" { L ,/:/, - 7 : o5 ':} i (b £ /" Sz € ; ” ‘//Z.j
(! LN Pl AT L zE AL A T —
7 .
7 £ N LAt A ":/ S i I ‘ﬁ. :

41527

wwen to Use

911133
/|

Sprinkler Irrigation

in Colorado

v

ENGIAEERIE MESEARCH
207
FORTHLLS READIB ROk

TENSION SERVICE COLORADO A&M COLLEGE
~FORT COLLINS -




CONTENTS

Page
Foreword 3
Historical 3
What Justifies Installing Sprinkler lrrigation? 4
All Claims Have Not Been Proved to Date .. 4
Many Economic Advantages ... 5
- Small Flows of Water 5
Starting Crops — N 5
Fertilizer Application . . B}
Wind Interference ... . 6
Pipe Setting el BN W WS 7
Troubte with Sprinklers . 7
Diseases .. N .. a0 == 7]
Sprinkling versus Natural Rain 3
Variable Water Supply.____________ B SR h)
Portable Sprinkler Systems .. .~ O
‘Bubing .~ = 9
Perforated Pipe—Rotating Sprinkler - 10
e ump e e 10
Water Supply 11
Pumping Stations . - Il
Pumping Plant U S~ Wl S L L 13
Portable Pumping Plant N | SO SSN NoSo S i)
Motors . - 13
Rotating Sprinklers . 14
Pattern of Discharge 14
Design of System . e — O 15
Factors to Consider = 5
Crop Demands . : = WL
Soil Characteristics 16
‘T'he Farm Labor Problem . 16
Evaporation Losses ) 1 17
Friction Loss in Pipes 17
Use in Orchards____. 17
Pump Selection - 17
Costs . . 18
Original Cost LR 8
Operating Costs : - _ 19
COVER:

Rotating sprinkler heads being used to irrigate grain near Grand Valley,
Colorado.

Published and distributed in furtherance of the Acts of Congress of May 8 and June 30.
1914. by the Colorado A & M College Extension Service, F. A. Anderson. Director. and U. S.
Department of Agriculture cooperating.

FORT COLLINS, COLORADO JULY. 1949




Il hen to Use
Sprinkler Irrigation

in Colorado

W. L. Cope® and A. . FlaxaAn®
Foreword

M()DERN IRRIGATION began in Colorado with the arrival ol the
first Mexican settlers [rom Santa Fe almost exactly 100 years ago.
It has increased until water has been applied to about 3 million
acres ol crop and pasture lands. During all of this period, and
with only negligible exceptions, water has been supplied to the
land through surface and subsurlace systems. Great expendi-
tures ol time, effort and money have been put into developing
better hrigation systems and methods. Nearly all of these past
efforts have been devoted to leveling fields to suitable irrigation
grades and improving and pexle(tmg surlace systems lor the ap-
plication ol water.

Within the last 3 years sprinkling has assumed an important
position in Colorado as a means of applying irrigation water. The
increase has been so rapid that in spite ol the relatively short
time ol possible observation ol results in the State, some help is
considered necessary in acquainting prospective users with the
many questions and problems arising with this form ol irrigation.
This publication is planned with that purpose in mind rather
than providing the user with all the engineering aids required
in the design of a system. :

Historical

Adaptations of some form of sprinkling have been used on
a field scale since the tuwrn ol the century. In nearly all early
installations, permanent pipe-line locations were required which
resulted in a large financial investment per acre. With the intro-
duction ol lightweight steel pipe and quick couplers in about
1930, truly portable systems were possible at a considerable re-

UThe work on which this bulletin is based was done in cooperation with the Division of
Trrigation. Soil Conservation Service, U. S. Departiment of Agriculture.

2 Associate Trrigation Engineer, Colorado Agricultural Fxperiment Station, Fort Collins,
Colorado.

3 Trrigation Specialist, Extension Service. Colorado A & M College, Fort Collins, Colorado.
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duction in cost and sprinkling took on new importance. Although
the steel pipe was relatively light in weight, moving it entailed
a considerable amount ol arduous labor. This handicap was alle-
viated lollowing World War IT by the availability ol aluminum
tubing and castings. The resulting reduction in weight has made
sprinkling more attractive to many potential users.

