  100 gpm (380 
L /min)  for discharges of 1000 gpm (3800 L /min)  or  more,  
and  to the nearest  50 gpm (190 L/min)  for smaller  dis- 
charges,  which is as close as can be just i f ied by the degree 
of accuracy of the field observat ions.  
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Table 1-13.1 Theoretical Discharge Through  Circular Orifices 
(United States Gallons of  W a t e r  per Minute) 

(See Notes) 

V o k ~  Velocity of 
Hood F e s t "  Di~.hmgo 

Diametmr of Odfice in Inches Velocity 
Head 

2 2;~ 2~r 2~ 3 4 4~r 6 6 psi 

1 2.31 12.16 
2 4.61 17.26 
3 6.92 21.14 
4 9.23 24.41 
8 11.54 27.27 
6 13.84 29.82 
7 16.15 32.27 
8 18.46 34.42 
9 20.76 36.58 

10 23.07 38.60 
11 26.38 40.44 
12 27.68 42.18 
13 29.99 43.91 
14 32.30 48.58 
16 34.61 47.18 
16 36.91 48.71 
17 39.22 50.28 
18 41.53 81.68 
19 43.83 63.10 
20 46.14 54.83 
22 80.76 87.19 
24 55.37 69.74 
26 89.98 62.09 
28 64.60 64.44 
30 69.21 66.79 
32 73.82 68.93 
34 78.44 71.08 
38 83.05 73.12 
38 87.67 78.16 
40 92.28 77.10 
42 96.89 78.94 

101.61 80.78 
48 108.12 82.62 
48 110.74 84,46 
EO 1t5.38 88.19 
52 119.96 87.83 
54 124.58 89.86 
56 129.19 91.20 
58 t 33.81 82.83 
60 138.42 94.36 
82 143.03 86.00 
64 147.65 97.53 
66 162.28 98.96 
68 I f~.88 100.49 
70 161.49 101,92 
72 186.10 103.35 
74 170.72 104.78 
76 176.33 10~.21 
78 179.96 107.64 
80 184.56 108.97 
82 189.17 110.30 
84 193.79 111.72 
86 198.40 112.95 
88 203.02 114.28 
90 207.63 115.61 
92 212,24 116.83 
94 216.86 118.16 
96 221.47 119.38 
98 226.09 120.61 

100 230.70 121.84 
102 238.31 123.08 
104 239.93 124.29 
106 244.54 125.41 
108 249.16 128.64 
110 263.77 127.76 
112 258.38 128.98 
114 263.00 130.11 
116 267.61 131.23 
118 272,23 132.38 
120 276.84 133.48 
122 281.45 134.60 
124 286,07 136.72 
126 290.68 136.75 
128 295.30 137.87 
130 299.91 138.89 
132 304.52 140.01 
134 309.14 141.03 
136 313.75 142`08 

