
SPRINKLER IRRIGATION2 / '
 

LY 
627.52 USAID/Libya. Agriculture Division. 
M94l1 Sprinkler irrigation, Mustafa Muafa and 

Fred M. Tileston. Feb. 1965. 
10 p. 
In English and Arabic. 
Manual prepared for the Ministry of Agricul

ture, Libya, under the Libyan-American .Joint 
Project. 

1. Irrigaiion- LY. I. Muafa, Mustafa. II. Tileston, 
Fred M. III. Title. IV. Libyan-American Joint Project. 

" .,=D..,E o,,M
,=*ENGLISH 
 -ARABIC 

UNITED STATES OF AMERICA .NLS RBC 

A.TI.D. 
Referenoe Center
 

loom .1656 Al 



SPRINKLER IRRIGATION 

Agriculture Report No. 12 

by 

MUSTAFA MUAFA
 

Head, Water Studies Section
 

Water and Soil Department
 

Ministry of Agriculture
 

and
 

FRED M. TILESTON 

Water Resources Planning Advisor
 

Minittry of Agriculture - USAID
 

February 1965 USi.ID 

Tripoli, Libya Agriculture Division 

-i 



LETTER OF TRANSMITTAL
 

Minister of Agriculture 
Kingdom of Libya
 
Tripoli, Libya
 

Excellency:
 

This Sprinkler Irrigation ilanual has been prepared pursuant 
to requests by iinistry of Agriculture staff, undor the Libyan 
American Joint Project 670-11-19J-089 Assistance to the Ministry 
of Agriculture, RaporL Jo. 12. The manual is brund under a cover 
as a service to you and your staff for ready reference and for 
use over a long period of time. 

The manual is based on facts supplied from worldwide research
 
and experience ith sprinkler irrigation. It provides the best
 
known criteria for designing and operating sprinkler irrigation
 
systems. Sprinkler irrigation systems are being planned in many
 
of the dev:lopment projects conducted by the inistry of Agri
culture and on many existing irrigated farms. The procedures out
lined in this manual will help to improve the sprinkler irrigations
 
systems being planned for thebe activities.
 

We hope this manual will assist your own development and
 
extension education work and that of such other Libyan officials
 
as may profit from its content,
 

Lindsey A. Brown
 
Chief Agriculture Advisor
 
USAID
 

- ii 



CONTENTS
 

FRONTISPIECE i
 

LETTER OF TRANSMITTAL ii
 

CONTENTS
 

GENERLL i
 

ADVANTAGES 1
 

DISADVANTAGES AND LIMITATIONS 2
 

QUESTIONS TO BE ANSWERED ABOUT SPRINKLER IRRIGATION 3
 

SPRINKLER SYSTF4S ARE ALl, ALIKE IN SOME WAYS 3
 

THE JOB OF SPRINKLERS IS TO GET WATER TO THE PLANTS 4
 

SPRINKLERS ARE OF MANY TYPES 5
 

DIFFER1T KINDS OF OUTLETS DO DIFFERENT KINDS OF WORK 6
 

Perforated Pipe 6
 

Rotating Sprinklers 7
 
Fixed Heads 7
 
Nozzle Lines 8
 

STATIONARY, SEMIPORTABLE, AND PORTABLE SYSTEMS 9
 

Stationary Systems 9
 
Semiportable Systerms 10
 
Portable Systems 10
 

- iii 



SPRINKLER IRRIGATION' 

GENERAL 

Sprinkling, as a method of irrigation, has been used for 
many years and in many parts of the world for the irrigation of 
nurseries, vegetables and special crops - crops which bring 
high return per unit of area. 2-st cf the early systems were 
permanently installed spray lines. 3'nce 'he introduction, in
 
recent years, of lightweight tubin; ethr quick couplers, the 
method has been extended to the irri:ation of a wide range of 
agricultural crops. It is now rapidly assuming an important 
place among the methods of irrigation. 

Among the reasons given for the extensive use of the 
sprinkler method are the following:
 

1. Much of the arable land has a rolling topography and
 
shallow soils, which make land leveling for surface methods
 
costly and often harmful. 

2. The water is, for the most part, pumped from wells. 
It is therefore, both scarce and expensive, which make desira
ble highly efficient methods of its application to the soil.
 