Portable systems were first used in Colorado in 1935, T'hey
did not prove very popular probably because ol the labor involved
in moving pipe and unsuitable rates ol application. With the
appearance ol aluminum systems on the market, a new interest
hecame apparent in 1946. In 1947 there were about 10 systems
in operation. In 1948 the number increased to about 100 and
prospects at this time appear good [or continued growth.

What Justifies Installing Sprinkler Irrigation?

The prospective buyer of sprinkler equipment should weigh
carclully the various advantages and disadvantages of sprinkler
irrigaticn. He should keep in mind that irrigation in Colorado
is an annual operation ol from 3 to 9 months duration. Since
power is required lor sprinkling over a long period each year,
the additional cost may have an important bearing on the total
cost ol farm operation,

All Claims Have Not Been Proved to Date

Many claims have been made for sprinkler irrigation that
have not yet been substantiated under local conditions.  One
must not be mislead by statements ol greatly increased yields
through sprinkling. Such statements generally reler to compari-
sons between sprinkler hrigation and no irrigation.

Those who already have spent large sums in preparing land
for surface irrigation should assure themselves that an additional
large investment, to provide some minor advantage, is justified.
Experience with sprinkler irrigation is not sufticient in Colorado
to justily recommending its general use on field crops where good
surface systems now exist or can be economically developed.

Ordinarily one can expect a greater nrigation efliciency with
sprinklers than with surface-application methods. However, when
comparison is made with well-planned and operated surface sys-
tems on the heavier soils or moderate slopes the savings, il any,
may prove insignificant. Savings become very evident when com-
parison is made with long surface runs in permeable soils where
much water is lost by deep percolation.

Claims are made that less labor is required. Here again it
depends on the type ol system with which the comparison is
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made. There will be instances where little or no savings can be
effected as well as instances where savings may be considerable.
[t is true that workers with less irrigation experience can be used
with sprinkler systems.

Many Economic Advantages

Probably the greatest cconomic advantage may be found in
the development of new lands which have never been irrigated.
This is particularly true, lor example, where the land is rough
or where the soil is shallow or highly erodible. The expense ol
leveling and ditching is avoided which may well equal the cost
ol sprinkler equipment. There are areas ol good land entirely
too rough to irrvigate by any other means. Under proper control,
sprinkling reduces many ol the hazards ol erosion. This is an
important advantage which should not he overlooked when steep
slopes are to be nrrigated.

Small Flows of Water

Small quantities ol water attached to small parcels ol land
often are inadequate because they cannot be efficiently applied
by surface methods. The same situation arises in connection with
irrigation wells ol small capacity. These small streams can be
efhiciently utilized by sprinklers.

Starting Crops

Sprinklers may be employed in starting crops and “irrigating
up” plants too small to withstand the rough treatment ol [urrow-
ing out. In such instances only light irrigations are needed which
can be easily accomplished by sprinklers. 1f the rate ol applica-
tion is higher than the rate ol absorption or il the spray is in the
lorm ol very large drops, crusting may take place on soils that
have a high clay or silt content. Very close attention must be
given new seedings. The soil at the seed level should be kept
moist but il a crust has formed, moisture must be applied at
the critical time ol emergence. Sprinkling has made it possible
to grow a more extensive and better cover crop in orchards than
was possible with the [urrow surface method. It is also adaptable
to the irrigation ol some ol the high value seasonal crops where
light applicaticns ol water are desirable.

Fertilizer Application

Liquid fertilizers have been successlully applied through
sprinklers. Usually it is introduced into the water supply on
the suction side ol the pump. When this is not possible it can
be injected into the discharge line under pressure.  Pressure
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sprayer equipment may be used lor this purpose. By choosing
a time near the end of the sprinkling period followed by a short
“washing oft” period, the foliage is not damaged and the fer-
tilizer is carried down into the soil for only a short distance.
Efhiciency in the use of material should be greater than when
applied in a surface stream because ol better accuracy in the
calculations and no loss in runoft. Because the rate and timing
of the application is important, the work is usually done by
agents supplying the fertilizer.