119 151 186 226 268 477 604 746 1074 1 
169 214 264 319 380 675 854 1055 1519 2 
207 262 323 391 465 827 1046 1292 1860 3 
239 302 373 451 537 955 1208 1492 2148 4 
267 338 417 504 600 1067 1351 1668 2401 5 
292 370 457 553 658 1169 1480 1827 2630 6 
316 400 493 597 710 1263 1598 1973 2841 7 
337 427 527 638 759 1350 1709 2109 3037 8 
358 453 559 677 805 1432 1812 2237 3222 9 
377 478 590 713 849 1509 1910 2358 3396 10 
396 501 618 748 880 1583 2003 2473 3562 11 
413 523 646 781 930 1653 2093 2583 3720 12 
430 544 672 813 968 1721 2178 2689 3872 13 
446 565 698 844 1005 1786 2260 2790 4018 14 
462 585 722 874 1040 1848 2340 2888 4159 15 
477 604 748 902 1074 1909 2418 2983 4296 16 
492 623 769 930 1107 1968 2491 3075 4428 17 
506 641 791 957 1139 2025 2562 3164 4556 18 
520 658 813 983 1170 2080 2633 3251 4681 19 
534 675 834 1009 1201 2134 2701 3335 4803 20 
560 708 874 1058 1259 2239 2833 3497 5037 22 
585 740 913 1105 1315 2338 2959 3653 5261 24 
608 770 951 1150 1369 2434 3080 3802 5476 26 
631 799 987 1194 1421 2526 3196 3946 5682 28 
654 827 1021 1236 1470 2614 3309 4085 5882 30 
675 854 1055 1276 1519 2700 3417 4218 6075 32 
696 882 1087 1315 1565 2783 3522 4348 6262 34 
716 906 1119 1354 1611 2864 3624 4475 6443 36 
736 931 1149 1391 1655 2942 3724 4597 6620 38 
755 955 1179 1427 1698 3019 3820 4716 6792 40 
773 979 1209 1462 1740 3093 3915 4833 6960 42 
791 1002 1237 1496 1781 3166 4007 4947 7123 44 
809 1024 1264 1530 1820 3237 4097 5058 7283 46 
827 1046 1292 1563 1860 3307 4185 5167 7440 48 
844 1068 1318 1595 1898 3375 4271 5273 7593 50 
860 1089 1344 1627 1936 3442 4356 5378 7744 52 
877 1110 1370 1658 1973 3507 4439 5480 7891 54 
893 1130 1395 1688 2009 3572 4520 5581 8036 56 
909 1150 1420 1718 2045 3635 4800 5679 8178 58 
924 1170 1444 1747 2080 3697 4679 5776 8318 60 
940 1189 1468 1776 2114 3758 4756 5872 8456 62 
955 1208 1491 1805 2148 3818 4832 5966 8591 64 
969 1227 1515 1833 2181 3877 4907 6059 8724 66 
984 1245 1537 1860 2214 3936 4981 6150 8855 68 
998 1263 1560 1887 2246 3993 5054 6239 8985 70 

1012 1281 1582 1914 2278 4050 5128 6327 9112 72 
1028 1299 1604 1941 2309 4106 5196 6415 9238 74 
1040 1317 1625 1967 2340 4161 5266 6501 9362 76 
1054 1334 1647 1992 2371 4215 5335 6586 9484 78 
1067 1351 1668 2018 2401 4269 5403 6670 9605 80 
1080 1367 1688 2043 2431 4322 5470 6753 9724 82 
1094 1384 1708 2068 2461 4374 5536 6835 9842 84 
1106 1400 1729 2092 2490 4426 5602 6916 9959 86 
1119 1417 1749 2116 2518 4477 5667 6996 10074 88 
1132 1433 1769 2140 2547 4528 5731 7075 10188 90 
1144 1448 1788 2164 2575 4578 5794 7153 10300 92 
1157 1464 1808 2187 2603 4627 5856 7230 10411 94 
1169 1480 1827 2210 2630 4676 5919 7307 10521 96 
1181 1495 1846 2233 2658 4725 5980 7383 10630 98 
1193 1510 1864 2256 2685 4773 6041 7458 10739 100 
1205 1525 1883 2278 2711 4820 6101 7532 10846 102 
1217 1540 1901 2301 2738 4867 6160 7605 10951 104 
1228 1555 1919 2323 2764 4914 6219 7678 11056 106 
1240 1569 1938 2344 2790 4960 6278 7750 11160 108 
1251 1584 1955 2366 2816 5006 6335 7821 11263 110 
1263 1598 1973 2387 2841 5051 6393 7892 11365 112 
1274 1612 1991 2409 2866 5096 6450 7962 11466 114 
1285 1626 2008 2430 2892 5140 5506 8032 11566 116 
1296 1640 2025 2451 2916 5184 6562 8101 11665 118 
1307 1654 2042 2471 2941 5228 6617 8169 11764 120 
1318 1668 2059 2492 2965 5272 6672 8237 11861 122 
1329 1681 2076 2512 2990 5315 6726 8304 11958 124 
1339 1695 2093 2532 3014 5357 6781 8371 12054 126 
1350 1709 2109 2552 3037 5400 6834 8437 12150 128 
1360 1722 2126 2572 3061 5442 6887 8503 12244 130 
1371 1735 2142 2592 3084 5484 6940 8568 12338 132 
1381 1748 2158 2611 3108 5525 6992 8633 12431 134 
1391 1761 2174 2631 3131 5565 7044 8697 12523 136 

"1 psi = 2.307 h of warm. 

Notes to Table 1-13.1 

This table is computed from the formula Q = 29.83cd2~'p with 
c = 1.00. The theoretical discharge of sea water, as from fireboat 
nozzles, may be found by subtracting 1 percent from the figures 
in the following table, or from the formula Q = 29.83cd2~/-p. 

