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Preface

Hunter’s Handbook of Technical Irrigation Information is designed to be used as a reference
guide for all professionals whose livelihood takes them into the realm of irrigation. Contractors,
architects, designers and engineers alike are now able to benefit from the wide spectrum of
information that has been gathered from numerous sources into a single document between the
covers of this handbook.

Until the completion of the Handbook of Technical Irrigation Information there has not
been a single, all-encompassing, up-to-date and reliable source of technical irrigation information.
We sincerely hope that the publishing of this guide has helped fill this void and we hope that
anything and everything you should ever need to know about the subject can be found herein.

For additional information on subjects within the field of irrigation, Hunter has developed
a wide assortment of literature. Please call the Hunter Industries Customer Service Department at
760-744-5240 to obtain the materials to meet your particular needs. And for more information
regarding any questions related to irrigation, call our Design And Technical Assistance (DATA) line
at 1-800-733-2823 or visit our website at www.HunterIndustries.com

©2002 Hunter Industries Incorporated  All Rights Reserved

This book may not be reproduced in whole or in part by any means (with the exception of short quotes for the purpose
of review) without the permission of the publisher.
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Slope

Slope, as used in irrigation, is a measure of the incline of an area. It can be described as 1) a
percent, formula “A”, 2) a degree, formulas “B” and “C”, or 3) a ratio, formula “D”. The greater
the incline, the greater the tendency for runoff.

A) The percent of slope can be determined by dividing the net change in elevation between two
points (Rise) by the horizontal distance between those two points (Run).

Point “B”
S = Rise
Run Rise
Point “A”
Where:
Run
S =  the percent of slope
Rise = the net elevation change in elevation between two points
Run = the horizontal distance between the two points

Note: The units for Rise and Run can be any unit of linear measure, but they must be the
same for both the Rise and Run.
Example:

What is the slope for a bank 40 ft. wide (run) on which the elevation at the top (point “B”) is
20 ft. higher than the toe of the slope (point “A”)

S = 20 S = 0.50 or 50%
40
B) The degree of slope describes a slope as the angle of the slope (at “A”) from the horizontal
plane. This method is useful when taking field measurements as “c” represents the
measured distance up a slope and “a” equals the elevation change.

Point “B”

sin A = alc
Point “A” Angle at “A”
Horizontal Plane
Where:
A =  the angle
a = the height of the right triangle
C = the length of the hypotenuse of a right triangle
Example:
a = 20 feet
c = 44.72 feet
simA = 20 sin A = 0.4472 A = 26° 34"
44,72
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Slope (continued)

C) The degree of slope describes a slope as the angle of the slope (at “A”) from the horizontal
plane. This method is useful when determining the slope from plot plans that include
elevation. In this diagram “b” represents the horizontal distance between point “A” and “B”
and “a” equals the e%evation change between point “A” and “B.”

Point “B”
tan A = a/b
a
Point“A” " Angle at “A”

Where: Horizontal Plane

A = the angle

a = the height of the right triangle

b =  the horizontal distance
Example:

a = 20.0 feet

b = 40.0 feet

tan A =  20.0 tan A = 0.4472 A = 26° 34"

D) Describing a slope as a ratio such as 2:1, 1:1 or 4:1, indicates the number of feet of run
for every one foot of rise. For instance a 2:1 slope indicates there would be two feet of
horizontal distance for every one foot change of elevation. A 1:1 would change one foot of
elevation for every one foot of horizontal run. This can be calculated by dividing the amount
of elevation change by the horizontal distance over which this change occurred.

Point “B”
Sr = Run .4 .
SHi R
Rise e
Point “A”
Run
Where:
Sr = the slope ratio
Rise = the net elevation change between two points
Run = the horizontal distance between the two points

Note: the units for Rise and Run can be any unit of linear measure, but they must be the
same for both the Rise and Run.

Example:

A slope on a project is 20 feet high (rise) over a distance of 40 feet (run). What is the
slope ratio?

Sr = Runzl Sr = 40:1 Sr = 2:1
Rise 20

Note: See pages 57, 58 & 59 for more information on slopes.

12 FORMULAS - General



Dynamic Pressure Determination

Dynamic pressure is the pressure when water is flowing in the system. Dynamic pressure in a
system can be determined by flow tests, using pressure gauges or by calculation if information on
pipe types and sizes, valves, meters or other appurtenances are known. The dynamic pressure
can be calculated at a given point in the system by starting with a known dynamic pressure at
some point, adjusting for elevation change and subtracting friction losses in pipe, fittings, valves,
meters, etc. as shown below:

Dynamic Pressure =

Where:

(PSIdynamic = he clevation) - by pipe ~ hy fittings ~ b Galves

PSIdynamic = the known dynamic pressure at a given point in psi

¢ elevation = Pressure change due to elevation in psi

h¢ pipe = the psi loss due to “friction” losses in the pipe
f fittings = the psi loss due to “friction” losses in fittings
fyalves = the psiloss due to “friction” losses in valves, meters or other
appurtenances between the source and the given point in the system
Control Point “B”
Valve
Point “A” {
Water
Meter
100 ft.
Elevation View
Example:

In the diagram above the dynamic pressure at point “A” is 90 (psi. The pipe is 2 inch class
315 PVC, 200 ft. from point “A” to point “B” with a flow rate of 50 gpm. According to the
manufacturer, the control valve will lose 6.0 psi at 50 gpm.

90.00  psi at point “A”
-43.30  psi loss due to elevation gain (100 ft. x 0.433 psi per ft.)
46.70  psi at point “B”
- 3.86  psi friction loss in pipe (1.93 psi loss per 100 ft. x 200 ft. / 100)
42.84  Subtotal
-0.39  psi friction loss in fittings (estimate, 10% of friction loss in pipe)
42.45  Subtotal
-6.00  psiloss in valve - from manufacturer data
36.45  psi dynamic pressure at point “B”
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Friction Factor Pipe Sizing

This Friction Factor is used to determine the maximum flow in gallons per minute through any

section of lateral line pipe while not exceeding a predetermined pressure loss (pressure variation).
In order to minimize uneven distribution, sprinklers should operate with pressure variation
between sprinklers of not more than = 10 to = 20% of the desired sprinkler operating pressure.

14

Ff = P, x P
B

C

Where:

F¢ = Friction Factor, the allowable pressure loss per 100 feet of pipe, in psi

P, = sprinkler operating pressure in psi

P, = Pressure Variation allowed between the valve and the last sprinkler on the circuit
being sized, usually 10% or 20% of the desired sprinkler operating pressure

L. = Critical Length of pipe from control valve to farthest head in hundreds of feet

Example:

A) You must determine the amount of pressure variation you can allow between the valve
and the last sprinkler head. This is usually 10% to 20% of the operating pressure of the
sprinklers on that particular section. For this example we will use 10% (0.10) variation.

If a control valve operates a group of sprinklers which require 30 psi to operate (operating
pressure = Po) the 10% pressure variation (pressure variation = Py) would allow a total
variation of 3.0 psi from the valve to the farthest head. (.10 x 30 psi = 3.0 psi)

B) Determine the Critical Length (L)
Next you must determine the distance the water travels from the control valve to the
farthest head. That is not necessarily the total length of pipe in the section but just the
length of the pipe through which the water flows from the valve to the farthest head. Divide
this number by 100 to determine the hundreds of feet from the valve to the farthest head.
This is called the Critical Length and represents the hundreds of feet of pipe in which
you can afford to lose the pressure you determined was acceptable for pressure variation
in step “A” above.

<x> = Control Valve for these sprinklers

= Sprinkler Head requiring 30 psi
<¥> and delivering 2.0 gpm at that pressure
!

b

N
o
=

—

S
o
=

*—

80 ft. 4V 40ft. —X— 601t
Fig.1

In this diagram you must decide the path the water flows from the valve to the farthest head and
calculate that distance in feet. The water flow path is shown below (Fig. 2) and is

represented by the pipe with the check pattern. Notice the distance of the branch line

is NOT included in the distance. This is because the water flowing to the farthest

head does not travel down that length of pipe and therefore any pressure losses

occurring in the branch does not atfect the pressure in the Critical Length.

FORMULAS - Hydraulics



: Farthest
2\? ft. <§> Head ~
@ @ ® L ®

180 ft.

Fig. 2

In Fig. 2 the water traveling from the valve to the farthest head must pass through 200 feet of
pipe. This divided by 100 gives a Critical Length (L¢) in hundreds of feet, of 2.0.

C) Determine the rate at which you can lose pressure in the pipe. This is called the Friction
Factor (F() which is the allowable psi loss per one hundred feet of pipe. We can determine
this allowable rate of loss by dividing the allowable pressure loss (in psi) by the critical
length (in hundreds of feet) by using the formula below.

The sprinklers mentioned above (Fig. 1) require 30 psi to operate and a distance from the
valve to the farthest head of 200 feet. Using the formula below we can determine the Friction

Factor.
Ff = PoxP,
LC
F = 30x0.10
200/100
F = 3
f 2

F; = 1.5 allowable psi loss per 100 feet of pipe.

The Friction Factor indicates that the pipe is to be sized so that no section of pipe exceeds a

Eressure loss of 1.5 psi per 100 ft. This insures that over the 200 feet from the valve to the farthest

ead the total psi loss will not exceed the 3.0 psi allowable loss (10% of the sprinkler operating
pressure). The Friction Factor can be used like a budget. It gives us a guideline by which we can
size the pipe without having excessive pressure loss in any section.

For the lateral pipes (those downstream of the control valve) use Class 315 PVC for Z\x inch
pipe and Class 200 PVC for all larger sizes. Although this requirement for Class 315 and Class

200 is not mandatory and may vary on many larger installations, it is typical for landscape projects

from residential through medium commercial projects in the South and Western United States.

At this point turn to the Friction Factor Short Cut charts in the Tables section, page 53.
Find the Chart for the Friction Factor closest to the one calculated for your sprinkler system
section. (In this case there is a chart for a Friction Factor of 1.5 psi allowable loss per 100 ft.
When there is no chart for the exact Friction Factor calculated, round off the Friction Factor to
the nearest chart value.)
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Figure 3 represents a portion of the Friction Factor Short Cut chart from page 64.
The chart in the appendix should look like Fig. 3 shown below.

Friction Factor 1.50
Max. GPM
2" Cl. 315 PV 2.8
%" Cl. 200 PVC 5.7
1" Cl. 200 PVC 10.8
1%4" Cl. 200 PVC 19.9
112" Cl. 200 PVC 28.5
2" Cl. 200 PVC 51.1
22" Cl. 200 PVC 84.3
3" Cl. 200 PVC 141.4
Fig. 3

The “Max. gpm” listed in the chart represent the maximum gpm that each pipe type/size can
sustain without exceeding a 1.5 psi loss per 100 ft.

Using the maximum flow rates in the chart as guides the lateral line pipes can be sized with the
assurance the total psi loss from the control valve to the farthest sprinkler will not exceed 10% of
the sprinkler operating pressure (3.0 psi).

First determine the quantity of water in gpm passing through each section of pipe. A section
may need to be sized differently if there is any change in the gpm so it is important to determine
the flows carefully. The diagram below (figure 4) lists the gpm flowing through each section of
pipe. Notice the section labeled “10” gpm. The 10 gpm is the flow to all sprinkler heads beyond
that point and includes both the straight run as well as the branch line.

Fig. 4

Using the chart (Fig. 3) as a guide, sizes can be assigned to each pipe section.

<¥>1%" . 17" . 1" 1" . Ya" . Va" .

"

Fig. 5

Note that in the section with 6 gpm we used the 1" pipe. The chart allows up to 5.7 gpm in
the 34" pipe and some designers may choose to use the %" instead of the 1". It is acceptable to
use %" pipe even though it exceeds the allowable loss (the Friction Factor), because pressure is
conserved in some sections where the flow is below the maximum allowable.
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Friction Loss in Pipe

The Hazen-Williams equation can be expressed as follows and is the most commonly used
formula for calculating pressure loss in PVC pipe.

h¢ = 0.00090194 ( 100)1-852 QL2

C 4866

Where:

h¢ =  head loss due to friction in pounds per square inch (psi)

C =  Hazen Williams coefficient for roughness of the inside of the pipe

Q flow in gallons per minute (gpm)

d = inside diameter of pipe in inches

L =  length of pipe in feet
Example:

A 2-inch class 200 PVC pipe (I.D. = 2.149") 500 ft. in length will deliver 50 GPM to an
irrigation system. Compute the friction loss in the pipeline.

h¢ = 0.00090194 100 | 1852 50 1852
f (%) (T ) 200

hg = 7.208 psi
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Static Pressure Determination

Static pressure is the measure of pressure when the water is at rest. This pressure is determined
by the weight of a column of water resting on one square inch and expressed as the pounds per
square inch (psi). The weight of a column of water one foot high will create 0.433 pounds of
pressure over every square inch. Static pressure can be determined as follows:

P = A=+0433H
Where:
Py =  static pressure at a given point in the system, in pounds per square inch (psi)

A =  static pressure at starting point in psi

0.433 = a constant representing the weight of water in a column one foot high as
expressed in pounds per square inch
H =  the net vertical change in elevation from the surface of the water to the given
point in the system in feet, increase in elevation, uphill, results in psi loss
(-0.433) downhill results psi gain (+0.433)
Point “A” Control
60 psi 414 kPa
(Static Pressure)
[
Water
40 ft. (12 m)
1 Elevation View
—{m
Example:

Determine the static pressure at the entrance to the control valve if the static pressure at the
meter is 60 psi. (Note: If change in elevation is downhill, the elevation change (H) would be a positive.)

P, = 60 - (0.433 x 40) For static pressure in metric units use:
S = A-9.79H
P, = 414 - (9.79 x 12)
P, = 42.68 pst
P, =  296.52kPa
Where:
P =  static pressure at a given point in the system, in kiloPascals (kPa)
A =  static pressure at starting point in kPa
9.79 = a constant representing the weight of water in a column one meter high as

expressed in kiloPascals
H = the net vertical change in elevation from the surface of the water to the given
point in the system in meters
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Velocity Head

The velocity head is the pressure required to move the water through the system.

H, = V/2g
Where:
H, = velocity head, the energy required to move the water at the intended velocity, in feet
\Y% =  water velocity, in feet per second
g = acceleration due to gravity (32.2)
Example:

What is the Velocity Head required to move 50 GPM through a 2 in. Class 315 PVC pipe?
(4.98):/ 64.4

H

A%

H

\%

0.39 ft.