One other advantage hequently pointed out is the elimina-
tion of ditches which often occupy 5 percent of the land surface.
With the elimination of ditches a considerable reduction of
weed nuisance is also effected.

Wind Interference

Probably the greatest disadvantage in sprinkling field crops
is the pattern disturbance by wind. should the wind blow longi-
tudinally with the lateral, the diameter of spread is reduced and
the rate of precipitation on the wetted area is increased. If the
wind blows from the side, the precipitation is concentrated along
the lateral. The first situation can be corrected by reducing the
distance between lateral settings. In the second case, improved

Figure 1.—Moving 2-inch sprinkler line in newly planted peach orchard.
The margin between the wet and dry ground is plainly visible.
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distribution also can be obtained in the same manner or by de-
creasing the sprinkler spacing along the lateral and replacing the
spreader nozzle with a plug. These modifications ol course detract
lrom the satislaction ordinarily experienced in the operation of
a system. Also lateral lines should not be continuously set in the
same location but offset on succeeding irrigations. This will help
to spread the water more unilormly during the season.

Pipe Setting

Aluminum pipe in 20-loot lengths without fittings weigh 10,
15, 20, 25 and 30 pounds lor the 2, 3, 4, b and 6-inch sizes. Those
below the 6-inch size are usually carried 2 lengths at a time and
a l0-year old boy can manage the 2-inch size. However there is
considerable amount ol walking to do in changing lines and
high boots are necessary il one wishes to be protected [rom wet
loliage. With some soils, extra lines are employed to allow the
ground to firm somewhat before a line is moved. Rubber sur-
laced gloves are usually necessary to protect the hands lrom con-
tinued wetting and Irom pipes that have become quite hot from
sun exposure when empty. Carts or trucks are necessary on long
moves and some delay may occur when vehicles cannot be driven
into a field lor pick-up. Some trouble can be expected should
it be required to move pipe at night. Considerable difticulty
may be experienced in tall crops. such as corn, when the sprinklers
are set on long risers and must be supported. A small amount
ol crop damage no doubt occurs Irom stepping on plants during
moving operations.

Trouble with Sprinklers

Nearly all operators have experienced some trouble with
sprinklers that lail to revolve or with a nozzle that has become
plugged. Failure to revolve may be caused by loreign material
in the bearing, the bearing being worn or most likely a partially
plugged range nozzle. Not only can debris enter the pipe through
the pump when the water supply comes lrom a ditch but also
as the pipe lines are being put together. The lormer can be
corrected only by screening. The latter can be controlled by
being careful and by flushing the line prior to starting sprinkling
operations. Some operators allow a small amount ol water to
flow through the line as it is put together thus flushing it out
asitislaid.

Diseases

Plant pathologists as yet are uncertain as to whether or not
the incidence of disease is increased under sprinkling. Many
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diseases develop and spread more rapidly in a high humidity, a
condition that attends sprinkling. Experience in Colorado is too
limited to determine whether a similar situation under our cli-
matic conditions might arise. Both early and late blights have
bheen observed in potatoes but in each case the usual control
dustings may have stopped the spread as no damage occunred.
Bean blight has also been observed but it has not been determined
whether or not it was any worse under sprinkling than with sur-
face irrigation. It is known that lrequent showers with wind
spread blight. Fungus diseases in orchards have been leared but
no positive evidence ol increase in their incidence thus far has
heen observed in Colorado or, according to reports, on apples
m Washington. It would appear sensible, however, that users
ol sprinklers be particularly alert for the appearance ol these
diseases when those crops normally aftected are grown.

Sprinkling versus Natural Rain

The idea that sprinkling is like natural rain needs [urther
study and investigation under the conditions prevailing in the
high arid plains and loothill areas ol Colorado. Rain almost
always occurs under effective cloud cover and with temperatures
less than maximum. Since irrigation water must generally be
used (ull time, day and night, when it is available, much sprink-
ling must be done under bright sunshine with temperatures often
at 100° F. or more. The eftects ol these conditions on the foliage,
disease and inscct development and the reaction ol the soil to
overhead irrigation needs to be much better understood. Night-
time sprinkling provides a close approximation to natural rain
and is, undoubtedly, a solution to part of the problem. Night
irrigation also saves water through decreased evaporation.