Appropriate coefficient should be applied where it is read from 
hydrant outlet. Where more accurate results are required, a coef- 

ficient appropriate on the particular nozzle must be selected and 
applied 1o the figures of the table. 

The discharge from circular openings of sizes other than those in 
the table may readily be computed by applying the principle that 
quantity discharged under a given head varies as the square of 
the diameter of the opening. 
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T a b l e  1-13.2 Values  of  "h" to the 0.54 P o w e r  

h h o.s4 h h o s4  h h o s4  h h ° '54  h h ° ' s 4  

1 1.00 36 6.93 71 9.99 106 12.41 141 14.47 
2 1.45 37 7.03 72 10.07 107 12.47 142 14.53 
3 1.81 38 7.13 73 10.14 108 12.53 143 14.58 
4 2.11 39 7.23 74 10.22 109 12.60 144 14.64 
5 2.39 40 7.33 75 10.29 110 12.66 145 14.69 

6 2.63 41 7.43 76 10.37 111 12.72 146 14.75 
7 2.86 42 7.53 77 10.44 112 "12.78 147 14.80 
8 3.07 43 7.62 78 10.51 113 12.84 148 14.86 
9 3.28 44 7.72 79 10.59 114 12.90 149 14.91 

10 3.47 45 7.81 80 10.66 115 12.96 150 14.97 

11 3.65 46 7.91 81 10.73 116 13.03 151 15.02 
12 3.83 47 8.00 82 10.80 117 13.09 152 15.07 
13 4.00 48 8.09 83 10.87 118 13.15 153 15.13 
14 4.16 49 8.18 84 10.94 119 13.21 154 15.18 
15 4.32 50 8.27 85 11.01 120 13.27 155 15.23 

16 4.48 51 8.36 86 11.08 121 13.33 156 15.29 
17 4.62 52 8.44 87 11.15 122 13.39 157 15.34 
18 4.76 53 8.53 88 11.22 123 13.44 158 15.39 
19 4.90 54 8.62 89 11.29 124 13.50 159 15.44 
20 5.04 55 8.71 90 11.36 125 13.56 160 15.50 

21 5.18 56 8.79 91 11.43 126 13.62 161 15.55 
22 5.31 57 8.88 92 11.49 127 13.68 162 15.60 
23 5.44 58 8.96 93 11.56 128 13.74 163 15.65 
24 5.56 59 9.04 94 11.63 129 13.80 164 15.70 
25 5.69 60 9.12 95 11.69 130 13.85 165 15.76 

26 5.81 61 9.21 96 11.76 131 13.91 166 15.81 
27 5.93 62 9.29 97 11.83 132 13.97 167 15.86 
28 6.05 63 9.37 98 11.89 133 14.02 168 15.91 
29 6.16 64 9.45 99 11.96 134 14.08 169 15.96 
30 6.28 65 9.53 100 12.02 135 14.14 170 16.01 

31 6.39 66 9.61 101 12.09 136 14.19 171 16.06 
32 6.50 67 9.69 102 12.15 137 14.25 172 16.11 
33 6.61 68 9.76 103 12.22 138 14.31 173 16.16 
34 6.71 69 9.84 104 12.28 139 14.36 174 16.21 
35 6.82 70 9.92 105 12.34 140 14.42 175 16.26 

Method of Use 
Insert in formula (b) the values of hr° 54 and ht954 deter- 

mined from the table and the value of Q v, and solve the 
equation of Q R" 

1-14 System Correct ions .  It must be remembered that 
flow test results show the strength of the distribution system 
and do not necessarily indicate the degree of adequacy of 
the entire water works system. Consider a system supplied 
by pumps at one location and having no elevated storage. 
If  the pressure at the pump station drops during the test, 
it is an indication that the distribution system is capable 
of delivering more than the pumps can deliver at their nor- 
mal operating pressure. It is necessary to use a value for 
the drop in pressure for the test which is equal to the ac- 
tual drop obtained in the field during the test, minus the 
drop in discharge pressure at the pumping  station. If  suf- 
ficient pumping capacity is available at the station and the 
discharge pressure could be maintained by operating ad- 
ditional pumps,  the water system as a whole could deliver 
the computed quantity.  If, however, additional pumping  
units are not available, the distribution system would be 
capable of delivering the computed quantity, but the water 
system as a whole would be limited by the pumping capac- 
ity. The  portion of the pressure drop for which a correc- 
tion can be made for tests on systems with storage is 

generally estimated upon the basis of a study of all the tests 
made and the pressure drops observed on the recording 
gage at the station for each. The corrections may vary from 
very substantial portions of the observed pressure drops 
for tests near the pumping station, to zero for tests remote 
from the station. 