Velocity of Flow

The velocity of flow is a calculation of the speed of water moving in a closed pipe system.

v =0.408 3
Where:
\Y% = flow velocity in feet per second (fps)
Q = flow in gallons per minute (gpm)
d = inside diameter of pipe in inches
0.408 =  constant used to convert units into feet per second
Example:

What is the velocity of flow for a 1 in. class 200 PVC pipe (1.189 inch L.D.) with a flow
rate of 10 gpm?

V= 0408 (1.189)

\Y% = 2.89 fps
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Water Hammer

This formula is used to estimate the total surge pressure developed when there is a sudden
reduction or cessation in the velocity of flow. This is typical when a control valve closes.

(V.x L x 0.07)
Where:
P, = the total pressure developed, in psi
P, = the operating pressure at the time of valve closing, in psi
\Y velocity at the time the reduction in velocity occurred, in feet per second
L = Length of straight pipe between source and point where reduction in velocity
occurred, this would be the longest section, in feet (straight pipe means
no tee or ell fittings)
t =  seconds during which the velocity was reduced, for example, a valve that closes
in a half second would have a value for “t” of 0.5
0.07 = constant used to convert velocity, length and time into pressure
Example:

An electric remote control valve has a hydraulic closure time of 0.8 seconds. The main line
leading to the valve is 450 ft. long with a velocity of 4.2 fps. The system is operating at 65 psi at
the time of valve closure. What is the total surge pressure?

4.2 x 450 x 0.07)

Pe = 65+ 0.8
P - 65408
P, = 230.38psi

20 FORMULAS - Hydraulics



AB 325, California Calculation of Estimated Applied Water Use (EWU)

This formula is used to calculate the estimated amount of water used in one hydrozone of a
landscape (the hydrozone may be one control valve or several with similar water requirements).
All hydrozones would be added together to determine the Estimated Applied Water Use (EWU) for
an entire project. The EWU must be less than the Maximum Applied Water Allowance (MAWA),
as shown in the next formula, in order to receive project approval. The use of this formula was
mandated by California State assembly bill 325.

EWU = Et. x PF x HA x 0.62

(0]
IE
Where:
EWU =  the estimated water use in gallons per day
Et, =  potential daily evapotranspiration for the worst case scenario, in inchesper day
PF =  Plant Factor (Crop Coefficient), percent in decimal form
HA = hydrozone area in square feet
IE = Irrigation Efficiency or Distribution Uniformity, percent in decimal form
0.62 = constant for conversion of units to gallons per day
Example:

You want to determine the EWU for a rectangular lawn area with the following characteristics
* the estimated worst case Et, is 0.40 inches per day

e for the warm season turf you are using, the crop coefficient has been determined to be
60% (0.60)

* 380 ft. long by 260 ft. wide (98,800 sq. ft.)

e the system efficiency has been estimated at 75% (0.75)

EWU = 0.40 x 0.60 x 98,800 x 0.62

0.75
EWU = 14,701.44
0.75
EWU = 19,601.92 gallons per day
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AB 325, California Calculation of Maximum Applied Water Allowance ( MAWA)

The Maximum Applied Water Allowance (MAWA) is used to determine the amount of water
a project will be allowed to use for landscape dpurposes. This amount determines the limit for
Frojected water use (EWU). Projects must be designed with an Estimated Applied Water Use (EWU)

ess than the limit allowed in the MAWA calculation. The use of this formula was mandated by
California State assembly bill 325.

MAWA = Et, x LA x 0.496
Where:
MAWA = Maximum Applied Water Allowance in gallons per day
Et, = potential daily evapotranspiration for the worst case scenario, in inches per day
LA = landscaped area in square feet
0.496 = constant to convert area and evapotranspiration to gallons and then multiplied
by 0.8 as required by the model ordinance
Example:

You want to determine the MAWA for the project containing the lawn area mentioned in the
example with formula 1 above.

. the estimated worst case Et, is 0.40 inches per day
380 ft. long by 260 ft. wide (98,800 sq. ft.)

0.40 x 98,800 x 0.496
MAWA = 19,601.92 gallons per day

MAWA
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Maximum System Capacity Requirement

The following formula is to be used to determine the gallons per minute (gpm) necessary for
peak water demand periods. While an area might survive for short periods with less water by
utilizing soil moisture reserves, extended periods of drought would require the maximum system
capacity. The formulas below (#10, #11, #12) are a guide and it should be remembered the answer
is no better than the factors that go into the formula (e.g. Reference Evapotranspiration Rate, Area,
Distribution Uniformity, etc.).

Maximum System Capacity Requirement -
GPM per Hydrozone(s)

This formula is used to determine the maximum water required, in GPM, from the source based
on the hydrozone’s characteristics.

GPM = 0.0104 x Et, x Area x K.

DU x Hrs. Available

Variable Value Ranges:

GPM =
Eto =
Area =
Kc

DU

Hrs. Available
0.0104

Example:

gallons per minute required
peak daily evapotranspiration for the worst case scenario in inches
area to be irrigated in square feet

= Crop Coefficient - use 1.0 if actual crop coefficient is not known
= distribution uniformity or irrigation efficiency

hours available for irrigation each day in the worst case
constant for conversion of area, flow and inches per day, etc. into
common units

A park has been designed with 450,000 sq. ft. of turf, and all areas must be irrigated between
10 p.m. and 6 a.m. The crop coefficient is 60% (0.6) with an average peak evapotranspiration rate
of 0.35 inches per day. The system distribution uniformity has been estimated to be 65%. What will
be the maximum gpm required for the park?

GPM

0.0104 x 0.35 x 450,000 x 0.60

GPM 189

0.65 x 8
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Maximum System Capacity Requirement -
Total Area For Given GPM

This formula may be used to to determine the area that can be irrigated if you know the gallons
per minute of the water supply.

Area = GPM x DU x Hrs. Available
0.0104 x Et, x K.
Where:
Area = area to be irrigated in square feet
GPM = gallons per minute available from the water supply
DU = Distribution Uniformity or Irrigation Efficiency
Hrs. Available = hours available for irrigation on the “Worst Case” day
Et, = peak daily evapotranspiration for the worst case scenario
K. = Crop Coefficient - use 1.0 if actual crop coefficient is not known
0.0104 = constant for conversion of area, flow and inches per day etc. into

common units

Example:

A developer has a well on the site of a proposed golf course. The well will produce 350 gpm.
The course will be designed with a distribution uniformity of 75%, and a watering window of
12 hours. The peak evapotranspiration rate in her area is 0.30 inches per day and the turf has a
crop coefficient of 80% (0.80). How large an area can she water with the existing well?

Area = 350 x 0.75 x 12
0.0104 x 0.30 x 0.80

Area = 1,262,019 sq. ft. (approximately 29 acres)
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Maximum System Capacity Requirement -
Total Area For Given Gallons Per Day

This formula may be used to to determine the area that can be irrigated if you know the gallons
available per day. This is the case in some water rationing systems or where a well capacity is
the limiting factor.

Area = DU x Gallons
0.62333 x Et, x K_

Where:

Area = area to be irrigated in square feet

DU = Distribution Uniformity or Irrigation Efficiency

Gallons = gallons available from the water supply on the “Worst Case” day

Et, = evapotranspiration for the worst case scenario

K. = Crop Coefficient - use 1.0 if actual crop coefficient is not known

0.62333 = constant for conversion of area, flow and inches per day, etc. into common units
Example:

The city has developed guidelines that allot a commercial project 36,000 gallons of water per
day during an extended drought. The area being watered has a distribution uniformity of 60%,
an average evapotranspiration rate of 0.22 inches per day and an average crop coefficient of 70%
(0.70). How much of their project can be sustained with the city’s water allotment?

Area = 0.60 x 36,000
0.62333 x 0.22 x 0.70

Area

225,017 sq. ft. (approximately 5.2 acres)
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Brake Horsepower

This formula determines the amount of power required at the pump shaft based on the pump
efficiency. It does not take into account any losses in the engine or electric motor.

BHP = Q x h

3960 x E¢
Where:
BHP =  brake horsepower (1 HP = 550 ft-lbs/sec)
Q =  pump discharge in gallons per minute (gpm)
h =  total dynamic head in feet
3960 = constant for conversion of units to brake horsepower
E¢ =  pump efficiency (decimal)
Example:

A pump with an efficiency of 85% is pumping 500 gpm with a total dynamic head of 230 ft.
What is the brake horsepower required to drive the pump?

BHP = 500 x 230
3960 x 0.85
BHP = 34.17

Horsepower Required in Pumping Water

This formula is used to determine the brake horsepower requirements.

BHP = ft x GPM
3960 x E¢
Where:
BHP =  Brake Horsepower

ft =  the number of feet the water is lifted from the surface of the water source to
the discharge point

GPM =  the gallons per minute being pumped
3960 =  constant for conversion to horsepower
E¢ =  pump efficiency (decimal)

Example:

A pump system is needed to Eump 500 GPM from a river 70 ft. up to a %olf course water
reservoir. What is the minimum horsepower required to pump this water? This pump is rated at
75% efficient.

HP = _70x500
3960 x .75
HP = 11.78=12

Brake horsepower is the power required at the pump shaft required to drive the pump.
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Net Positive Suction Head Available

The Net Positive Suction Head available is the absolute pressure available at the pump
impeller. The Net Positive Suction Head Available (NPSHA) must exceed the Net Positive Suction
Head Requirement (NPSHR) or cavitation will cause damage to the pump impeller. The NPSHR
is dztermmed by the pump manufacturer and is dependent upon pump design and operating
conditions

NPSHA = (H,- H,) - H - hy

Where:

H, = atmospheric pressure in feet of water

H, = saturation vapor pressure in feet of water

H, = vertical height of the impeller eye above the water surface in feet

hg =  pressure loss due to friction in the suction (intake) line in feet of head

(pressure losses in psi must be multiplied by 2.31 to convert to feet)
(H,- H,) For a Range of Temperatures and Elevations
Water Temp. Elevation Above Sea Level (ft)
Degrees F° 0 1000 2000 3000 4000 5000 6000

40 33.7 325 31.4 30.3 29.2 28.1 27.0
50 33.6 32.4 31.3 30.2 29.1 28.0 26.9
60 33.4 32.2 31.1 30.0 28.9 27.8 26.7
70 33.2 32.0 30.9 29.8 28.7 27.6 26.5
80 32.8 316 315 29.4 28.3 27.2 26.1
90 32.4 31.2 30.1 29.0 27.9 26.8 25.7
100 31.8 30.6 29.5 28.4 27.3 26.2 25.1
110 31.1 29.9 28.8 27.7 26.6 25.5 24.4
120 30.1 28.9 27.8 26.7 25.6 245 23.4
130 28.9 27.7 26.6 25.5 245 23.3 222
140 27.3 26.1 25.0 23.9 228 217 20.6
150 25.4 24.2 23.1 22,0 20.9 19.8 18.7
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Net Positive Suction Head Available (continued)

Example:

Using the diagram below and the chart on page 19 determine the Net Positive Suction Head
Available. The pump is located 3000 ft. above sea level, the water temperature is 60° F. The intake
line is 20 ft. long and the flow rate is 100 gpm. The pressure loss through the foot valve is 1.5 psi
and the pressure loss through the fittings is estimated at 0.5 psi.

4 in. Class 315 PVC j

6 ft.

~ 27+ .

Pa?® -

Foot_|
Valve

Minimum TR,
I Water P~ -

Q Level [~

30 -6 -(1.5x2.31)-(0.31 x 0.2 x 2.31)-(0.5 x 2.31)
19.24 ft. of head

NPSHA
NPSHA

The Net Positive Suction Head Available (NPSHA) can be calculated by the formula above
while the Net Positive Suction Head Required (NPSHR) varies from one pump model to another
and can be found with the pump performance curves provided by the manufacturer. For any given
pumping situation and pump model, the NPSHA must exceed the pump’s NPSHR in order for the
pump to operate properly and avoid cavitation.
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Total Dynamic Head

Total Dynamic Head is the amount of pressure that one pump must generate or be available
for proper sprinkler system operation. It represents the total of all pressure losses and requirements
including: 1) pressure change due to elevation, 2) sprinkler operating pressure, 3) friction loss in
pipes, fittings and valves and 4) the pressure required to move the water.

TDH = HS+Hp+hf+HV
Where:
TDH =  Total Dynamic Head is the maximum pressure the pump will be required to
generate.
H, =  Static Head, the vertical distance in feet from the surface of the water source to

the point of discharge, in feet.

Pressure Head, the pressure required at the discharge (sprinkler, emitter or

discharge pipe) in feet. (If sprinkler psi is used it must be multiplied by 2.31

to convert to feet.)

h¢ =  Friction Head, the pressure lost due to friction in pipe, valves and and fittings
from the water intake to the discharge point, in feet. (If pressure loss is
calculated in psi, it must be multiplied by 2.31 to convert to feet.)

H =  Velocity Head, the energy required to move the water at the intended velocity
(see velocity head) in feet. Because this is an insignificant loss in Total Dynamic
Head, it is sometimes ignored in these calculations.

»
I

Example:

Determine the Total Dynamic
Head where the sprinkler
operating pressure is 50 psi, the 4in. Class
maximum flow is 150 gpm, the 315 PVC
intake line is 35 ft. long and
the discharge line is 450 ft. The 90 ft.
pressure loss in the foot valve 4 in. Class
at that flow rate is given by the 315 PVC
manufacturer to be 1 psi. In this
sample problem we ignore the
pressure loss in fittings.

Minimum

Foot_ Water
Valve Level

TDH = Hs+Hp+Hf+Hv

TDH = (90 + 6) + (50 x2.31) + [(35 +450) x ( 0.66 )x2.31] + (1 x2.31) +4.16*
100 64.4

TDH = 221.47 ft.
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Water Horsepower Requirements

30

This formula, also called Theoretical Horsepower, is used to calculate the amount of power
required to pump a given volume of water at a specified head.

WHP

Where:

WHP
GPM
TDH
3960

Example:

GPM x TDH
3960

horsepower output required

gallons per minute flow from the pump

Total Dynamic Head in feet of head

constant used to convert flow and head into horsepower

What is the water horsepower requirement to pump 200 gpm at 350 ft. of head?

WHP

WHP

200 x 350
3960

17.7
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Coefficient of Uniformity

This formula is used to measure the variability of water distribution over a given area. It is
calculated by using a series of catchments and comparing the averaﬁ (mean) catchment and the

deviation from that average. This formula was developed by J.E. Christiansen.
C, = 100 (1.0-2){ )
mn
Where:
C, = Uniformity Coefficient
X = the deviation of individual observations or catchments
>x = the sum of the deviations of individual observations from the mean value, m
m = mean value of all observations in the distribution
n = number of observations in the distribution
100 = constant for conversion to percent
Example:
Catchment Quantity Deviation From Mean
Sprinkler Head Catchment # (ml) (mean = 46.75 ml)
’7 Catchment (number) ; 48 125
\ 4
oV e 2 51 4.25
® ® 3 44 275
@ 4 41 5.75
5 45 1.75
@ @ 6 44 275
7 50 3.25
@ 8 51 425
@ Total 26.00
[ [

Note: catchment may be expressed in any convenient unit ( i.e. milliliters, ounces, etc.), as long as all catchments are measured in
the same units.