Variable Water Supply

T'he nature ol a water supply may prove to be a considerable
difhculty to a sprinkler user. With surlace irrigation under a
canal water supply, a slightly variable flow is usually of little
consequence. However the output from a sprinkler is fixed and
hence there will be times when some water will have to be by-
passed and applied in furrows elsewhere. During the spring run-
off, a much larger How is available to a user than later when
streamfow drops or reservoir water is being used. The spring
flows also carry more sediment which unless removed, will in-
crease the rate of wear on sprinkler heads. T'hese conditions must
he taken into account by the farmer. The output rom a well
fits the conditions of a sprinkler system but unless the flow is con-
fined to a pipe line, there will also be some difhiculty encountered
m obtaining a balanced flow.
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Portable Sprinkler Systems

Only two main types of portable systems for field and
orchard irrigation will be considered. One employs pipe con-
taining small drilled holes along the top. The pressure required
1s low, from 6 to 10
pounds per square inch
and the rate of applica-
tion ranges from | to 2
inches depth ol water per
hour. The other system
uses rotating sprinklers
with either one or two
nozzles. The average
pressure required is in
excess ol 20 pounds, usu-
ally about 30  pounds,
and may be as high as 50
pounds. The rate of ap-
plicaticn is determined
by nozzle sizes, pressure,
and sprinkler spacing.

Tubing

A portable sprinkler
system consists primarily
of either g:ll\';mize(l steel Figure 2.—Perforated pipe type of sprinkler.

or aluminum tubing m

sizes 2 to 8 inches in diameter and in 10, 20 and 30-foot lengths
together with the necessary fitctings. Aluminum tubing is standard
throughout the industry but the fittings are designed by the
various manufacturers and may not be interchangeable. The fit-
tings may be fabricated in part from tubing or they may be cast-
ings. In all cases they are designed to be quickly coupled together
and the joints made nearly water tight by rubber g.lskets that
depend lor their tightness upon a pressure ol about b pounds
per square inch. Joints permit suflicient angular movement so
that pipe lines can be laid around obstructions and over rough
ground. However, these joints must not exceed certain limits
ol angularity that prevent the lifting ol two 20-foot pipe lengths
shoulder high at a joint and still clear low- -height crops at “the
ends when being moved. A pipe fitting should be made in such
fashion that the operator can make or unmake the connection
at a distance of 20 feet by rotating the pipe. Further, provision
should be made for locking it against rotation in which case it
may be necessary to go to the joint lor unlocking. Bases on
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fittings should be sufficiently wide to support a rotating sprinkler
on a short riser without tipping. Tripod supports are available
for long risers. Greatest trouble arises with 2-inch pipe but by
laying on a slightly zig-zag line this difficulty is helped somewhat.

Perforated Pipe — Rotating Sprinkler

With perforated pipe the pattern is rectangular and no ap-
preciable overlap is needed and planning is considerably simpli-
fied thereby. Rotating sprinklers distribute the water in a cirde
N varying concentrations

38'5 from the center to the peri-

%2 meter. T btam uniform-
— ~ 95 ! eter. To obt or
SO 40 30 20 (10 O 10 20 30 40 S0 “E’ ity 1t iIs necessary to design

Cross-section of sprinkler pattern a system of circles that over-
lap to the required extent.
(See figure 3). The de-
signer must take into con-
sideration  sprinkler type,
pressure and nozzle size in
order to decide on sprinkler
spacing along the lateral
(sprinkler) line and the
distance between laterals.

T [ g BT H y T i . g
40 40’ I'he layout of piping
Figure 3.—Sprinklers spaced 40 feet and the location of the
along laterals which are 60 feet apart. pump must be such as to
The circles indicate the spread of the provide eflicient operation
spray from the individual sprinklers. The (vitlh the oreates OO
overlapping results in fair uniformity of . e -e i 2 )?( : Y
: e ’ m capital cost. Pipe sizes
depth of application as shown by the %l T e
figures within the squares. The pattern must be  chosen “"_]‘5_15[_61"
of distribution from one sprinkler is with ])Cl'llllSSl|)]€ friction
shown at the top. loss. The movement ol the
laterals must be thought
out m detail. The number of moves per day must fit in with
the farm labor program.