Chapter 2 M a r k i n g  of Hydrants 

2-1 Classification of Hydrants. Hydrants  should be 
classified in accordance with their rated capacities (at 20 
psi (1.4 bar) residual pressure or other designated value) 
as follows: 

Class AA - -  Rated capacity of 1500 gpm or greater 
(5680 L/min) 

I Class A - -  Rated  capacity of 1000-1499 gpm 
(3785-5675 L/min)  

Class B - -  Rated capacity of 500-999 gpm (1900- 
3780 L/min) 

[ Class C - -  Rated capacity of less than 500 gpm (1900 
L/rain) 

2-2 M a r k i n g  of Hydrants. 
2-2.1 Publ ic  H y d r a n t s .  All barrels are to be chrome 
yellow except in cases where another color has already been 
adopted. The tops and nozzle caps should be painted with 
the following capacity-indicating color scheme to provide 
simplicity and consistency with colors used in signal work 
for safety, danger,  and intermediate condition: 

Class AA - -  Light blue 

Class A - -  Green 

Class B - -  Orange  

Class C - -  Red 

For rapid identification at night, it is recommended that 
the capacity colors be of a reflective-type paint. 

Hydrants  rated at less than 20 psi (1.4 bar) should have 
the rated pressure stenciled in black on the hydrant  top. 

In addition to the painted top and nozzle caps, it may 
be advantageous to stencil the rated capacity of high 
volume hydrants  on the top. 

The classification and marking of hydrants provided for 
in this chapter anticipate determination based on individual 
flow test. Where a group of hydrants may be used at time 
of fire, some special marking designating group flow capa- 
city may be desirable. 

2-2.2 Flush H y d r a n t s .  Location markers for flush 
hydrants should carry the same color background as stated 
above fo~ class indication, with such other data stenciled 
thereon as may be deemed necessary. 

2-2.3 Pr iva te  H y d r a n t s .  Marking on private hydrants 
within private enclosures is to be at the owner 's  discretion. 
When private hydrants are located on public streets, they 
should be painted red or some other color to distinguish 
them from public hydrants. 
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SUBMiTTiNG PROPOSALS ON 

NFPA TECHNICAL COMMITTEE DOCUMENTS 

Contact NFPA Standards Administration for final date for receipt of proposals 
on a specific document. 

INSTRUCTIONS 

Please use the forms which follow for submitting proposed amendments. 
Use a separate form for each proposal. 

1. For  each  d o c u m e n t  on which  you are  p ropos ing  a m e n d m e n t  indica te :  

(a) T h e  n u m b e r  and  tit le of  the  d o c u m e n t  

(b) T h e  specif ic  sect ion or  p a r a g r a p h .  

2. Check  the  box i nd i ca t i ng  whe the r  or  not  this p roposa l  r e c o m m e n d s  new text,  revised text,  or  to 
de le te  text.  

3. 

4. 

5. 

In  the  space  iden t i f i ed  as "P roposa l "  i nc lude  the  w o r d i n g  you propose  as new or  revised text,  or  
ind ica te  if  you wish to de le te  text.  

In  the  space  t i t led  " S t a t e m e n t  of  P r o b l e m  and  Subs t an t i a t i on  for Proposa l"  s ta te  the  p r o b l e m  
which  will be  resolved by your  r e c o m m e n d a t i o n  and  give the  specif ic  reason  for your  proposa l  in- 
c l u d i n g  copies  o f  tests, research  papers ,  f ire exper ience ,  etc.  If  a s t a t e m e n t  is m o r e  t h a n  200 
words  in length ,  the  t echn ica l  c o m m i t t e e  is au tho r i zed  to abs t rac t  it for  the  T e c h n i c a l  C o m m i t t e e  
Repor t .  

Check  the  box i nd i ca t i ng  whe the r  or  not  this p roposa l  is o r ig ina l  ma te r i a l ,  a n d  if  it is not,  i nd ica te  
source.  