In a landscape area, eight catchments are placed between sprinklers and the above
observations recorded. What is the Coefficient of Uniformity?

C

. 100 (1.0- %)

C = 93.0

u
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Distribution Uniformity

This formula is one of several that are titled Distribution Uniformity. It is used to estimate
the variation in water application between sprinklers resulting from pressure variation, improper
nozzle selection or lack of maintenance.

DU = 100 x (m;)

M
Where:
DU =  Distribution Uniformity expressed as a percent
MQ1 = mean of observations in lowest 25% of the distribution
M = mean of distribution
100 = constant for conversion to percent
Example:

Sprinkler Head Quantity after 15 minutes
Catchment (number) Catchment # in milliliters

13*
o 18*
® G 22
17*
19
23
19
21
22
10 23
11 24
12 22
Total 243

® <«
@Q ® O«
® ©

© O N O o b~ O N =

®
©®
D)

®
®

*Lowest 1/4 = 48

Note: catchment may be measured in any units
(inches, ounces, millimeters, etc.)

0 ()

DU =100 x (#625)

DU =100 x 0.79
DU = 79%
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Precipitation Rate

Two formulas are shown below, the first is most useful when comparing precipitation rates
between different types of sprinklers or calculating precipitation rates on areas with a single type
of sprinkler and uniform head and row spacing. The second method is better suited to areas where
sprinkler head flows or spacing varies. Metric versions are shown in parenthesis.

Precipitation Rate - Method #1 - Individual Head Method

PR 34650 x GPM (for any arc) bR - ms/hr (for any arc) .X 360,000 —  mm/hr
Degrees Arc x Head Spacing x Row Spacing Degrees of arc x Head spacing (m) x Row Spacing (m)
PR - 1/min (for any arc) .X 21,600 R
Degrees of arc x Head spacing (m) x Row Spacing (m)
Where:
PR = precipitation rate in inches per hour
GPM = flow for a given sprinkler of any arc, in gallons per minute
Degrees Arc = the arc of the given sprinkler in degrees
Head Spacing = the space between the heads in a row, in feet
Row Spacing = the space between rows of heads, in feet
34650 = constant for conversion of area and flow into common units
Example:

What is the precipitation rate for a 270 degree sprinkler with 6.8 gpm spaced at 28' by 30'?

PR = 34,650 x 6.8
270 x 28 x 30
PR = 1.04in./hr.

Precipitation Rate - Method #2 - Total Area Method

o 96.25 x Total GPM PR - Total m¥/hr x 1,000 _ mm/hr PR - Total 1/min x 60 - mm/hr
B Total Area Total Area (m’) Total Area (m?)

Where:
PR = precipitation rate in inches per hour
Total GPM = total flow from all sprinklers in the given area in gallons per minute
Total Area = the given irrigated area in square feet
96.25 = constant for conversion of area and flow into common units
Example:

What is the average precipitation rate for a section of turf 325' by 80" if the total flow from
all sprinklers in the area is 112 gpm.

PR = 9625 x 112
(325 x 80)
PR = 0.41in./hr
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Precipitation Rate - Minimum Rate Required

This formula is used to determine the minimum precipitation rate than can be used to deliver

the required water during the peak period of water usage.

ET x Total Acres

Minimum PR = ; . .
Hours Avail. x Acre per Section x Valves x Efficiency
Where:
Minimum PR = minimum required precipitation rate in inches per hour
ET = amount of water to be applied in inches per day, including crop
coefficient
Total Acres = the area to be irrigated in acres
Hours Avail. = hours available for irrigation each day
Acres per Section = average area covered by one control valve in acres
Valves = number of valves operating at one time
Efficiency = system operating efficiency in decimal equivalent of percent
Example:

What is the minimum precipitation rate that will deliver 0.28 inches of water to 15 acres under

the following conditions:

34

® during a 12 hour period

e the average section is 0.40 acres (17,424 sq. ft.)
there will be two valves operating at one time

e the system efficiency is 75%

0.28 x 15
12 x0.40 x 2 x.75

= 0.58 in./hr. minimum precipitation rate required
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How to Calculate Areas

Square or rectangle

Area=LxW

L = length

W = width

A =90 ft x 50 ft
= 4,500 sq fr |W=50

Ovals or egg shapes

(within § percent accuracy)

Area=0.8LxW

L = length

W = width at midpoint —40

Area = 0.8 x 60 x 40 ft L=60
=1,920 sq ft

12

Circle
(within § percent accuracy)

Area = 0.8 D* D=50

D = diameter

Area = 0.8 x 50 ft x 50 ft
=2,000s sq ft

.

Unusual shapes

Irregular shapes
Find the length of the
longest line across
the area. Every

10 ft along the
length line, measure
the width of the area
at right angles to the length
line. Total all widths

and multiply by 10.

32 feet

Area=(A+B + C,etc.) x 10
=(32ft+50ft+45ft+ 17 ft) x 10
=144 x 10
= 1,440 sq ft

Triangle

Area=0.5xBxH

Divide the area into sections of regular geometric shapes,

calculate the area of each section, then total:

Area of triangle
+ Area of rectangle
+ Area of one-half of circle
= Total area

B = base
H = height
Area=0.5x 125 ftx 75 ft
= 4,687 sq ft
B=125
Trapezoid A=50
Area=0.5x (A +B)xH I
A = one parallel side | H=30
B = second parallel side |
H = height perpendicular I
to parallel sides .
Area = 0.5 x (50 ft + 70 ft) x 30 ft B=70
=0.5x 120 ft x 30 ft
= 1,800 sq ft
Circle
Area = mr?
n=3.14
R = radius
Area = 3.14 x (30 ft x 30 ft)
=2,826sq ft
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Scheduling Coefficient

A scheduling coefficient is used to measure the uniformity of water distribution by relating
the lowest precipitation rate for any contiguous region within an irrigated area to the overall
precipitation rate of the entire area.

SC = PR
LPR
Where:
SC = Scheduling Coefficient, 1.0 would be perfect uniformity
PR =  Precipitation Rate
LPR =  Lowest Precipitation Rate in the irrigated area
Example:

~In a catchment test, collectors are placed at two foot intervals. The average precipitation rate
is calculated to be 1.6 in./hr. The lowest precipitation rate of all catchments was 0.8 in./hr. What
is the Scheduling Coefficient?

sC = 1.6 SC = 2.0
0.8

Irrigation Frequency

The Irrigation Frequency Formula calculates the maximum interval allowed between irrigation
cycles. This irrigation interval is dependent on soil type, root zone depth and water lost by
evapotranspiration of a specific crop.

The frequency, or "Set Days To Water", is calculated using the following formula

F = AWHC x RZ x MAD
Et, x K.
Where:
F = Irrigation frequency
AWHC = Available Water Holding Capacity is the moisture level in the soil which is

above the plant's permanent wilting point, and below the soil's field capacity,
in inches per foot
RZ = root zone, in feet

MAD = Management Allowable Depletion of water from the AWHC percent. MAD of
30-50% will sustain a healthy landscape.

Et, = reference evapotranspiration rate, in inches per day

K. = crop coefficient, decimal
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Example:

A zone in your system is irrigating established warm season turf which is growing in a sandy
loam on a slight slope with an available water holding capacity of 1" per foot of soil. The root
depth of the turf is 9". The average precipitation rate is 0.49 inches/hour. The system is located
in San Marcos, CA where the daily moisture loss (ET,) to be replenished is 0.20 inches. The crop
coefficient (K. ) is set at 70%. The allowable water depletlon will be 50%.

F = 1.0" x 0.75' x 50% = 1.0 x 0.75 x 0.50 = 2.68 = 2 days
0.20" x 0.70 0.20 x 0.70

Sprinkler Run Time

The sprinkler run time formula calculates the number of minutes required to apply enough
water to replace the water lost by evapotranspiration for a specific crop irrigated with a system at a
particular precipitation rate and efficiency.

The "run time" is calculated using the following formula.

T = 60 x D x Et; x K.
PR x IE

Where:

T =  sprinkler run time in minutes

60 = constant for conversion of area, flow, inches per hour and inches per day into

common units

D =  watering frequency in days

Et, = reference evapotranspiration rate, in inches per day

K. = crop coefficient, decimal

PR = precipitation rate of the area, in inches per hour

IE = application efficiency of the system, percent
Example:

Determine the sprinkler run time for an athletic field with a daily Et_ of 0.15 inches and a crop
coefficient for the warm season turf of 0.70. The watering schedule is set for every three days. The
sprinkler precipitation rate is 0.50 in./hr. with an application efficiency of 75%.

T = 60 x 3 x 0.15" x .70 = 60 x 3 x 0.15 x .70
0.50" x 75% 0.50 x 0.75
T = 50 minutes every 3 days
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Variables and Units

SYMBOL DEFINITION ENGLISH UNITS SI UNITS
a Cross-sectional area of pipe flow in.2 mm?

A, Area of land ft.2 acres m?, ha
Ag Area of land ft.2 m?2

AW Available soil water in. cm

BP Barometric pressure ft m

C Hazen-Willimas friction coefficient none none

C, Christiansen’s coefficient of uniformity % %

d Inside diameter of a pipe in. mm

d, Difference between an observed value and the mean value in.2 mL

Dy Diameter of throw of sprinkler ft. m

DU Distribution uniformity Y% Y%

E Elevation of a point ft. m

EA Application Efficiency Yo %

ET. Crop Evapotranspiration in./day mm/day
ET, Reference Evapotranspiration in./day mm/day
H Energy head, usually sum of elevation and pressure ft. m

| Electrical current amps A

ID Inside diameter of pipe in. mm

hy Energy loss due to friction ft./ft. m/m

Ke Crop Coefficient % %

kPa Kilopascals psi bars

Kg Constant used to compute sprinkler spacing none none

L Spacing between lateral lines ft. m

MAD Management allowed depletion none none

MC Maximum coverage for single row sprinklers ft. m

n Number of observations in a uniformity test none none
NPSHA Net positive suction head available ft. m
NPSHR Net positive suction head required ft. m

oD Outside diameter of pipe in. mm

P Pressure of water Ib./in.2 (psi) kPa, bars
Pal Allowable loss in pressure Ib./in.2 (psi) kPa, bars
Pav Average pressure in a zone Ib./in.2 (psi) kPa, bars
PET Potential evapotranspiration in./day mm/day
PSI Pounds per square inch

PR Precipitation rate in./h mm/h

PL Pressure losses due to friction ft. m

Po Sprinkler operating pressure psi kPa, bars
Pv Pressure Variation % %o

Pq Static Pressure psi kPa, bars
Q Flow of water in a pipe or from a sprinkler gal/min L/s

Jde Flow of water gal/min 1/min.,m%hr
R Electrical resistance ohms

Rt Radius of throw of sprinkler ft. m

RAW Readily available water in. mm

S Sprinkler spacing ft. m

SC Scheduling coefficient ratio ratio

SD Scalloped distance ft. m

t Time of application or other timed events h h

TDH Total dynamic head ft. m

v Average velocity of water in a pipe ft/s (fps) m/s

Vo Electrical voltage volts \

VP Vapor pressure of water ft. m

X Mean of all values in C, eq.

XLaq Mean of the lower one-fourth of the application values, D, eq.

z Change in elevation between two points ft. m

Hunfer
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Hunter Industries Conversion Table

Note: Conversions listed in this manual are not exact. Refer to sources such as Handbook

of Chemistry and Physics and C.R.C. Standard Math Tables by the Chemical Rubber
Company, Scientific Tables by Ciba-Geigy Ltd., Websters Desk Encyclopedia by
Griesewood and Dempsey, Field Geologists Manual by the Australian Institute of Mining
and Metallurgy, Conversion Factors by Forney’s Inc., Conversions by Cahn Instruments
and Technical Reference Handbook by E.P. Rasis for more detailed conversions and
specifications.
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Convert From Into Multiply By
Area
ACreS . .ot hectares or sq. hectometer - - - - - - - - - - - 0.4047
sq.feet - - - - - - - - - - - 43,560
sq. meters - - - - - - - - - - - - - - - - 4,047
sq. miles - - - - - - - - - - - - oo - - - - - 0.0015625
sq.yards - - - - - - - - - - - - - - - - - 4,840
sqg.inches - - - - - - - - - - - - - - - 6,272,640
hectares .......... .. ... ... . ... acres - - - - -~ - = s - - e - - s - e - e 2.471
SQ.CM. - - - - = = = - - - - - - - - 100,000,000
sq.feet - - - - - - - - - - - 107,629
sg. meters - - - - - - - - - - - - - - - - 10,000
sq. miles - - - - - - - - - - - oo oo oo - - 0.00386
square centimeters ............... acres - -~ - - - = = = = .- .- s e e m - ... 2.4702 x 10°®
sq.feet - - - - - - - - - - - - 0.001076
sq.inches - - - - - - - - - - - - - - - - - - - 0.155
sqg. millimeters - - - - - - - - - - - - - - - - 100
sq. miles - - - - - - - - - - - - oo - - - - - 3.861 x 10
sg.yards - - - - - - - - - - - - - - - - - - - 0.0001196
squarefeet ........ ... ... ... ... acres - - - - - - - - - - - - - - - - e o e 2.2957 x 10°®
sq. centimeters - - - - - - - - - - - - - - - 929.03
sqg.inches - - - - - - - - - - - - - - - - - - 144
sg. meters - - - - - - - - - - - - - - - - - - 0.0929
sq. miles - - - - - - - - - - - - oo - - - - - 3.58701 x 108
sg. millimeters - - - - - - - - - - - - - - - - - 9.29 x 10*
sg.yards - - - - - - - - - - - - - - - - - - - 0.1111
squareinches ................... acres - - - - -~ - = = - - .- - - m e s a e 1.594 x 107
sq. centimeters - - - - - - - - - - - - - - - - 6.4516
sq.feet - - - - - - - - - - - oo o 0.00694
sq. meters - - - - - - - - - - - - - - - o - - 0.000645
sg.miles - - - - - - - - - - - - - - - - - - - 2.491 x 107°
sg. millimeters - - - - - - - - - - - - - - - - 645.16
square kilometers ................ acres - - - - - - = s - - e e - .- - .- - 247.105
sq. centimeters - - - - - - - - - - - - - - - - 1.0x 10
sq.feet - - - - - - - - - - oo oo 1.07639 x 107
sq.inches - - - - - - - - - - - - - oo oo - - 1.550003 x 10°
sg. meters - - - - - - - - - - - - - - - - - - 1.0 x 10°
sq. miles - - - - - - - - - - - oo oo oo - 0.3861
sq.yards - - - - - - - - - - - - - - - - - - - 1.196 x 10°
squaremeters ................... acres - - - - - - - - - - - - - - - - - - - - 0.000247
hectares - - - - - - - - - - - - - - - - - - 0.0001
sq. centimeters - - - - - - - - - - - - - - 10,000
sq.feet - - - - - - - - - - - - a oo 10.7639
sq.inches - - - - - - - - - - - - - - - - - 1,550.003
sq. kilometers - - - - - - - - - - - - - - - - - 1.0 x 10°®
sq. miles - - - - - - - - - - - - - -0 2o - 3.86 x 107
sqg. millimeters - - - - - - - - - - - - - - - 1x108
sq.yards - - - - - - - - - - - - - - - - - - - 1.195961
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Convert From Into Multiply By