The Pump

The pump will be ol the horizontal centrifugal type and
must be chosen to deliver the correct amount of water at the
desired pressure. Since high efliciency in performance is most
desirable, a pump being used for other purposes is unlikely to
fit the strict demands of a sprinkler system. Since the designer
is often the salesman [or a system, it is important to deal only
with competent, experienced. and reliable agents.
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Water Supply

Water may be obtained from wells, ditches or ponds. Water
Irom a well can be pumped directly into the pipe lines but
water from ditches and ponds must be screened to remove debris
or moss which might cause nozzle clogging. Trash affects the two
kinds ol systems in different manners. Tiny hard particles may
clog the small perlorations that will easily pass through nozzles,
but stems and parts ol leaves that catch in-nozzles gather at the
end of a perforated pipe line and are casily Hushed out by open-
ing a valve. Fine sand that practically floats in the water even
at low velocities can be quite harmful to rotating sprinklers,
Coarse sand should be trapped in settling basins,

Pumping Stations

Unless there is a central pumping station, it is desirable o
provide semi-permanent pumping stations along a ditch. Il such
a plan is followed, better screening devices can be built than
those requiring portable construction. If the entire water supply
is drawn through a headgate from a main ditch to a central plant,
a permanent concrete structure can be built containing screens

Figure 4.—A permanent pumping station. Because the gate opening is
submerged, surface debris is carried off through the by-pass channel on the
right. The three tilted screens, I, 2, and 3 have progressively smaller sized
openings. Movable boards at the far end permit flushing the main channel.
The pump inlet is between these boards and number 3 screen. Arrows in-
dicate direction of flow. This is a good design.
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with three different sizes ol openings. A structure ol this char-
acter 1s shown in figure 4. The screens should be ample 1n area
to avoid the necessity of Irequent cleaning. Screens requiring
cleaning more than three times daily, become quite a nuisance.
A surlace baftle board in [ront of the screens helps to skim off
large floating material. 1l a box is built to serve as a sediment
trap, the design should be such that the velocity of the incoming
water will be low to avoid turbulence. In the construction of
such a box, a drain-out sufficiently large should bhe provided for
flushing out accumulated
sediment. The pump
should be placed low
enough so that it will be
self-priming.  To guard
against a water - supply
failure a float operated
device should be install-
ed that will open a switch
in the engine ignition
circuit or interrupt the
current in case of electric
motor drive.  Complete
float operated devices are
available lor electric mo-
tors that will not only

Figure 5. — Portable electric - powered
pumping unit. Surplus water flows over
horizontal screen. The suction hose enters  when the water Sllpl)ly
from the top. Better design would be a side
entrance to avoid a high spot objectionable y
in suction pipes. small supply ditches one

might be permitted to in-
stall screens in front of the diversion gate and water could be led
directly to the pump. In such a case all the usual sand and sedi-
ment which is not desirable would be discharged through the
system.

stop but also start them

returns to normal, In

Should the supply be drawn from a farm lateral in which
there is a surplus ol water, the surplus can be utilized to carry
off much of the floating debris in various ways. Figures 5 and 6
indicate methods that may be employed. The important thing
is a screen of ample area. It is desirable to place the pump
inlet some 10 or 15 feet upstream from the control gate or dam
which provides a pond on which trash can collect. If the pump
is self priming and water is drawn in excess of the supply
momentarily, no damage is likely to occur but air will enter the
system, causing some water hammenr.
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Pumping Plant

In a few instances it may be possible to utilize the slope of
the land to provide the necessary operating pressure. In such
cases a pipe size 1s chosen such that alter [riction losses arve de-
ducted, there will be suflicient residual pressure [or eflicient opera-
tion. For a new develop-
ment, wherein a well is
the water source, a tur-
bine or centrilugal pump
can be installed that will
both lilt the water to the
ground surlace and pro-
vide the necessary pres-
sure through pipe lines.
Portable Pumping Plant