6. If  s u p p l e m e n t a r y  m a t e r i a l  ( pho tog raphs ,  d i ag rams ,  reports ,  e tc . )  is inc luded ,  you m a y  be r e q u i r e d  
to submi t  suff ic ient  copies  for all m e m b e r s  and  a l t e rna tes  of  the  t echn ica l  c o m m i t t e e .  

NOTE: The NFPA Regulations Governing Committee Projects in Paragraph 10-10 state: Each proposal shall be submit- 
ted to the Council Secretary and shall include: 

(a) identification of the submitter and his affiliation (Committee, organization, company) where appropriate, and 

(b) identification of the document, paragraph of the document to which the proposal is directed, and 

(c) a statement of the problem and substantiation for the proposal, and 

(d) proposed text of proposal, including the wording to be added, revised (and how revised), or deleted. 



FOXM FOR PXOPOSALS ON NFPA T E C H N I C A L  C O M M I T T E E  D O C U M E N T S  

Mail  to: Secretary, Standards Council  
Nat ional  Fire Protection Association, Bat te rymarch  Park ,  Quincy,  Massachusetts 02269 

Date 5/18/85 Name John B. Smith Tel.  No 617-555-1212 

Address 9 Seattle St.. Seattle, WA 02255 

Xepresenting (Please indicate organizat ion,  company or self) 

1. a) Document Title: Protective Signaling Systems NFPA No. ~E Year N FPA 72D 

b) Section/Paragraph: 2-7.1 (Exception) 

2. Proposal recommends: (Check one) [] new text 
[] revised text 
[] deleted text. 

3. Proposal (include proposed new or revised wording, or identif icat ion of wording to be deleted): 

Delete exception. / ~  

Fire Marshals Assn. of North America 

4. Statement of  Problem and 

A properly installed and main 
The occurrence of one or me1 
"trouble" signal because it inq 
tO future malfunctior, o / f~e  ~ 
available on these sy,,~rp,,~T)~ 
it on all systems will 

~ d ' ~ s ~ b u l d  be free of ground faults. 
~q~d~a~fs should be required to cause a 
~s a~j;)Yidition that could contribute 
~ r o u n d  fault protection has been widely 

and its cost is negligible. Requiring 
er installations, maintenance and reliability. 

5. [] Th i s  Proposal is or iginal  mater ia l .  
[] Th is  ]Proposal is not or iginal  material ;  its source (if known) is as follows: 

(Note :  O r i g i n a l  m a t e r i a l  is cons ide red  to be the  submi t t e r ' s  own  idea based o n  or  as a result  of  his own  exper i ence ,  t h o u g h t ,  or  research  a n d .  to t he  best o f  his knowledge ,  is no t  cop ied  

f r o m  a n o t h e r  source . )  

I agree to give NFP A all and  ful l  r ights,  inc lud ing  r ights of  copyright ,  in this Proposal and  I unders tand  tha t  I acquire  no r ights  in 
any publ icat ion of NF P A in which  this Proposal in this or ano ther  s imilar  or analogous form is used. 

Signature  

PLEASE USE SEPAP-ATE FORM FOR EACH P R O P O S A L  



Mail  to: 

F O R M  F O R  P R O P O S A L S  ON N F P A  T E C H N I C A L  C O M M I T T E E  D O C U M E N T S  

Secretary, S tandards  Counc i l  
N a t i o n a l  Fire  Pro tec t ion  Association,  Ba t t e rymarch  Park ,  Q u i n c y ,  Massachusetts 02269 

Date N a m e  Te l .  No. 

Address 

Represen t ing  (Please ind ica te  o rgan iza t i on ,  company  or self) 

1. a) D o c u m e n t  T i t l e :  N F P A  No. & Year 

b) S e c t i o n / P a r a g r a p h :  

9. Proposal  recommends:  (Check one) [] new text 
[] revised text 
[] deleted text. 

3. Proposal  ( inc lude  proposed new or revised word ing ,  or i den t i f i ca t ion  of w or d i ng  to be deleted): 

o 
4. S ta tement  of P rob l em and  Subs tan t i a t ion  for Proposal :  

5. [] T h i s  Proposal  is o r i g i n a l  mate r ia l .  
[] T h i s  Proposal  is not  o r i g ina l  ma te r i a l ;  its source (if known)  is as follows: 

(No te  O r i g i n a l  m a t e r i a l  is cons idered  to be the  submi t t e r ' s  own idea based on  or  as a result of  his own  exper ience ,  t h o u g h t ,  or  research  a n d ,  to the  best of  his knowledge ,  is no t  copied  

f rom a n o t h e r  source  ) 

I agree to give NFPA all and full rights, including rights of copyright, in this Proposal and I understand that I acquire no rights in 
any publication of NFPA in which this Proposal in this or another similar or analogous form is used. 