Area (continued)

squaremiles . .......... .. ... acres - - - - - - - - - - - - - - - - - - - 640
hectares - - - - - - - - - - - - - - - - - - 258.999
sq.feet - - - - - - - - - - - - - - - - - - - - 2.78783 x 107
sq. kilometers - - - - - - - - - - -2 - - - - - 2.58999
sg. meters - - - - - - - - - - - - - - - 258,999
sg.yards - - - - - - - - - - - - - - 3,098,000 (3.098 x 10°)
square millimeters . .............. sg. centimeters - - - - - - - - - - - - - - - - 0.01
sqg.feet - - - - - - - - - - - - - - - - - - - - 1.076 x10°%
sq.inches - - - - - - - - - - - - - - - - - - - 0.00155
sg. meters - - - - - - - - - - - - - - - - - - 1.0 x10°®
squareyards .. ... acres - - - - - - - - - - - - - - - - - - - - 0.000207
hectares - - - - - - - - - - - - - - - - - - - 8.3613 x 10
sq. centimeters - - - - - - - - - - - - - - 8,361.27
sq.feet - - - - - - - - - - - oo oo oo 9
sq.inches - - - - - - - - - - - - - - - - - - 1296
sq. meters - - - - - - - - - - - - - - - - - - 0.8361
sg.miles - - - - - - - - - - - - - - - - - - - 3.228 x 107
Concentration
kilograms/hectare ................ pounds/acre - - - - - - - - - - - - - - - - - - 0.8924
part per million .................. grams/liter - - - - - - - - - - - - - - - - - - 0.001
milligrams/liter - - - - - - - - - - - - - - - - - 1
ounces/ton (short) - - - - - - - - - - - - - - - 0.0292
percent - - - - - - - - - - - - - - - - - - - - 0.0001
pounds/millions gallons - - - - - - - - - - - - - 8.345
pounds per cu. foot .. ............. grams/cu. centimeter - - - - - - - - - - - - - - 0.016018
kilograms/cu. meter - - - - - - - - - - - - - - 16.018
pounds/cu.inch - - - - - - - - - - - - - - - - 5.787 x 10*
pounds/cu.yard - - - - - - - - - - - - - - - - 27
Flow
cu. feet per minute ............... acreffeethr - - - - - - - - - - - - - - - - - - 0.00138
acre-feetmin - - - - - - - - - - - - - - - - - 2.2956 x 10
cu. meters/sec - - - - - - - - - - - - - - - - - 0.00047195
gallons (US)/min - - - - - - - - - - - - - - - - 7.48052
liters/sec - - - - - - - - - - - - - - - oo - - 0.47193
cu.feetpersecond ............... acre-inchesthr - - - - - - - - - - - - - - - - - 0.99173
Cu. meters/sec - - - - - - - - - - - - - - - - - 0.02832
gallons (US)/min - - - - - - - - - - - - - - - 448.83
liters/min - - - - - - - - - - - - - - - - - 1,698.96
liters/sec - - - - - - - - - - - - - - - - - - - 28.316
millions gallons (US)/day - - - - - - - - - - - - 0.64632
gallons (US)perday .............. cu. feethour - - - - - - - - - - - - - - - - - - 0.00557
gallons (British) per hour .......... cu. meters/minute - - - - - - - - - - - - - - - 7.5768 x 10°®
gallons (US) per hour ............. acre-feet/hour - - - - - - - - - - - - - - - - - 3.0689 x 10®
cu. feethour - - - - - - - - - - - - - - - - - 0.13368
cu. meters/minute - - - - - - - - - - - - - - - 6.309 x 10°
gallons/minute - - - - - - - - - - - - - - - - - 0.0166667
liters/hour - - - - - - - - - - - - oo oo o - 3.7853
gallons (US) per minute ........... acre-feet/day - - - - - - - - - - - - - - - - - 0.0044192
cu. feethour - - - - - - - - - - - - - - - - - - 8.0208
cu. feet/second - - - - - - - - - - - - - - - - 0.002228
cu. meters/hour - - - - - - - - - - - - - - - - 0.2268
cu. meters/second - - - - - - - - - - - - - - - 0.000063
gallons (US)/hour - - - - - - - - - - - - - - - 60
liters/minute - - - - - - - - - - - - - - - - - - 3.7853
liters/second - - - - - - - - - - - - - - - - - - 0.06308
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FIOW (continued)
liters perminute ................. cu. feet/minute - - - - - - - - - - - - - - - - - 0.0353
cu. feet/second - - - - - - - - - - - - - - - - 0.000588
gallons/minute - - - - - - - - - - - - - - - - - 0.26418
gallons/second - - - - - - - - - - - - - - - - 0.004403
liters persecond ................. cu. feet/minute - - - - - - - - - - - - - - - - - 2.1189
cu. feet/second - - - - - - - - - - - - - - - - 0.0353
cu. yards/minute - - - - - - - - - - - - - - - - 0.07848
liters per second-square meter . . . ... gallons/minute-sq. foot - - - - - - - - - - - - - 1.4726
millions of gallons perday ......... acre feet/day - - - - - - - - - - - - - - - - - 3.0689
acre inches/day - - - - - - - - - - - - - - - - 36.8266
acre inches/hour - - - - - - - - - - - - - - - - 1.53444
cu. feethour - - - - - - - - - - - - - - - - 5,570.023
cu. feet/minute - - - - - - - - - - - - - - - - - 92.834
cu. feet/second - - - - - - - - - - - - - - - - 1.547
gallons/hour - - - - - - - - - - - - - - - - 41,666.667
gallons/minute - - - - - - - - - - - - - - - - 694.4444
pounds of water per minute ........ cu. feet/second - - - - - - - - - - - - - - - - - .000267
Length
centimeters ..................... feet - - - - - - - - - - - oo oo e oo o 0.03281
inches - - - - - - = = - - - - - - - oo 0.3937
meters - - - - - - - - - - - - - - - - - - - - 0.01
microns - - - - - - - - - - - - - - - - - - 10,000
miles (statute) - - - - - - - - - - - - - - - - - 6.2137 x 10°®
millimeters - - - - - - - - - - - - - - - - - - 10
mils - - - - - - - - - - - - - o oo e e 393.7
picas (printers) - - - - - - - - - - - - - - - - - 2.371
points (printers) - - - - - - - - - - - - - - - - 28.4528
yards - - - - - - - - - - - - - - - - oo oo 0.01094
feet ... . centimeters - - - - - - - - - - - - - - - - - - 30.48
inches - - - - - - - - - - - - - - - - - - - 12
kilometers - - - - - - - - - - - - - - - - - - - 3.048 x 10+
meters - - - - - - - - - - - - - - - - - - - - 0.3048
microns - - - - - - - - - - - - - - - - - 304,800
miles (statute) - - - - - - - - - - - - - - - - - 0.000189
millimeters - - - - - - - - - - - - - - - - - 304.8
yards - - - - - - - - - - - - - - - - - - - - 0.333333
inches .......... ... ... ... .. .... centimeters - - - - - - - - - - - - - - - - - - 2.54
feet - - - - - - - - - - oo e e e e e 0.08333
meters - - - - - - - - - - - - - - - - - - - - 0.0254
microns - - - - - - - - - - - - - - - - - - 25,400
miles - - - - - - - - - - - - - oo oo oo - 1.578 x 10°®
millimeters - - - - - - - - - - - - - - - - - - 25.4
mils - - - - - - - - - - - - - - - - - - - 1,000
yards - - - - - - - - - - - - - - - - - - - - - 0.0278
kilometers .......... ... ... ..., centimeters - - - - - - - - - - - - - - - 100,000
feet - - - - - - - - - - - - 3,280.84
inches - - - - - - - - - - - - - - - - - - 39,370
miles - - - - - - - - - - - - - - - - oo - - 0.62137
millimeters - - - - - - - - - - - - - - - - - 108
yards - - - - - - - - - - - - - - - - - 1,093.61
meters ............ .. . ... centimeters - - - - - - - - - - - - - - - - - 100
fathoms - - - - - - - - - - - - - oo 0.54681
feet - - - - - - - - - - - - - - 3.28084
furlongs - - - - - - - - - - - - - - - - - - - - 0.00497
inches - - - - - - - - - - - - - - - - - - - 39.3701
kilometers - - - - - - - - - - - - - - - - - - - 0.001
miles - - - - - - - - - - - - - - - - - - - - - 0.000621
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Length (continued)
milimeters - - - - - - - - - - - - - - - - 1,000
mils - - - - - - - - - - - - -2 - - 39,370.08
yards - - - - - - - - - - - - - - - - - - - - - 1.0936
MICIONS . .ottt centimeters - - - - - - - - - - - - - - - - - - 0.0001
feet - - - - - - - - - - - - - - - - - 3.2808 x 10
inches - - - - - - - - - ----------- 3.937 x 10°
meters - - - - - - - - - - - - - - - - - - 1x10°®
millimeters - - - - - - - - - - - - - - - - - - 0.001
miles (statute) ................... centimeters - - - - - - - - - - - - - - - 160,934
feet - - - - - - - - - - - - - - - - 5,280
furlongs - - - - - - - - - - - - - - - - - - - - 8
inches - - - - - - - - - - - - - - - - - 63,360
kilometers - - - - - - - - - - - - - - - - - - - 1.609344
lightyears - - - - - - - - - - - - - - - - - - - 1.701 x 102
meters - - - - - - - - - - - - - - - - - - 1,609.344
yards - - - - - - - - - - - - - - - - - - - 1,760
millimeters . .. ........ ... . centimeters - - - - - - - - - - - - - - - - - - 0.1
feet - - - - - - - - - - - e 0.00328
inches - - - - - - - - - - - - - - - 0.03937
meters - - - - - - - - - - - - - - - - - - - - 0.001
mils - - - - - - - - - - - - - - - - 39.37
yards - - - - - - - - - - - - - - - - - - - - - 1.094 x 10
mils ... centimeters - - - - - - - - - - - - - - - - - - 254 x 10%
feet - - - - - - - - - - - o 8.333x 10°
inches - - - - - - - - - - - - - - - 0.001
kilometer - - - - - - - - - - - - - - - - - - - 254 x 10%
yards - - - - - - - - - - - - - - - oo oo - 2.778 x 10
yards ... centimeters - - - - - - - - - - - - - - - - - - 91.44
cubits - - - - - - - - - - - - e e e e - 2
fathoms - - - - - - - - - - - - - oo 0.5
feet - - - - - - - - - - - e 3
furlongs - - - - - - - - - - - - - - - - - - - - 0.004545
inches - - - - - - - - - - - - - - - - - - - 36
kilometers - - - - - - - - - - - - - - - - - - - 9.144 x 10*
meters - - - - - - - - - - - - - - - - - - - - 0.9144
miles - - - - - - - - - - - - - - - - - - - - - 5.682 x 10*
millimeters - - - - - - - - - - - - - - - - - 914.4
Light Intensity
foot-candles .................... foot-lamberts - - - - - - - - - - - - - - - - - 1
lumens/sq. foot - - - - - - - - - - - - - - - - 1
lumens/sq. meter - - - - - - - - - - - - - - - 10.7639
lux - - - - - - - - - - - - ---------- 10.7639
lumens ........ ... .. .. candle power - - - - - - - - - - - - - - - - - 0.07958
watt - - - - - - - - - - - - - - - 0.0015
lumens per square foot .. .......... foot-candles - - - - - - - - - - - - - - - - - - 1
foot-lamberts - - - - - - - - - - - - - - - - - 1
lumens/sq. meter - - - - - - - - - - - - - - - 10.7639
lumens per square meter .......... foot-candles - - - - - - - - - - - - - - - - - - 0.0929
lumens/sq. foot - - - - - - - - - -2 2o - - - 0.0929
UX .o foot-candles - - - - - - - - - - - - - - - - - - 0.0929
lumens/sq. meter - - - - - - - - - - - - - - - 1
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Power

BTU ... ... foot-pounds - - - - - - - - - - - - - - - - - 777.649
horsepower-hours - - - - - - - - - - - - - - - 0.00039
kilowatt-hrs - - - - - - - - - - - - - - - - - - 0.00029287
kilowatt-hrs. (international) - - - - - - - - - - - 0.00029283
joules - - - - - - - - - - - oo - oo - 1,054.35
joules (international) - - - - - - - - - - - - 1,054.18
therms - - - - - - - - - - - - - - - - - - - - 0.00001

BTUperhour ................... horsepower/hours - - - - - - - - - - - - - - - 0.00039
kilowatts - - - - - - - - - - - - - - - - - - - 0.00029
watts - - - - - - - - - - - - - - - oo oo 0.29287