3. The farm population is unfamLiliar rith irrigation 
farming and untrained in irrigation practices. Unskilled labor 
can be quickly trained in the proper use nf sprinkler irrigation 
systems. 

ADVANTAGES
 

Irrigation by sprinkling has a number of advantages: 

1. Land with irregular topography can be irrigated with a 
minimum of leveling and disturbance of the top soil. The same 
applies to shallow soils. 

2. On sloping lands, runoff and the soil erosion that
 
usually accompanies it, can be elifinated. 
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3. Sandy or oilher highly permeable soila can be irrigated
 
without excessive losses by deep percolation, thus reducing the
 

danger of creating drainage problems.
 

4. Field di-Tches are not necassiry, thus increasing the 

area available for crop production and eliianating a problem of
 

ditch maintenance, as well as .,source nf w3ed propagation and
 

spreading.
 

5. Where the available water supply i3 a small continuous
 

stream grater efficiency in both water use and labor will result
 

when the water is applied by the sprinkler method. 

6. The sprinkler irrigation method is well adapted to light
 

application of water for purposes of seed bed preparation, seed
 

germination, anci transplanting and thirming of seedlings.
 

DISADVANTAGES MiD LII1ITATIONS 

There are also some aspects relating to this method of
 

irrigation which place limitations upon its use and which might
 

be considered as disadvantages. The more Lportant are as fol

lows:
 

1. High initial cost of the equipment.
 

2. Operating costs, usually, are higher than for irriga

tion by surface methods. Water must be supplied to the sprinklers
 

under pressure which, in nearly all cases, means pumping. The
 

fuel or electric energy required to operate the pumping plant
 

represents a major part of the annual cost of operation of the
 

sprinkler system. The "fixed charges,'; which include interest 

on the investment and charges for depreciation of the equipment, 

also represent a major item in the annual operating costs. 

not well adapted to conditions3. Irrigation by sprinkling is 
where water supply is available intermittently. Unless the 

sprinkler system can be operated almost continuously, the invest

ment irn equipment may become so high as to make its us prohibitive.
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4. Moving the portable lines, when tho soil is soft and 
the crop is wet, is a disagreeable task. 

5. L;echanical difficulties must be expected. Sprinklers 
may fail to rotate, nozzles may clog, coui ors may leak, or the
 
motor may require attention. 

QUESTIONS TO BE ANSEIRED ABOUT SPRIN\KLFR I-RIGATION 

Before a farirer buys a sprinkler systcm, he should ask 
himself the following questions: 

1. Does the farn have the kind of topography, soil, sub
surface conditions, climate and crops to ma':.-e the use of
 
sprinklers advisable?
 

2. hat kind of sprinkler system do the conditions on the
 
farm call for, and how large must the system be?
 

3. Wlhat would such a system cost to install, maintain, and 
operate?
 

4. Would the advantages justify the increased cost over 
cheaper means of irrigation?
 

SPRINKLER SYSTEMS ARE ALL ALIKE IN SOME WAYS 

Sprinkler systems all carry water under pressure through 
pipes to devices that toss it up on the soil. The devices may
 
be spaced perforations in pipes or sprinkler nozzles. The
 
pressure may be provided by gravity from a source at a higher 
level, or by pumping. In other methods of irrigation, the final
 
distributing of water is done by the soil; in sprinkling, by
 
mechanical means.
 

Sprinkling is only another method of applying water. Only 
after making cost comparisons with other methods and taking all 
other factors into account can the farmer be sure that a sprink
ler system will be a good investment. 
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THE JOB OF SPRINKLERS IS TO GET WATER TO THE PLANTS 

Sprinklers, like other irrigation systems, must apply 
water to the soil in such quantities, at such a rate, and at
 
such times, that the plants can get enough for their needs. 

During rain or any irrigation, water fills the pore space
 
between the soil particles. But saturation soon ends; some of
 
the water drains down, or sidewise, from the wetted area. What
 
soil is able to hold onto after the drainage - about one or
 
two days after the wetting - is called its field capacity.
 

Some of the remaining water leaves the plants by evapo
rating. The roots go after what is left. As long as the major
 
part of the root system can reach readily available moisture,
 
the plants function normally.
 