Signature 

PLEASE USE S E P A R A T E  F O R M  F O R  E A C H  P R O P O S A L  



Field-tested knowledge 
from more than 180 
practicing experts! 

Fire Protection Handbook 

Only one comprehensive sourcebook answers 
the full range of today's fire protection and 
prevention questions - -  the Fire Protection 
Handbook. With new fire technologies, new 
materials, and constantly changing fire haz- 
ards, the very nature of fire protection grows 
more compl icated every day. The Fire Protec- 
tion Handbook covers: 
• hazardous wastes and materials 

• venting 

• emergency  response 

• fire hazards of robotics 

• aerosol charg ing 

• mining safety and emergency  intervention 
It's all here, and more, in one comprehens ive 
volume. 

Order your copy today! 

".. use the Handbook to 
find the answer to specific 
questions about pipe size 
and hydraulic 
calculations." --Tom Biazina, 

Building Inspector, 
, M N  

[] YESI Send me _ _  copies of the Fire Protection Handbook (No. 2H-FPH1686) $79.50 
NFPA Members $71.55. Plus $2,85 handling fee. NFPA pays all shipping charges. 

NFPA 
California residents add 6% sales tax. Member No. 

[3 I enclose a check (payable to NFPA) 
Total amount enclosed $ []  Please bill me 

Name Signature 
Company 
Address For easy ordering, call toll-free 

1-800-344-3555! 
Monday-Friday, 8:30 AM-8:00 PM, ET City, State, Zip 

Experience Fire Command Magazine! 

Your subscript ion to Fire C o m m a n d  Magazine 
br ings you 12 months of in-depth coverage of 
key firesafety issues. 

Past issues of Fire C o m m a n d  Magazine cov- 
ered articles on: 

• The Missing Link in Hazardous Materials 
Training 

• Roof Ventilation Training Aid 

* Fact Sheet: Manhattan High-Rise Fire 

• And every month there's more! 

All required reading for the successful fire 
fighter! Start your subscript ion to Fire Com- 
mand Magazine today! 

[] YES! Send m e _  

Total amount enclosed & 

Name 

Company. 

Address 

City, State, Zip 

Subscr ibe today! 

subscription(s) of Fire Command $17.50 NFPA Members $15.75. 
NFPA 
Member No. 
[ ]  I enclose a check (payable to NFPA) 
FI Please bill me 

Signature 

For easy ordering, call toll-free 
1-800-344-3555! 

Monday-Friday, 8:30 AM-8:00 PM, ET 

Don't get left behind in the new sprinkler technology! 
• Use of non-metallic piping 
• Step-by-step hydraulic calculations 
• Large-drop sprinkler characteristics 
• Maintenance and testing procedures 
• ESFR - -  an addendum covering early- 

suppression, fast-response sprinklers. 
The new Automatic Sprinkler Systems Handbook 

will become an indispensable tool you can put to 
work right away. 

[] YES! Send me _ _  copies of the Automatic Sprinkler Systems Handbook (No. 2H43AHB87) 
$43,50 NFPA Members $39,15, Plus $2.85 handling fee. NFPA pays all shipping charges. 

California residents add 6% sales tax. 

Total amount enclosed $. 

Name 

Company. 

Address 

City, State, Zip 

NFPA 
Member No. 
[ ]  I enclose a check (payable to NFPA) 
[ ]  Please bill me 

Signature 

For easy ordering, call toll-free 
1-800-344-3555! 

Monday-Friday, 8:30 AM-8:00 PM, ET 

Completely revised to cover latest changes, this new 
Handbook helps you better understand and apply 
the requirements of NFPA 13, 13A, 13D. And, the 
Handbook includes tentative interim amendments, 
Formal interpretations, and commentary based on 
actual problems and questions sent in from the field. 
The commentary covers: 
• Water supply requirements tables 
• Area limitations of systems 
• Concealed spaces 
• Cooking equipment and ventilation systems Order your copy today! 