BTU per minute ................. foot-pounds/second - - - - - - - - - - - - - - 12.96
horsepower - - - - - - - - - - - - - - - - - - 0.02356
kilowatts - - - - - - - - - - - - - - - - - - - 0.01757
watts - - - - - - - - - - - - - - - - - - - - - 17.5725

foot-pounds .. .......... ... .. ..., horsepower-hours - - - - - - - - - - - - - - - 5.05 x 107
kilowatt-hours - - - - - - - - - - - - - - - - - 3.766 x 107

horsepower (mechanical) .......... Btu/minute - - - - - - - - - - - - - - - - - - 42.436
ft.-pounds/min - - - - - - - - - - - - - - - 33,000
ft.-pounds/second - - - - - - - - - - - - - - 550
horsepower (electric) - - - - - - - - - - - - - - 0.9996
horsepower (metric) - - - - - - - - - - - - - - 1.0139
horsepower (water) - - - - - - - - - - - - - - - 0.99954
kg-calories/minute - - - - - - - - - - - - - - - 10.68
kilowatts - - - - - - - - - - - - - - - - - - - 0.7457
watts - - - - - - - - - - - - - - - - - - - - 745.7

kilowatts .............. ... .... Btu/hour - - - - - - - - - - - - - - - - - - 3414.4
foot-pounds/hour - - - - - - - - - - - - 2,655,000
horsepower - - - - - - - - - - - - - - - - - - 1.341
horsepower (boiler) - - - - - - - - - - - - - - - 0.1019
horsepower (electric) - - - - - - - - - - - - - - 1.34
horsepower (metric)y - - - - - - - - - - - - - - 1.3596
kilowatts (international) - - - - - - - - - - - - - 0.99983

kilowatt-hours ................... Btu - - - - - - - - - - - oo oo e oo 3414.4
horsepower-hours - - - - - - - - - - - - - - - 1.341
foot-pounds - - - - - - - - - - - - - - 2,655,000
kilogram-meters - - - - - - - - - - - - - 367,098

watts . ... ... Btu/hour - - - - - - - - - - - - - - - oo - 3.4144
horsepower - - - - - - - - - - - - - - - - - - 0.00134
horsepower (electric) - - - - - - - - - - - - - - 0.00134
horsepower (metric) - - - - - - - - - - - - - - 0.0013596
kilowatts - - - - - - - - - - - - - - - - - - - 0.001
watts (international) - - - - - - - - - - - - - - 0.9998

Pressure

atmosphere . ... L. bars - - - - - - - - - - - - - - - oo - - 1.01325
cm.of mercury @ 0°C - - - - - - - - - - - - - 76
cm.ofwater@4°C - - - - - - - - - - - - 1,033.26
dynes/sq.cm - - - - - - - - - - - - - 1,013,250
ft. of water @ 39.2°F - - - - - - - - - - - - - - 33.8995
in.of mercury @ 32°F - - - - - - - - - - - - - 29.9213
kg./sq.cm - - - - - - - - - - - - - - - - - - - 1.0332
kg./sq. meter - - - - - - - - - - - - - - - 10,332
metersof water@ 4°C - - - - - - - - - - - - - 10.3326
mm of mercury @ 0°C - - - - - - - - - - - - 760
pounds/sg.in - - - - - - - - - - - - - - - - - 14.696
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Pressure (continued)

dynes per square centimeter .. .....

feet of water @ 4° C ..

inches of mercury @ 32° F ... ... ...

inches of water @ 4° C

kilograms per cu. meter

kilograms per sq. centimeter .......

kilograms per sqg. meter

atmospheres - - - - - - - - - - - - - - - - - 0.98692
cm.of mercury @ 0°C - - - - - - - - - - - - - 75.0062
dynes/sq.cm - - - - - - - - - - - - - 1,000,000

ft. water @ 60°F - - - - - - - - - - - - - - - - 33.4883
in.of mercury @ 32°F - - - - - - - - - - - - - 29.53
pounds/sqg. foot - - - - - - - - - - - - - - 2,089
pounds/sqg.in - - - - - - - - - - - - - - - - - 14.5038
atmospheres - - - - - - - - - - - - - - - - - 9.869 x 107
bars - - - - - - - - - - - -2 1x10°%
centimeters of mercury @ 0°C - - - - - - - - - 7.500617 x 10°®
centimeters of water@4°C - - - - - - - - - - - 0.00101975
inches of mercury @ 32°F - - - - - - - - - - - 2.953 x 10°
inchesof water@4°C - - - - - - - - - - - - - 0.000401
pounds /sqg.inch - - - - - - - - - - - - - - - - 1.45x 10°%
atmospheres - - - - - - - - - - - - - - - oo 0.0295

cm. of mercury @0°C - - - - - - - - - - - - - 2.2419
dynes/sq. centimeter - - - - - - - - - - - - 29,889.80
grams/sqg. centimeter - - - - - - - - - - - - - - 30.479
inches of mercury @ 32°F - - - - - - - - - - - 0.8826
kilograms/sg. meter - - - - - - - - - - - - - 304.79
pounds/sg.inch - - - - - - - - - - - - - - - - 0.433501
atmospheres - - - - - - - - - - - - - - - - - 0.03342
bars - - - - - - - - - - e e e e e e - 0.03386
dynes/sqg. centimeter - - - - - - - - - - - - 33,864

ft. ofair@ 1 atm,60°F - - - - - - - - - - - - 926.2

ft. of water @ 39.2°F - - - - - - - - - - - - - - 1.1329
grams/sqg. centimeter - - - - - - - - - - - - - - 34.532
kilograms/sqg. meter - - - - - - - - - - - - - 345.32
millimeters of mercury @ 60°F - - - - - - - - - 25.4
ounces/sqg.inch - - - - - - - - - - - - - - - - 7.858
pounds/sg. inch - - - - - - - - - - - - - - - - 70.7264
atmospheres - - - - - - - - - - - - - - - - - 0.002458
dynes/sq. centimeter - - - - - - - - - - - - 2,490.80

inches of mercury @ 32°F - - - - - - - - - - - 0.07355
kilograms/sq. centimeter - - - - - - - - - - - - 0.00254
kilograms/sg. meter - - - - - - - - - - - - - - 25.399
ounces/sq. foot - - - - - - - - - - - - - - - - 83.235
ounces/sg.inch - - - - - - - - - - - - - - - - 0.57802
pounds/sq. foot - - - - - - - - - - - - - - - - 5.20218
pounds/sg.inch - - - - - - - - - - - - - - - - 0.03613
grams/cu centimeter - - - - - - - - - - - - - - 0.001
pounds/cu. foot - - - - - - - - - - - - - - - - 0.0624
atmospheres - - - - - - - - - - - - - - - - - 0.967

bars - - - - - - - - - - - - oo e e 0.98066
centimeters of mercury @ °C - - - - - - - - - 73.556
dynes/sq. centimeter - - - - - - - - - - - - 98,066

feet of water @ 39.2°F - - - - - - - - - - - - - 32.809
inches of mercury @ 32°F - - - - - - - - - - - 28.959
pounds/sq. foot - - - - - - - - - - - - - - 2,048
pounds/sg.inch - - - - - - - - - - - - - - - - 14.22
atmospheres - - - - - - - - - - - - - - - - - 9.678 x 10
bars - - - - - - - - - - - - - e e e 9.8066 x 10°
dynes/sq. centimeter - - - - - - - - - - - - - - 98.066

feet of water @ 39.2°F - - - - - - - - - - - - - 0.00328
inches of mercury @ 32°F - - - - - - - - - - - 0.0029
kilopascals - - - - - - - - - - - - - - - - - - 9.80665 x 10
millimeters of mercury @ 0°C - - - - - - - - - - 0.07356
pascals - - - - - - - - - - - - - - - - - - - - 9.8066
pounds/sqg. foot - - - - - - - - - - - - - - - - 0.20482
pounds/sq.inch - - - - - - - - - - - - - - - - 0.00142
pounds/sqg.yard - - - - - - - - - - - - - - - - 1.8433
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Pressure (continued)

kiloPascals (kPa) ................ bars - - - - - - - - - - e e e e e e e - 0.01
feetof water - - - - - - - - - - - - - - - - - - 0.33458
kilograms/sg. centimeter - - - - - - - - - - - - 0.0102
kilograms/sg. meter - - - - - - - - - - - - - 101.97
meters ofhead - - - - - - - - - - - - - - - - 0.1021
pounds/sg.inch - - - - - - - - - - - - - - - - 0.14503
centimeters of mercury @ 0°C - - - - - - - - - 0.75
centimeters of water@4°C - - - - - - - - - - - 10.197
dynes/sq. centimeter - - - - - - - - - - - - 10,000
grams/sqg. centimeter - - - - - - - - - - - - - - 10.197
inches of mercury @ 32°F - - - - - - - - - - - 0.2953
inches of water @ 39.2°F - - - - - - - - - - - - 4.014788
pounds/sqg. foot - - - - - - - - - - - - - - - - 20.88
millimeter of mercury @ 0°C - - - - - - - - - - 7.5
millibars . ....... ... ... atmospheres - - - - - - - - - - - - - - - - - 0.000987
bars - - - - - - - - - - - - - - - - - - 0.001
dynes/sq. centimeter - - - - - - - - - - - - 1,000
inches of mercury @ 32°F - - - - - - - - - - - 0.0295
pounds/sq. foot - - - - - - - - - - - - - - - - 2.0885
Newtons ....................... dynes - - - - - - - - - - - - - - - - - 100,000
pounds - - - - - - - - - - - - - - - - - - - - 0.2248089
Pascal ........ ... ... ... ... ..., Newton/sg. meter - - - - - - - - - - - - - - - 1
pounds/sg.inch - - - - - - - - - - - - - - - - 0.000145
pounds per square inch ........... atmospheres - - - - - - - - - - - - - - - - - 0.06805
bars - - - - - - - - - - - - - - - - - - - - - 0.06895
centimeters of mercury @ 0°C - - - - - - - - - 5.17149
centimeters of water@4°C - - - - - - - - - - - 70.3089
dynes/sq. centimeter - - - - - - - - - - - - 68,947
feet of water - - - - - - - - - - - - - - - - - - 2.307
grams/sqg. centimeter - - - - - - - - - - - - - - 70.307
inches of mercury @ 32°F - - - - - - - - - - - 2.036
inches of water @ 39.2°F - - - - - - - - - - - - 27.681
kilograms/sg. centimeter - - - - - - - - - - - - 0.07031
kilopascals (kPa) - - - - - - - - - - - - - - - - 6.895
pounds/sq. foot - - - - - - - - - - - - - - - 144
millimeters of mercury @ 0°C - - - - - - - - - - 51.715

Pressure Loss

bars per 100 meters . ............. kilopascals/100 meters - - - - - - - - - - - - 100.004
meters/100 meters - - - - - - - - - - - - - - - 10.211
psi/100 feet - - - - - - - - - - - - - - - - - - 4.421
kilopascals (kPa) per 100 meters . ... bars/100 meters - - - - - - - - - - - - - - - - 0.010
meters/100 meters - - - - - - - - - - - - - - - 0.1021
psi/100 feet - - - - - - - - - - - - - - - - - - 0.0442
meters per 100 meters . ........... bars/100 meters - - - - - - - - - - - - - - - - 0.0979
kilopascals/100 meters - - - - - - - - - - - - - 9.79
psi/100 feet - - - - - - - - - - - - - - - - - - 0.433
pounds per sq. inch (psi) per 100 feet. .bars/100 meters - - - - - - - - - - - - - - - - 0.226
kilopascals/100 meters - - - - - - - - - - - - - 22.621
meters/100 meters - - - - - - - - - - - - - - - 2.31
Temperature
Centigrade ..................... Fahrenheit - - - - - - - - - - - - - - - - ('Cx1.8) +32
Fahrenheit . ..................... Centigrade - - - - - - - - - - - - - - (‘F-32)/1.8

CONVERSIONS



Convert From Into Multiply By

Velocity
cu. meters/minute . ........... ... gallons (British)/min - - - - - - - - - - - - - 219.969
gallons (US)/min - - - - - - - - - - - - - - - 264.172
liters/min - - - - - - - - - - - - - - - - - - 1000
feetperminute .................. centimeters/second - - - - - - - - - - - - - - 0.508
kilometers/hour - - - - - - - - - - - - - - - - 0.018288
kilometers/minute - - - - - - - - - - - - - - - 0.000348
meters/minute - - - - - - - - - - - - - - - - - 0.3048
meters/second - - - - - - - - - - - - - - - - - 0.00508
miles/hour - - - - - - - - - - - - - - - oo - 0.011364
feetpersecond .................. centimeters/second - - - - - - - - - - - - - - 30.48
kilometers/hour - - - - - - - - - - - - - - - - 1.09728
kilometers/minute - - - - - - - - - - - - - - - 0.01829
meters/minute - - - - - - - - - - - - - - - - - 18.288
meters/second - - - - - - - - - - - - - - - - - 0.3048
miles’hour - - - - - - - - - - - - - - - - - - - 0.681818
feet per (second x second) ......... centimeters/(second x second) - - - - - - - - - - 30.48
kilometers/(hr x second) - - - - - - - - - - - - 1.0973
meters/(second x second) - - - - - - - - - - - - 0.3048
gravity constant ................. cm/(sec.xsec.) - - - - - - - - - - - - - - - 980.6
ft/(sec.xsec.) - - - - - - - - - - - - - - - - - 32.17
inchesperhour.................. centimeters/hour - - - - - - - - - - - - - - - - 2.54
feethour - - - - - - - - - - - - - - - - - - - 0.0833
miles’hour - - - - - - - - - - - - - - - - - - - 1.5783 x 10
inches perminute ................ centimeters/hour - - - - - - - - - - - - - - - 152.4
feethour - - - - - - - - - - - - - - - - - - 5
feet/second - - - - - - - - - - - - - - - - - - 0.0013889
miles’hour - - - - - - - - - - - - - - - - - - - 0.000947
kilometers perhour .. ............. centimeters/second - - - - - - - - - - - - - - 27.778
feethour - - - - - - - - - - - - - - - - - 3,280.84
feet/minute - - - - - - - - - - - - - - - - - - 54.6807
meters/second - - - - - - - - - - - - - - - - - 0.2778
miles/hour - - - - - - - - - - - - - - oo - - - 0.62137
meters per hour ................. feethour - - - - - - - - - - - - - - - - 3.2808
feet/minute - - - - - - - - - - - - - - - - - - 0.05468
knots - - - - - - - - - - - - - - - - - oo - - 0.00054
miles’hour - - - - - - - - - - - - - - - - - - - 0.000621
meters perminute ... .......... ... centimeters/second - - - - - - - - - - - - - - 1.66667
feet/minute - - - - - - - - - - - - - - - - - - 3.2808
feet/second - - - - - - - - - - - - - - - - - - 0.05468
kilometers/hour - - - - - - - - - - - - - - - - 0.06
milesthour - - - - - - - - - - - - - - - - - - - 0.03728
meters persecond ............... feet/minute - - - - - - - - - - - - - - - - - 196.85
feet/second - - - - - - - - - - - - - - - - - - 3.2818
kilometers/hour - - - - - - - - - - - - - - - - 3.6
miles/hour - - - - - - - - - - - - - - - oo - - 2.2369
miles/minute - - - - - - - - - - - - - - - - - - 0.03728
miles herhour ................... centimeters/second - - - - - - - - - - - - - - 44.704
feetthour - - - - - - - - - - - - - - - - - 5,280
feet/minute - - - - - - - - - - - - - - - - - - 88
feet/second - - - - - - - - - - - - - - - - - - 1.4667
kilometers/hour - - - - - - - - - - - - - - - - 1.6094
kilometers/minute - - - - - - - - - - - - - - - 0.0268
knots (international) - - - - - - - - - - - - - - 0.86897
meters/minute - - - - - - - - - - - - - - - - - 26.822
miles/minute - - - - - - - - - - - - - - - - - - 0.01667
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Convert From Into Multiply By