However, a certain amount of the water is not readily
 
available. It is held so tightly by the soil particles that
 
the roots cannot absorb it fast enough for the plant's needs.
 
When the plants have to depend upon this source, the soil
 
moisture is said to have dropped down to the permanent wilting 
percentage. Some plants show this by a wilting of the leaves
 
in the late afternoon. Others show it by a slower growth of the
 
plant and fruit or by a change in color of leaves. Some
 
eventually die. In any case, the normal function are limited
 
unless more water is applied.
 

Soils differ greatly in ability to take and hold water.
 
Sandy scils and gravels take water faster than the finer
textured clay loams and clay soils, but retain less after
 
drainage because they have fewer particles and therefore fewer
 
water-holding wedges. The amount of water held by a soil at
 
field capacity varies from about 3 cm. per 30 cm. of depth for
 
sandy loam to 10 cm. for some clays. Lack of uniformity in
 
successive soil layers also affects field capacity.
 

Generally, a soil with a high field capacity will hold
 
large amounts of readily available moisture. But not always
 
some sandy soils do better in this respect that some clay type
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soils. Some soils make only one-fourth of their field capa

city readily available to plants; other freely give up to three
fourths.
 

The cause of deep penetration of water in some soils and 
the sealing cver of other soils is the arrangement of soil 
particles in a given soil profile. For instance, a light sandy 
soil (like most of those in Tripolitania) is made up of la- -V 
soil particles - large in relation to the size of silt parti
cles in a clay type soil. When these particles come together in 
a soil profile, they form rather large crevices or reservoirs 
between the particles. These are the water holding areas. 
Because these areas arc large, the soil will take the water 
rapidly. Therefore, this type of soil has a high infiltration 
rate, but a low holding capacity.
 

A clay type soil is made up of very minute soil particles
 
- millions of them in a -iven volume. When the small parti
cles come together in a soil profile, they create millions of
 
very small crevices, or water holding reservoirs. Therefore,
 
this soil takes water very slowly, and gravity pulls the water
 
out of this soil just as slowly. So we 'have a very slow
 
infiltration rate, but a high holding capacity. The sandy soil,
 
as an average, will hold about 8% of its volume in water, as
 
against 35'0 of its volume in water for a clay type soil.
 

A soil at field capacity is something like a fall rain
 
barrel with a faucet in its side. The water above the faucet
 
can be drawn off; it is the readily available moisture. If the
 
faucet wore lower on the barrel's side, more of the water could
 
be taken. Some soils are like barrels with high faucets; others
 
like those with low faucets. They present different problems in
 
irrigation - often on the same farm.
 

SPRINKLERS ARE OF MANY TYPES 

Although having certain things in common, sprinkler systems
 
differ widely. They are classified as "portable" when most of
 
the mechanical equipment can be moved readily from place to
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place over the area irrigated; "semiportable" when only a minor
 
part of the equipment is moved; "stationary" or "peraanent" when
 

all the equipment is fixed.
 

Systems rmay be classified also according to method of 
distributing the water. This may be by meanis of perforated pipe 
line, rotating sprinklers, fixed sprinkler heads, or nozzle lines. 

3prinlkling is often called 1:overhead" irrigation. This is
 

confusing, because the watcr does not always issue from an over

head outlet. One true "overhead" system is the kind that throws
 
water over orchard treetops from outlets attached to high risers;
 

but even in orchards some sprinklers (called 'under-tree", "low
head', or "ground types").distribute the water near the ground.
 

DIFFERENT KINDS OF OUTLETS DO DIFFERENT KINDS OF WORK
 

PerforatedPije - Lightweight portable pipe writh holes so 

spaced in its sides as to expel water at various angles has come 

into use for low-growing crops. It is laid on the ground; so
 

plants toc high and close -Allimpede its operation.
 

This pipe is available in two types, oneapplying about 2.5
 
centimeters of water per hour and the other about 5.0 centimeters.
 
It distributes the water fairly uniformly in a strip along the
 

line. This strip varies rith the pressure, from about 15 meters
 

at a pressure of 1.4 kllograms per square centimeter to about 
6 meters at pressures as low as 0.3 or 0.4 kilograms. In many
 
cases the low pressures required can be supplied by gravity.
 