Volume
acre-feet ...... ... ... . ... ... cu.feet - - - - - - - - - - - - - - - - - - 43,560
cu.meters - - - - - - - - - - - - - - - - 1,233.482
cu.yards - - - - - - - - - - - - - - - - - 1,613.33
gallons (US) - - - - - - - - - - - - - - - 325,900
liters - - - - - - - - - - - - - - - - - 1,233,455.5
acreinches ..................... cu.feet - - - - - - - - - - - - - - - - - - 3,630
cu.meters - - - - - - - - - - - - - - - - - 102.79033
gallons (US) - - - - - - - - - - - - - - - - 27,154.29
bushels (British) ................. bushels (US) - - - - - - - - - - - - - - - - - 1.03206
cufeet - - - - - - - - - - - - - - oo 1.28435
gallons (British) - - - - - - - - - - - - - - - - 8
liters - - - - - - - = - - - - - oo oo e e o 36.3677
bushels (US) .................... bushels (British) - - - - - - - - - - - - - - - - 0.96894
cu.feet - - - - - - - - - - - - - oo oo 1.24446
gallons (USdry) - - - - - - - - - - - - - - - - 8
gallons (US liquid) - - - - - - - - - - - - - - - 9.30918
cu.centimeters .................. cu.feet - - - - - - - - - - - - - oo oo o 3.5315 x 10°%
cuinches - - - - - - - - - - - - - - - - - - - 0.06102
cu.meters - - - - - - - - - - - - - - - - 1x10°
gallons (British) - - - - - - - - - - - - - - - - 0.00022
gallons (USdry) - - - - - - - - - - - - - - - - 0.00023
gallons (US liquid) - - - - - - - - - - - - - - - 0.00026
liters - - - - - - - - - - - - - - - - - - - - 0.001
ounces (British liquid) - - - - - - - - - - - - - - 0.03519
ounces (US liquid) - - - - - - - - - - - - - - - 0.03381
cu.feet ......... .. ... . .. acre-feet - - - - - - - - - - - - - - - - - 2.296 x 10°
cu.centimeters - - - - - - - - - - - - - - 28,316.8
cu.inches - - - - - - - - - - - - - - - - - 1,728
cu.meters - - - - - - - - - - - - - - - - - - 0.02832
gallons (USdry) - - - - - - - - - - - - - - - - 6.42851
gallons (US liquid) - - - - - - - - - - - - - - - 7.48052
liters - - - - - - - - - - - oo oo oo oo 28.316
ounces (British fluid) - - - - - - - - - - - - - 996.614
ounces (US fluid) - - - - - - - - - - - - - - 957.506
pints (USdry) - - - - - - - - - - - - - - - - - 51.4281
pints (US liquid) - - - - - - - - - - - - - - - - 59.8442
quarts (USdry) - - - - - - - - - - - - - - - - 25.714
quarts (US liquid) - - - - - - - - - - - - - - - 29.922
cu. feet of water @ 60°F .......... pounds of water - - - - - - - - - - - - - - - - 63.367
cu.inches ........ ... ... ... . ..., cu.centimeters - - - - - - - - - - - - - - - - 16.3871
cu.meters - - - - - - - - - - - - oo oo - - 1.639 x 10°
cuyards - - - - - - - - - - - - - - oo - - 2.143 x 105
gallons (USdry) - - - - - - - - - - - - - - - - 0.00372
gallons (US liquid) - - - - - - - - - - - - - - - 0.00433
liters - - - - - - - - - - - - - - - - - - - - - 0.01639
milliliters - - - - - - - - - - - - - - - - - - - 16.3866
ounces (British liquid) - - - - - - - - - - - - - - 0.57674
ounces (US liquid) - - - - - - - - - - - - - - - 0.55411
quarts (USdry) - - - - - - - - - - - - - - - - 0.01488
quarts (US liquid) - - - - - - - - - - - - - - - 0.01732
cu.meters ......... .. acre-feet - - - - - - - - - - - - - oo o oo 0.00081
cu. centimeters - - - - - - - - - - - - 1,000,000
cufeet - - - - - - - - - - - - - - - - - - 35.3147
cu.inches - - - - - - - - - - - - - - - - - 61,023.70
cu.yards - - - - - - - - - - - - - - - - - - - 1.30795
gallons (British) - - - - - - - - - - - - - - - 219.969
gallons (US liquid) - - - - - - - - - - - - - - 264.172
liters - - - - - - - - - - - - - - - - - - - 1,000
quarts (US liquid) - - - - - - - - - - - - - 1,056.69
cu.yards . ... cufeet - - - - - - - - - - - - - - - 27
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Convert From

Into Multiply By

Volume (continued)

gallons (British) ..................

gallons (USdry) .................

gallons (US liquid) ...............

gallons (US) of water@ 4" C .......
gallons (US) of water @ 60° F ......

liters

cu.meters - - - - - - - - - - - - - - - - - - 0.76455
gallons (British) - - - - - - - - - - - - - - - 168.179
gallons (USdry) - - - - - - - - - - - - - - - 173.569
gallons (US liquid) - - - - - - - - - - - - - - 201.974
liters - - - - - - - - - - - oo e e 764.533
gallons - - - - - - - - - - - - - - - - - - - - 0.0625
pints’ - - - - - - - - - - - - - oo oo - oo - 0.5
milliliters - - - - - - - - - - - - - - - - - - 284.13
quarts - - - - - - - - - - - - - - - - - - - 0.25
tablespoons - - - - - - - - - - - - - - - - - - 16
teaspoons - - - - - - - - - - - - - - - - - - - 48

barrels (British) - - - - - - - - - - - - - - - - 0.0277
bushels - - - - - - - - - - - - - - - - - - - 0.125
cu. centimeters - - - - - - - - - - - - - - 4,546.09
cu.feet - - - - - - - - - - - oo 0.1605
cu.inches - - - - - - - - - - - - - - - - - - 277.419
gallons (US liquid) - - - - - - - - - - - - - - - 1.2009
liters - = = = = = = - - - e oo e e e e e 4.546
ounces (British liquid) - - - - - - - - - - - - - 160
ounces (US liquid) - - - - - - - - - - - - - - 153.721
pounds of water @ 62°F - - - - - - - - - - - - 10

barrels (USdry) - - - - - - - - - - - - - - - - 0.038096
barrels (US liquid) - - - - - - - - - - - - - - - 0.03694
cu. centimeters - - - - - - - - - - - - - - 4,404.88
cu.feet - - - - - - - - - - - - 0.15556
gallons (US liquid) - - - - - - - - - - - - - - - 1.163647
liters - - - - - - - - - - - - - - - - - - - - - 4.4048
acre-feet - - - - - - - - - - oo o oo oo 3.0688 x 10°®
barrels (US liquid) - - - - - - - - - - - - - - - 0.031746
barrels (US petroleum) - - - - - - - - - - - - - 0.023809
cu. centimeters - - - - - - - - - - - - - - 3,785.41
cu.feet - - - - - - - - - - - 0.13368
cu.inches - - - - - - - - - - - - - - - - - - 231
cu.meters - - - - - - - - - - - - - - - - - - 0.00378
cu.yards - - - - - - - - - - - - - - - - - - - 0.00495
gallons (British) - - - - - - - - - - - - - - - - 0.83267
gallons (USdry) - - - - - - - - - - - - - - - - 0.85937
gallons (US wine) - - - - - - - - - - - - - - - 1

liters - - - - - - - - - - - - - - - - .- 3.7853
ounces (US liquid) - - - - - - - - - - - - - - 128

pints (US liquid) - - - - - - - - - - - - - - - - 8

quarts (US liquid) - - - - - - - - - - - - - - - 4
pounds of water - - - - - - - - - - - - - - - - 8.34517
pounds of water - - - - - - - - - - - - - - - - 8.32823
bushels (British) - - - - - - - - - - - - - - - - 0.0275
bushels (US) - - - - - - - - - - - - - - - - - 0.02838
cu. centimeters - - - - - - - - - - - - - - 1,000
cu.feet - - - - - - - - - - oo oo oo 0.03532
cu.inches - - - - - - - - - - - - - - - - - - - 61.002
cu.meters - - - - - - - - - - - - - - - - - - 0.001
cu.yards - - - - - - - - - - - - - - - - - - - 0.001308
gallons (British) - - - - - - - - - - - - - - - - 0.21998
gallons (USdry) - - - - - - - - - - - - - - - - 0.22703
gallons (US liquid) - - - - - - - - - - - - - - - 0.26418
ounces (British fluid) - - - - - - - - - - - - - - 35.196
ounces (US fluid) - - - - - - - - - - - - - - - 33.81497
pints (British) - - - - - - - - - - - - - - - - - 1.7598
pints (USdry) - - - - - - - - - - - - - - - - - 1.8162
pints (US liquid) - - - - - - - - - - - - - - - - 2.1134
quarts (British) - - - - - - - - - - - - - - - - - 0.8799
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Convert From

Into Multiply By

Volume (continued)

52

pint (US liquid) ..................

quarts (US liquid) ................

tablespoons ......... ... ... .. ...

teaspoons

quarts (USdry) - - - - - - - - - - - - - - - - 0.9081
quarts (US liquid) - - - - - - - - - - - - - - - 1.0567
cu. centimeters - - - - - - - - - - - - - - - - 29.5737
cu.inches - - - - - - - - - - - - - - - - - - - 1.80469
CUPS - - = = = = - = = = = = - - - - - - - - - 0.1698
cuumeters - - - - - - - - - - - - - - - - - - 2.9574 x 10
drops - - - - - - - - - - - - - - - - - - - - 360.14
gallons (US liquid) - - - - - - - - - - - - - - - 0.00781
liters - - - - - - - - - oo e e e e e 0.02957
milliliters - - - - - - - - - - - - - - - - - - - 29.57
quarts (US liquid) - - - - - - - - - - - - - - - 0.0312
teaspoons - - - - - - - - - - - - - - - - - - - 6
tablespoons - - - - - - - - - - - - - - - - - - 2

cu. centimeters - - - - - - - - - - - - - - - 473.176
cufeet - - - - - - - - - - - - - - - 0.01671
cu.inches - - - - - - - - - - - - - - - - - - - 28.875
CUPS - - = = = = = - = = = - - - - - - - - - - 2

fiths - - - - - - - - - - - - - - - - - - - - 0.625
gallons (US liquid) - - - - - - - - - - - - - - - 0.125
liters - - = - = = = = = = = c - -0 - - - 0.473176
millimeters - - - - - - - - - - - - - - - - - 473.163
ounces (US liquid - - - - - - - - - - - - - - - 16

quarts (US liquid) - - - - - - - - - - - - - - - 0.5
teaspoons - - - - - - - - - - - - - - - - - - - 96
tablespoons - - - - - - - - - - - - - - - - - - 32

cu. centimeters - - - - - - - - - - - - - - - 946.353
cu.feet - - - - - - - - - - - 0.0334
cu.inches - - - - - - - - - - - - - - - - - - - 57.75
cu.meters - - - - - - - - - - - - - - - - - - 0.464 x 10*
cu.yards - - - - - - - - - - - - - - - - - - - 0.001238
fith - - - - - - - - - - - - - 1.25
gallons (US liquid) - - - - - - - - - - - - - - - - .25
liters - - - - - - - - - - - - - - - - - - 0.9463
magnums - - - - - - - - - - - - - - - - - - - 0.5
ounces (US liquid) - - - - - - - - - - - - - - - 32

pints (US liquid) - - - - - - - - - - - - - - - - 2

quarts (British) - - - - - - - - - - - - - - - - - 0.859367
shots - - - - - - - - - - - - - - - - - - - 32

CUPS - - - = = = = = = - - - - - - - - - - - - 0.0625
drops - - - - - - - - - - - -2 - - - - - 180

ounces (US liquid) - - - - - - - - - - - - - - - 0.5
quarts - - - - - - - - - - - - - - - - - - - - 0.01562
teaspoons - - - - - - - - - - - - - - - - - - - 3

CUPS - - - - - = = = = = = - - - - - - - - - - 0.02083
drops - - - - - - - - - - - - - - - - - - - - - 60

ounces (US liquid) - - - - - - - - - - - - - - - 0.1666
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Convert From Into Multiply By
Volume (continued)
teaspoons .......... ..., pinch - - - - - - - - - - - - - - - - - - - 3to4
pints - - - - - - - - - - - - - - - - - - 0.01042
quarts - - - - - - - - - - - - - - - - - - - - 0.00521
tablespoons - - - - - - - - - - - - - - - - - - 0.3333
Weight
dynes ... kilograms - - - - - - - - - - - - - - - - - - - 1.02 x 10°®
pounds - - - - - - - - - - - - - - - - - - - - 2.248 x 10
Grams ... dynes - - - - - - - - - - - - - - - - - - - 980.66
ounces - - - - - - - - - - - - - - - - - - - 0.03527
pounds - - - - - - - - - - - - - - - - - - - - 0.0022046
kilograms ......... ... . ... ... drams - - - - - - - - - - - - - - - - - - - 564.38
dynes - - - - - - - - - - - - - - - - - 980,665
grams - - - - - - - - - - - - - - - - - - 1,000
ounces - - - - - - - - - - - - - - - - - - - - 35.27396
pounds - - - - - - - - - - - - - - - - - - - - 2.20462
tons (short) - - - - - - - - - - - - - - - - - - 0.001102
milligrams .. ... .o grams - - - - - - - - - - - - - - - - - - - 0.001
ounces - - - - - - - - - - - - - - - - - - - - 3.527 x10°®
pounds - - - - - - - - - - - - - - - - - - - - 2.205x 10°
OUNCES .o ittt grams - - - - - - - - - - - - - - - - - - - - 28.349
kilograms - - - - - - - - - - - - - - - - - - - 0.02835
pounds - - - - - - - - - - - - - - - - - - - - 0.0625
tons (metric) - - - - - - - - - - - - - - - - - - 2.835x 10°
tons (short) - - - - - - - - - - - - - - - - - 3.125x 10°
pounds ............ i drams - - - - - - - - - - - - - - - - - - - 256
dynes - - - - - - - - - - - - - - - - - 444,800
grains - - - - - - - - - - - - - - - - - - 7,000
grams - - - - - - - - - - - - - - - - - - - 453.59
kilograms - - - - - - - - - - - - - - - - - - - 0.4536
ounces - - - - - - - - - - - - - - - - - - - - 16
tons (long) - - - - - - - - - - - - - - - - - - 0.0004464
tons (metric) - - - - - - - - - - - - - - - - - - 0.0004536
tons (short) - - - - - - - - - - - - - - - - - - 0.0005
pounds of water ................. cufeet - - - - - - - - - - - - - - - - - - 0.01602
cu.inches - - - - - - - - - - - - - - - - - - - 27.68
gallons - - - - - - - - - - - - - - - - - - - 0.1198
liters - - - - - - - - - - - - - - - - - - - - 0.4545
tons (metric) .......... ... .. .. ... dynes - - - - - - - - - - - - - - - - - - - - 9.807 x 108
kilograms - - - - - - - - - - - - - - - - - 1,000
ounces - - - - - - - - - - - - - - - - - - 35,273.95
pounds - - - - - - - - - - - - - - - - - - 2,204.62
tons (short) - - - - - - - - - - - - - - - - - - 1.1023
tons (short) ......... .. ... .. ..., dynes - - - - - - - - - - - - - - - - - - - - 8.8964 x 108
kilograms - - - - - - - - - - - - - - - - - - 907.18
ounces - - - - - - - - - - - - - - - - - - 32,000
pounds - - - - - - - - - - - - - - - - - - 2,000
tons (long) - - - - - - - - - - - - - - - - - - 0.89286
tons (metric) - - - - - - - - - - - - - - - - - - 0.90718
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Decimal and Metric Equivalents of Common Fractions