The relatively high rates of application necessitates fre

quent moves of the pipe, and make these sprinklers most suitable
 
on pervious soils. Since it is not possible to regulate and
 

equalize the pressure along the line as with sprinkler heads, it
 

is essential to lay the pipe along the contour rather than up and
 

down a hillside. It is important to remember this when perfo

rated pipe is used.
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Rotating Sprinklers - Where sprinkler systems must cover
 
large areas, rotating heads usually are employed. These have
 
capacities of four liters to more than 1500 liters per rainute.
 
Some of the larger ones are designed for pressures of four to
 
17 kilograms Per square centimeters, and will cover circles up 
to about 115 meters in diameter. Some of the smaller ones will 
operate at 0.7 kilograms or less. 

For supplemental irrigation, where the annual water require
ment is low, high pressures and large sprinklers may be more 
economical than small sprinklers because of the greater permis
sible spacing of pipe lines. 

Rotating sprinklers are of two types: slow-revolving, that
 
rotate slowly, and whirling, that rotate rapidly. Slow-revolving 
sprinklers ordinarily make one or two revolutionsa minute; some
 
are much slower still. Various types of driving mechanisms are
 
used to produce the slow rotations; some have uneven action, and
 
this variation r.may affect the distribution of water.
 

The slower a sprinkler operates, the larger area it will
 
cover. When operating under pressures of about three kilograms
 
per square centimeter, slow - revolving sprinklers will cover
 
areas up to 50 meters in diameter. Whirling sprinklers of similar
 
capacities, under equal pressure, will cover areas 15 to 23
 
meters in diameter.
 

Whirling sprinklers generally cost less and tend to rotate
 
at a more constant rate because of the momentum of the revolving
 
parts. But the slow-revolving sprinklers have a number of 
advantages that make them very popular: (1) Covering a greate 
area, the slow revolvers permit the economy of greater spacing 
of pipe line (2) They apply less water per hour to a unit of
 
land, a very desirable feature where the soils are not highly
 
porous. (3) Slow rotation cuts wear, prolonging the life of 
the sprinkler. 

Fixed Heads - Fixed heads are used mainly for lawns and 
for portable under-tree systems for orchards. These heads have 
no moving parts. They are designed to operate at pressures of 
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0.7 to 1.8 kilograms per square centimeter and to deliver
 
water at the rate of 6 to 19 liters or more per minute. They
 
cover areas 4 to 8 meters in di&aeter with a fine spray fairly
 
evenly distributed.
 

Translated into depth, their normal rate of delivery is
 
2 to 8 centimeters per hour. This rate is too high for some
 
soils to absorb without run-off or puddling.
 

For portable under-tree crchard systemis on permeable 
soils, the fixed heads are highly dcsirable because their cost
 
per unit is low. For other orchard and field uses, their use
 
is limited. For stationary systems, the cost is excessive,
 
because of the close spacing required; further, the closely
 
spaced heads interfere with cultivation. 

Nozzle Lines - Nozzlo lines are always moro or less 
stationary. They are relatively expensive, and so they are
 
generally used only for crops yielding a high gross return, 
such as certain truck crops and szll fruits, and for nurseries, 
greenhouses, lawns, and other special purposes. They are used 
occasionally in orchards, especially on terraced plantings. 

The nozzle lines are as a rule, parallel lines of pipe
 
2 to 4 centimeters in size, each fitted with a row of small
 
brass nozzles spaced 0.8 to 1.6 meters apart. For field work
 
the pipe is ordinarily supported on posts set about 6 meters
 
apart. One meter above ground is a common height, but 3 
meters may be used where passage underneat is required for 
cultivation. Sometime the pipe is held up by a suspension 
cable from much higher poles set 30 to 60 meters apart. 

To wet a strip on both sides, the pipes are slowly 
rotated through an angle of about 90 degrees (from about 45 
degrees on one side to the sale on the other). This can be 
done by means of a special hand-turning union, but is general
1y done by a water-operated oscillating motor. The oscil
lators are, usually, double-acting piston devices. Being
 
fairly expensive, they are made to do multiple duty. Some
timesthe pipe is held up by a suspension cable from much
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higher poles set 30 to 60 meters apart.
 

To wet a strip on both sides, the pipes are slowly rotated
 
through an angle of about 90 degrees (from about 45 degrees on
 
one side to the same on the other). This can be done by means 
of a special hand-turning union, but. is generally done by a 
water-operated oscillating motor. The oscillators are, usually
 
double-acting piston devices. Being fairly expensive, they are
 
made to do multiple duty. Sometimes they are moved from line to 
line; in other cases they operate several parallel lines at one
 
time by means of cables attached to ar:s on each line. 

Nozzle lines generally operate at pressures of 1.3 to 2.8 
kilograms per square centimeter. At 2.1 kilograms the nozzle in 
common use can deliver 0.5 to 1.1 liters per minute. Where the 
pressure is inadequate, the lines are spaced about 15 meters 
apart. 

The nozzles, being small, clog easily. Water containing
 
algae or other clogging P-Latter must be screened, and this is
 
done usually at the head of the line.
 

STATIONARY SEMIPORTABLEM PORTABLE SYSTEMS 

Stationary stems - Stationary types were once the most 
popular systems. M,1any orchard systems were of that type, with
 
rotating sprinklers mounted on high risers over the trees. Today,
 
however, except for nozzle lines, few stationary systems are
 
being put in.
 

It is true that once a stationary system has been properly
 
installed, with fixed or rotary heads to fit conditions, the
system has certain advantages over a portable system. It can 
duplicate a known performance over and over. It takes less 
attention and costs less to operate than a portable system, which 
must be shifted about from place to place. 
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However, its pipe lines, which supply water to the risers,
 
interfere with cultivation unless buried fairly deep; and the
 
risers and their attached sprinklers .ayinterfere also unless
 
extra precautions have been taken in planning. More important 
still, the present cost of installing stationary systems
 
generally is prohibitive.
 

Semiportable Systems - SoLe sorinlcler systems have 
stationary pipe lines and portable opr~rik.:rs. They are es
pecially adaptable for orchards. They ave less expensive than
 
stationary systems and they obviate certain practical diffi
culties of portable systems. 

Frequently, in ser.iportable systems, the portable sprinklers 
are of the under-tree variety. Sometimes, however, true over
head systems are involved. In the latter cases, the high risers 
are usually made in two sections with a shut-off valve between. 
The lower part, with the valve, is permanently attached to the 
stationary pipe, which lies on the ground or underground. The 
upper part of the riser, with the sprinkler, is removed from the 
lower section after use, carried to the next position and there
 
fitted to another lower section. The operation is much easier
 
than moving wholly portable high risers through an orchard and
 
fixing them in a vertical position each time.
 

In a semiportable system, 6 or 8 portable sprinklers may do
 
for 4 hectares, whereas, a stationary system would require more
 
than 100. A further saving is possible in the cost of pipelines,
 
because smaller sizes may be used in a semiportable system when
 
each sprinkler is operated on a different lateral.
 

Portable Systems - There are two types of layouts generally
 
known as "portable systems". In one, the water is pumped from 
an open ditch or concrete ie. line, and the portable system

consists of the pumping plant plus a sprinkler line of special
 
lightweight portable pipe to which the sprinklers are attached.
 
In the other, the water is usually puniped from a well, and the
 
system consists of a main distribution line which may be portable
 
or permanent, and one or more laterals or sprinkler lines of
 
lightweight portable pipe to which the sprinklers are attached.
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The portable systems are used largely for irrigation field
 
and truck crops, such as peas, beans and onions. The pipes have
 
quick couplings. The sprinklers coILonly used are of the slow
revolving type.
 

Portable sprinkler pipe cornes in standard lengths of 6
 
eters9 other lengths are furnished cn special order. Sprinkler 

generally are spaced 6 to 12 meters apart. The pipe is moved 
across the field by carrying, w.th one cr two men to each length, 

Several makes o pipe are available, each with a different
 
kind of coupling. M st systems require little or no turning of
 
the pipe in making the coupling. Each pipe section contains a
 
rubber gasket at one end. The water pressure holds the gasket
 
tightly in place to prevent leakage as the flow continues from
 
one pipe into the next. The arrangement allows for rather loose
 
coupling and for consuquent flexibility of the line so that it
 
can follow the rough surface of the land.
 

In some systems the outlets that serve the sprinklers arc
 
in the couplings: in others, the outlets are welded to the pipe
 
near the couplings.
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