Fractions Decimals Millimeters Fractions Decimals Millimeters

of an Inch of an Inch of an Inch of an Inch

1/64 0.015625 0.397 33/64 0.515625 13.097

1/32 0.03125 0.794 17/32 0.523125 13.494

3/64 0.046875 1.191 35.64 0.546875 13.891

1/16 0.0625 1.588 9/16 0.5625 14.288

5/64 0.078125 1.984 37/64 0.578125 14.684

3/32 0.09375 2.381 19/32 0.59375 15.081

7/64 0.109375 2.778 39/64 0.609375 15.478

1/8 0.125 3.175 5/8 0.625 15.875

9/64 0.140625 3.572 41/64 0.640625 16.272

5/32 0.15625 3.969 21/32 0.65625 16.669

11/64 0.171875 4.366 43/64 0.671875 17.066

3/16 0.1875 4.763 11/16 0.6875 17.463

13/64 0.203125 5.159 45/64 0.703125 17.859

7/32 0.21875 5.556 23/32 0.71875 18.256

15/64 0.234375 5.953 47/64 0.734375 18.653

1/4 0.250 6.350 3/4 0.750 19.050

17/64 0.265625 6.747 49/64 0.765625 19.447

9/32 0.28125 7.144 15/32 0.78125 19.844

19/64 0.296875 7.541 51/64 0.796875 20.241

5/16 0.3125 7.938 13/16 0.8125 20.638

21/64 0.328125 8.334 53/64 0.828125 21.034

11/32 0.34375 8.731 17/32 0.84375 21.431

23/64 0.359375 9.128 55/64 0.859375 21.828

3/8 0.375 9.525 7/8 0.875 22.225

25/64 0.390625 9.922 57/64 0.890625 22.622

13/32 0.40625 10.319 29/32 .090625 23.019

27/64 0.421875 10.716 59.64 0.921875 23.416

7/16 0.4375 11.113 15/16 0.9375 23.813

29/64 0.453125 11.509 61/64 0.953125 24.209

15/32 0.46875 11.906 31/32 0.96875 24.606

31/64 0.484375 12.303 63/64 0.984375 25.003

1/2 0.500 12.700 1 1.000 25.400

CONVERSIONS
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Slope Comparison

Amount of Rise in Percent Slope Slope Ratio Slope Angle Plan to
100' of Run Degrees Slope Factor *
5 5 20:1 2° 52 1.001
10 10 10:1 5° 43' 1.005
14 14 7° 58 1.010
15 15 8 32 1.011
17 17 9 39 1.014
20 20 5:1 11°19' 1.020
25 25 4:1 147 2 1.031
30 30 16° 42' 1.044
33 33 3:1 18" 16' 1.053
35 35 19° 17 1.059
40 40 2.5:1 21° 48 1.077
45 45 24° 14' 1.097
50 50 2:1 26° 34' 1.118
55 55 28° 49' 1.141
60 60 30° 58' 1.166
65 65 1.5:1 33 1 1.193
70 70 35 0 1.221
75 75 36" 52' 1.250
80 80 38° 40’ 1.281
85 85 40° 22' 1.312
90 90 41° 59' 1.345
95 95 43" 32' 1.379
100 100 1:1 45" 0 1.414
105 105 46° 24' 1.450
110 110 47° 44 1.487
115 115 48° 59' 1.524
120 120 50° 12' 1.562
125 125 0.8:1 51° 20' 1.601
130 130 52° 26' 1.640
135 135 53" 28' 1.680
140 140 54° 28' 1.720
145 145 55° 24' 1.761
150 150 0.67:1 56° 19' 1.803

Plan to Slope Factor: to convert from a plan dimension (horizontal measure) to actual
slope distance, multiply by this factor. For example: plan indicates a 2:1 (50%) slope
measuring 100 feet from the top to the toe of the slope on the plan. The actual distance
from the top to the toe of the sFope is 100 feet x 1.118 = 111.8 feet.

Plan to Slope Factor: to convert from an actual soil measurement, divide by this

factor. For example: soil measurement is 12 feet, and the slope ratio is 1.5:1, the
actual distance on the plan will be 12 + 1.193 = 10 feet.
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Slope Reference Chart
Percent, Angle and Ratio

% | Angle |Ratio
T o
10 | 5° 43 | 10:1
20 | 11°19' | 5:1
30 | 16" 42
33 | 18°16' | 3:1
40 | 21° 48
50 | 26°34' | 2:1
60 | 30°58'
67 | 33°50" [1.5:1
70 | 35°0
80 | 3840
90 | 42° O
| , 100 | 45° O 1:1

200 —
190 +——
180 +—
170 +——
160 +—
150 —
140 +—
130
120 +H—
110

NONN D © © o %
AN+~I0m ~ N N < <
MNOH®DO ¥ N O
COOULLL U W W <
-

o

h
| «— Horizontal Distance .

See Column No. 1

h = vertical rise in feet

Percent of grade or slope: Equals vertical rise in feet per 100'

of horizontal distance

= Angle of slope: Angle of inclination with respect to horizontal

plane (ie) tan = h/horizontal distance

Ratio of slope = horizontal distance
h
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Maximum Precipitation Rates for Slopes

The maximum precipitation values listed below are those suggested by the United States
Department of Agriculture. The values are average and may vary with respect to actual soil
condition and condition of ground cover.

Maximum Precipitation Rates: Inches per Hour

0 to 5% slope 5 to 8% slope 8 to 12% slope 12% + slope

SOIL TEXTURE Cover Bare Cover Bare Cover Bare Cover Bare
Coarse sandy soils 2.00 2.00 2.00 1.50 1.50 1.00 1.00 0.50
Coarse sandy soils
over compact subsoils  1.75 1.50 1.25 1.00 1.00 0.75 0.75 0.40
Light sandy loams
uniform 1.75 1.00 1.25 0.80 1.00 0.60 0.75 0.40
Light sandy loams
over compact subsoils  1.25 0.75 1.00 0.50 0.75 0.40 0.50 0.30
Uniform silt loams 1.00 0.50 0.80 0.40 0.60 0.30 0.40 0.20

Silt loams over
compact subsoil 0.60 0.30 0.50 0.25 0.40 0.15 0.30 0.10

Heavy clay or
clay loam 0.20 0.15 0.15 0.10 0.12 0.08 0.10 0.06
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Using the “Water Supply Requirements” Table

The “Water Supply Requirements” table (page 61) provides a quick estimate of the gallons
per minute (GPM) required to irrigate one acre at 70% efficiency for a variety of potential
evapotranspiration (PET) rates for varying hours of operation. This can be used to estimate the
water needs of large areas for water service meter size or pump station requirement.

How to Use the Table

1) Determine the approximate PET for the })roject. This should be the peak ET, and should
include a crop coefficient. For example if the peak ET, were 0.34 in./day and the irrigated
area was a warm season turf grass with a crop coefficient of 60% (0.60) the PET would be
0.20 in./day (0.34 x 0.60 = 0.20).

Find the PET Average in in./day in the second column from the left.

Example: 0.20 inches/day

2) Read across to the column under the “Average Hours of Operation/Day”

Example: 12

»

3) Under the column for 12 Average Hours of Operation/Day, the “Minimum GPM per Acre
represents the minimum number of gallons per minute required to deliver 0.20 inches of
water per day for one acre using an irrigation system with 70% efficiency.

Example: 10.8 gpm minimum per acre required at peak demand.
4) Multiply the minimum gpm per acre times the number of acres in the project, If the project

being designed had a total of 20 acres.

Example: 20 x 10.8 = 216 gpm
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Water Supply Requirements

Available Hours of Operation per Day
24 20 16 12 10 8 6

PET Minimum  Minimum  Minimum Minimum  Minimum Minimum  Minimum
Average Gal.per GPM GPM GPM GPM GPM GPM GPM

in./mo.in./day acre/day per acre per acre per acre per acre per acre per acre per acre
0.30 0.01 388 0.3 0.3 0.4 0.5 0.6 0.8 1.1
0.60 0.02 776 0.5 0.6 0.8 1.1 1.3 1.6 2.2
0.90 0.03 1164 0.8 1.0 1.2 1.6 1.9 2.4 3.2
1.20 0.04 1552 1.1 1.3 1.6 2.2 2.6 3.2 4.3
150 0.05 1940 1.3 1.6 2.0 2.7 3.2 4.0 5.4
1.80 0.06 2328 1.6 1.9 2.4 3.2 3.9 4.8 6.5
210 0.07 2715 1.9 2.3 2.8 3.8 45 5.7 7.5
240 0.08 3103 2.2 2.6 3.2 4.3 5.2 6.5 8.6
2,70  0.09 3491 2.4 2.9 3.6 4.8 5.8 7.3 9.7
3.00 0.10 3879 2.7 3.2 4.0 5.4 6.5 8.1 10.8
3.30 0.1 4267 3.0 3.6 4.4 5.9 7.1 8.9 11.9
3.60 0.12 4655 &2 3.9 4.8 6.5 7.8 9.7 12.9
3.90 0.13 5043 35 4.2 5.3 7.0 8.4 10.5 14.0
420 0.14 5431 3.8 4.5 5.7 7.5 9.1 11.3 15.1
450 0.15 5819 4.0 4.8 6.1 8.1 9.7 12.1 16.2
480 0.16 6207 4.3 5.2 6.5 8.6 10.3 12.9 17.2
510 0.17 6595 4.6 55 6.9 9.2 11.0 13.7 18.3
540 0.18 6983 4.8 5.8 7.3 9.7 11.6 14.5 19.4
570 0.19 7370 5.1 6.1 7.7 10.2 12.3 15.4 20.5
6.00 0.20 7758 5.4 6.5 8.1 10.8 12.9 16.2 21.6
6.30 0.21 8146 5.7 6.8 8.5 11.3 13.6 17.0 22.6
6.60 0.22 8534 5.9 7.1 8.9 11.9 14.2 17.8 23.7
6.90 0.23 8922 6.2 7.4 9.3 12.4 14.9 18.6 24.8
720 024 9310 6.5 7.8 9.7 12.9 15.5 19.4 25.9
750 025 9698 6.7 8.1 10.1 13.5 16.2 20.2 26.9
7.80 0.26 10086 7.0 8.4 10.5 14.0 16.8 21.0 28.0
840 028 10862 7.5 9.1 11.3 15.1 18.1 22.6 30.2
9.00 030 11638 8.1 9.7 12.1 16.2 19.4 24.2 32.3
9.60 0.32 12413 8.6 10.3 12.9 17.2 20.7 25.9 345
10.20 0.34 13189 9.2 11.0 13.7 18.3 22.0 275 36.6
10.80 0.36 13965 9.7 11.6 14.5 19.4 23.3 29.1 38.8
11.40 0.38 14741 10.2 12.3 15.4 20.5 24.6 30.7 40.9
12.00 040 15517 10.8 12.9 16.2 21.6 25.9 323 431
1260 042 16293 11.3 13.6 17.0 22.6 27.2 33.9 45.3
13.20 0.44 17068 11.9 14.2 17.8 23.7 28.4 35.6 47.4
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Friction Factor Short Cuts

The Friction Factor Method of sizing lateral line pipe is based on the premise that the
operating pressure of all heads on a circuit should not vary by more than 10% to 20% of their
designed operating pressure. This will provide the most uniform application of water.

The following is a simplified way to determine the maximum flow (gpm) allowed in lateral lines
using the Friction Factor pipe sizing method. The example is based on lateral lines of Class 315
PVC for 2" and Class 200 PVC for %" - 3". Additional charts for lateral lines of Class 160 PVC

and Polethylene are on pages 66-69.

Determination of appropriate pipe size is dependent upon 1) the sprinkler operating pressure,
psi, 2) the acceptable pressure variation between sprinklers on the circuit 10% to 20% and 3)
the distance from the valve to the farthest sprinkler head on the circuit (note: in some cases this
distance can be the distance between the first and last sprinklers on a circuit).

The Friction Factor is the allowable psi loss per 100 feet of pipe. With the Friction Factor, pipe
can be sized to avoid excessive pressure losses. The friction factor is calculated by the following
formula:

Friction Factor = Sprinkler Operating Pressure x Allowable % of psi Variation
Critical Length (from valve to farthest head) in 100’s of feet

Ff = P X PV

o

L

c
1) Determine the Friction Factor
Example:

<x> Electric Remote Control Valve
@ Full Circle Sprinkler 2.0 gpm at 35 psi

125 ft.

|
A
@ @ ® ®

DL

Sprinkler operating pressure = 35 psi
Allowable pressure loss = 10%
Critical Length = 125 feet

Friction Factor = 35 x 0.10

1257100
Friction Factor = 3.5
1.25

Friction Factor = 2.8 allowable psi loss from valve to farthest head
Round off the Friction Factor to the nearest V4 psi.
Example: 2.8 is rounded off to 2.75

This represents an allowable rate of psi loss from the valve to the farthest head of 2.75 psi per
100 feet of pipe.
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2) Find the Short Cut chart on the following pages that matches the Friction Factor above
(2.75 psi loss per 100 ft.).

Example:
Friction Factor 2.75
Max. GPM
2" Cl. 315 PVC 3.9
%" Cl. 200 PVC 7.8
1" CIl. 200 PVC 15.0
14" Cl. 200 PVC 27.6
12" Cl. 200 PVC 39.5
2" ClL. 200 PVC 70.9
212" Cl. 200 PVC 117.0
3" ClL. 200 PVC 196.1

The “Max. GPM” represents the maximum gpm that can flow through the various sizes of
lateral line pipe without exceeding the 2.75 psi allowable loss per 100 ft.

3) Starting with the pipe sections farthest from the valve determine the flow in each
section and find the smallest pipe that can carry that flow.

Example:

1 ] 3/4“ 3/4" 1/2"

B Section #4 Section #3 Section #2 Section #1
B 8gpm 6 gpm 4 gpm 2 gpm
[ |

8...
®

Pipe section #1 = 2 gpm, lateral line pipe should be 2" Cl. 315 PVC
Pipe section #2 = 4 gpm, lateral line pipe should be %" Cl. 200 PVC
Pipe section #3 = 6 gpm, lateral line pipe should be %" Cl. 200 PVC
Pipe section #4 = 8 gpm, lateral line pipe should be 1" Cl. 200 PVC
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Friction Factor Short Cuts for Class 200 PVC*
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Maximum GPM for Various Friction Factors

Friction Factor

12" Cl. 315 PVC
¥4" Cl. 200 PVC
1" Cl. 200 PVC
14" Cl. 200 PVC
112" Cl. 200 PVC
2" Cl. 200 PVC
22" Cl. 200 PVC
3" Cl. 200 PVC

Friction Factor

2" Cl. 315 PVC
%" Cl. 200 PVC
1" Cl. 200 PVC
14" Cl. 200 PVC
112" Cl. 200 PVC
2" Cl. 200 PVC
22" Cl. 200 PVC
3" Cl. 200 PVC

Friction Factor

12" Cl. 315 PVC
%" Cl. 200 PVC
1" Cl. 200 PVC
14" Cl. 200 PVC
112" Cl. 200 PVC
2" Cl. 200 PVC
2%2" Cl. 200 PVC
3" Cl. 200 PVC

Friction Factor

12" Cl. 315 PVC
%" Cl. 200 PVC
1" Cl. 200 PVC
14" Cl. 200 PVC
112" Cl. 200 PVC
2" Cl. 200 PVC
22" Cl. 200 PVC
3" Cl. 200 PVC

0.25 0.50
Max. GPM  Max. GPM
1.1 1.6
2.1 2l
4.1 6.0
7.6 11.0
10.8 15.7
19.4 28.2
32.1 46.6
53.7 78.1
2.25 2.50
Max. GPM  Max. GPM
3.5 3.7
7.0 7.5
13.4 14.2
24.8 26.3
35.4 375
63.6 67.3
105.0 1111
176.0 186.3
4.25 4.50
Max. GPM  Max. GPM
5.0 5.1
9.9 10.2
18.9 19.5
35.0 36.1
49.9 51.5
89.6 92.4
148.0 152.7
248.1 255.9
6.25 6.50
Max. GPM  Max. GPM
6.1 6.3
12.2 12.5
23.3 23.8
43.1 44.0
61.5 62.8
110.4 112.7
182.3 186.2
305.5 312.1

0.75 1
Max. GPM Max. GPM
2.0 2.3
3:9 45
7.4 8.7
13.7 16.0
19.6 22.9
351 41.0
58.0 67.8
97.2 113.6
2.75 3
Max. GPM  Max. GPM
3.9 4.1
7.8 8.2
15.0 15.7
27.6 29.0
39.5 41.4
70.9 74.3
117.0 122.6
196.1 205.6
4.75 5
Max. GPM  Max. GPM
5.3 55
10.5 10.8
20.1 20.7
37.1 38.2
53.0 54.5
95.2 97.9
157.2 161.6
263.4 270.8
6.75 7
Max. GPM Max. GPM
6.4 6.5
12.7 13.0
24.3 24.8
44.9 45.8
64.1 65.4
115.1 117.4
190.0 193.8
318.5 324.8

*Note: 2" is Class 315 PVC because wall thickness must be at least 0.060" and Class 200 SDR is 21 which would result
in a wall thickness in 2" of less than 0.060".

1.25 1.50 1.75 2
Max. GPM  Max. GPM Max. GPM  Max. GPM
2.6 2.8 3.1 3.3
5.1 5.7 6.1 6.6
9.8 10.8 11.7 12.6
18.1 19.9 21.7 2853
25.8 28.5 30.9 33.2
46.3 51.1 55.5 59.7
76.4 84.3 91.7 98.5
128.1 141.4 153.7 165.1
3.25 3.50 3.75 4
Max. GPM  Max. GPM Max. GPM  Max. GPM
4.3 4.5 4.7 4.8
8.6 8.9 9.3 9.6
16.4 17.0 17.7 18.3
30.3 gl 32.7 33.8
43.2 45.0 46.7 48.3
77.5 80.7 83.8 86.7
128.1 133.3 138.3 143.2
214.6 223.4 231.9 240.1
5.25 5.50 5.75 6
Max. GPM  Max. GPM Max. GPM  Max. GPM
5.6 5.7 5.9 6.0
11.1 11.4 11.7 12.0
21.2 21.8 223 22.8
39.2 40.2 41.2 421
56.0 57.4 58.8 60.2
100.5 103.0 105.5 108.0
165.9 170.1 174.3 178.3
278.1 285.1 292.1 298.9
7.25 7.50 7.75 8
Max. GPM  Max. GPM Max. GPM  Max. GPM
6.7 6.8 6.9 7.0
13.2 138 13.7 14.0
25.3 25.7 26.2 26.6
46.7 47.5 48.4 49.2
66.6 67.9 69.1 70.3
119.6 121.8 124.0 126.1
197.5 201.1 204.7 208.3
331.0 337.1 343.2 349.1
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Friction Factor Short Cuts for Class 200 PVC*

Maximum GPM for Various Friction Factors

Friction Factor  8.25 8.50 8.75 9 9.25 9.50 9.75 10
Max. GPM  Max. GPM Max. GPM Max. GPM  Max. GPM Max. GPM Max. GPM  Max. GPM
12" Cl. 315 PVC 71 7.3 7.4 7.5 7.6 7.7 7.8 7.9
¥4" Cl. 200 PVC 14.2 14.4 14.7 14.9 15.1 1518 1555 15.8
1" Cl. 200 PVC 271 27.5 28.0 28.4 28.8 29.2 29.6 30.0
14" Cl. 200 PVC 50.0 50.8 51.7 52.4 53.2 54.0 54.8 5515
114" Cl. 200 PVC 71.4 72.6 73.7 74.9 76.0 771 78.2 79.3
2" Cl. 200 PVC 128.2 130.3 132.4 134.4 136.4 138.4 140.3 142.3
212" Cl. 200 PVC 211.8 2156.2 218.6 221.9 225.3 228.5 231.8 234.9
3" Cl. 200 PVC 354.9 360.7 366.4 372.0 377.6 383.0 388.4 393.8
Friction Factor  10.25 10.50 10.75 11 11.25 11.50 11.75 12
Max. GPM  Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM
12" Cl. 315 PVC 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7
%" Cl. 200 PVC 16.0 16.2 16.4 16.6 16.8 17.0 17.2 17.4
1" Cl. 200 PVC 30.4 30.8 31.2 31.6 32.0 324 32.8 33.2
14" Cl. 200 PVC 56.3 57.0 57.7 58.4 59.2 59.9 60.6 61.3
112" Cl. 200 PVC 80.3 81.4 82.4 83.4 84.5 85.5 86.5 87.5
2" Cl. 200 PVC 144.2 146.1 147.9 149.8 151.6 153.4 155.2 157.0
212" Cl. 200 PVC 238.1 241.2 244.3 247.3 250.4 253.4 256.3 259.2
3" Cl. 200 PVC 399.1 404.3 409.5 414.6 419.6 424.7 429.6 4345
Friction Factor  12.25 12.50 12.75 13 13.25 13.50 13.75 14
Max. GPM  Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM
1" Cl. 315 PVC 8.8 8.9 9.0 9.1 9.2 9.3 9.4 9.5
¥4" Cl. 200 PVC 17.6 17.8 18.0 18.2 18.3 18.5 18.7 18.9
1" Cl. 200 PVC 33.5 33.9 34.3 34.6 35.0 35.3 35.7 36.0
14" Cl. 200 PVC 61.9 62.6 63.3 64.0 64.6 65.3 65.9 66.6
112" Cl. 200 PVC 88.4 89.4 90.4 91.3 92.3 93.2 941 95.0
2" Cl. 200 PVC 158.8 160.5 162.2 163.9 165.6 167.3 169.0 170.6
22" Cl. 200 PVC 262.1 265.0 267.9 270.7 273.5 276.3 279.0 281.7
3" Cl. 200 PVC 439.4 4442 449.0 453.7 458.4 463.1 467.7 472.2
Friction Factor  14.25  14.50 14.75 15 1525 1550  15.75 16
Max. GPM Max. GPM Max. GPM  Max. GPM  Max. GPM Max. GPM Max. GPM  Max. GPM
12" Cl. 315 PVC 9.6 9.7 9.8 9.9 10.0 10.0 10.1 10.2
%" Cl. 200 PVC 19.1 19.3 19.4 19.6 19.8 20.0 20.1 20.3
1" Cl. 200 PVC 36.4 36.7 37.1 37.4 37.7 38.1 38.4 38.7
14" Cl. 200 PVC 67.2 67.8 68.5 69.1 69.7 70.3 70.9 71.6
112" Cl. 200 PVC 96.0 96.9 97.8 98.7 99.5 100.4 101.3 102.2
2" Cl. 200 PVC 172.3 173.9 175.5 1771 178.7 180.3 181.8 183.4
212" Cl. 200 PVC 284.5 287.1 289.8 292.4 295.1 297.7 300.2 302.8
3" Cl. 200 PVC 476.8 481.3 485.7 490.2 494.6 498.9 503.3 507.6

*Note: 2" is Class 315 PVC because wall thickness must be at least 0.060" and Class 200 SDR is 21 which would result
in a wall thickness in 2" of less than 0.060".
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Friction Factor Short Cuts for Class 160 PVC*

Maximum GPM for Various Friction Factors

Friction Factor  0.25 0.50 0.75 1 1.25 1.50 1.75 2
Max. GPM Max. GPM Max. GPM Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM
2" Cl. 315 PVC 1.1 1.6 2.0 2.3 2.6 2.8 3.1 3.3
%" Cl. 200 PVC 2.1 &1 3.9 45 5.1 5.7 6.1 6.6
1" Cl. 160 PVC 4.2 6.0 7.5 8.8 9.9 10.9 11.9 12.8
14" Cl. 160 PVC 8.0 11.6 14.4 16.9 19.0 21.0 22.8 245
112" Cl. 160 PVC 11.4 16.6 20.6 241 271 30.0 32.6 35.0
2" Cl. 160 PVC 20.5 29.8 37.1 43.3 48.8 53.9 58.6 62.9
22" Cl. 160 PVC 33.8 49.2 61.2 71.5 80.7 89.0 96.8 104.0
3" Cl. 160 PVC 56.6 82.3 102.5 119.7 135.0 149.0 161.9 174.1
Friction Factor  2.25 2.50 2.75 3 3.25 3.50 3.75 4
Max. GPM Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM
2" Cl. 315 PVC 3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.8
%" Cl. 200 PVC 7.0 7.5 7.8 8.2 8.6 8.9 9.3 9.6
1" Cl. 160 PVC 13.6 14.4 15.2 15.9 16.6 17.3 17.9 18.6
14" Cl. 160 PVC 26.1 27.7 29.1 30.5 31.9 33.2 34.4 35.7
112" Cl. 160 PVC 37.3 39.5 41.6 43.6 45.5 47.3 491 50.9
2" Cl. 160 PVC 67.1 71.0 74.7 78.3 81.8 85.1 88.4 91.5
212" Cl. 160 PVC 110.8 117.3 123.5 129.4 135.2 140.7 146.0 151.2
3" Cl. 160 PVC 185.5 196.3 206.7 216.7 226.2 235.5 244.4 253.1
Friction Factor  4.25 4.50 4.75 5 5.25 5.50 5.75 6
Max. GPM Max.GPM  Max.GPM  Max. GPM  Max. GPM Max. GPM Max. GPM  Max. GPM
2" Cl. 315 PVC 5.0 5.1 5.3 55 5.6 5.7 5.9 6.0
%" Cl. 200 PVC 9.9 10.2 10.5 10.8 11.1 11.4 11.7 12.0
1" Cl. 160 PVC 19.2 19.8 20.4 20.9 215 22.0 22.6 23.1
1%4" Cl. 160 PVC 36.8 38.0 39.1 40.2 41.3 42.3 43.4 44.4
112" Cl. 160 PVC 52.6 54.2 55.8 57.4 58.9 60.4 61.9 63.3
2" Cl. 160 PVC 94.5 97.5 100.4 103.2 106.0 108.7 111.3 113.9
212" Cl. 160 PVC 156.2 161.1 165.9 170.6 1751 179.6 183.9 188.2
3" Cl. 160 PVC 261.5 269.7 277.7 285.5 293.1 300.5 307.8 315.0
Friction Factor  6.25 6.50 6.75 7 7.25 7.50 7.75 8
Max. GPM  Max. GPM Max. GPM Max. GPM Max. GPM  Max. GPM Max. GPM  Max. GPM
12" Cl. 315 PVC 6.1 6.3 6.4 6.5 6.7 6.8 6.9 7.0
%" Cl. 200 PVC 12.2 12.5 12.7 13.0 13.2 185 13.7 14.0
1" Cl. 160 PVC 23.6 241 24.6 25.1 25.6 26.1 26.5 27.0
14" Cl. 160 PVC 45.4 46.3 47.3 48.2 49.2 50.1 51.0 51.8
112" Cl. 160 PVC 64.7 66.1 67.5 68.8 70.1 71.4 72.7 74.0
2" Cl. 160 PVC 116.4 118.9 121.4 123.8 126.1 128.5 130.8 133.0
214" Cl. 160 PVC 182.4 196.5 200.6 204.5 208.4 212.3 216.1 219.8
3" Cl. 160 PVC 322.0 328.9 335.7 342.3 348.9 355.3 361.7 367.9

*Note: 2" is Class 315 PVC and %" is Cl 200 PVC because wall thickne