When pumping [rom
ditches a portable pump-
ing plant is required. An
electric motor is portable
to a certain extent but
the gasoline engine is the
usual  source of  such
power. Certainly electric
operation is to be pre-
[erred, especially in night
operation, and depend-
ing on the situation,
plans may be worked out
for locating a motor-
driven  pump along a
spur service line. Con-
sultation with ofhcials of
a power utility on such

ST Prsech: i ended Figure 6.— Portable electric - powered
a5 S ’ pumping plant. Water flows through a sin-
Motors gle longitudinal screen and is drawn off

In the selection ol lr()m‘sump at lgll. Exl('ess' water passes on
. e Cabfve 3 Satying most of the floating debris. This
an electric mf)t()l ADOVER screen required frequent cleaning because
horsepower in size, the  of low capacity.
3-phase inducton type is
much to be preferrved because it is more eflicient and less costly.
‘Three-phase current is not always available and it sometimes be-
comes necessary to install larger single-phase motors. Power com-
panies, however, [requently limit their size to 75 horsepower.
Air-cooled gasoline engines are desirable rom the standpoint ol
their weight and cost but it is important that they be not operated
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at full load on such continuous service. Engines from other farm
equipment such as those used on sprayers may be found usable as
a power source. Automobile engines are generally of a size so
greatly in excess ol the power requirements ol the usual small
system that their [uel economy would be found low.

Portable pumps are exclusively ol the centrifugal type on
sprinkler systems as they meet the necessary conditions of pres-
sure and capacity with minimum cost. T'hese pumps are sensitive
to speed changes which, in the case ol engine drive, may be ad-
vantageous.  However, changing ol the pumping conditions
may altect the efliciency unfavorably. Since an electric. motor
operates at constant speed it is important that the pump per-
formance be closely adjusted to the requirements ol the sprinkler
system. ‘I'he pump must thercfore be chosen with care and lor
best satislaction furnished by the vendor ol the sprinkling equip-
ment. In the event, then, that performance ol the system proves
unsatisfactory, there is no divided responsibility.

Installations involving portable pumps are shown in figures
), 6 and 9. They can be mounted on skids, two-wheeled carts or
small wagons. A rubber hose is used both on the suction side
and to connect to the main feeder line.

Rotating Sprinklers

The two kinds ol rotating
sprinklers m use in Colorado at
present are shown in figures 7
and 8  Those in fhgure 7 are
ordinarily used on field crops.
Those in figure 8 are ordinarily
used in orchards and have but
one nozzle. They each are de-
signed with replaceable nozzles
so that changes from one size
boring to another can be made
easily. T'he manulacturers pro-
vide two angles ol jets for their
orchard sprinklers, 7° and 20°
(manulacturers’” designation) .
The 7° jet is intended to miss
all but the low-hanging branches
in the orchards.
>attern of Discharge

A mound or arcshaped
cross-sectional  pattern  of  dis-
Figure 7.—Types of sprink- charge from a single sprinkler
lers used on lield crops. head 1s desirable. Pressure and
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size of nozzle influence the shape and diameter of the pattern.
The mound shape is desired because in the necessary overlapping
of circles, the parts receiving less than average from any one
sprinkler are reinforced by water from an adjacent sprinkler.
The complete picture of coverage is a complicated system of
circles but the idea is simply illustrated in figure 3. The result
is not absolutely uniform even under
ideal conditions. It 1s not only influenced
by the performance of the sprinkler head
but considerably by the spacing and
pressure.

‘T'he pattern of a sprinkler is badly
distorted by wind and also by tree inter-
ference. When these factors are present,
uniformity drops materially. It
is desirable therefore that in
orchards using orchard-type noz-
zles that the sprinkler spacing
along the line be not more than
20 fecet and the lines not more
than 2 tree-rows apart. Further,
alternating the position of the
lines on successive nrigations
will improve the average distri-
bution for the season.

Figure 8—Orchard types of
sprinklers.

Design of System

Factors to Consider

Sprinkler system design is a step-hy-step process requuring
hoth skill and experience. It is an engineering problem not to
be atempted by the inexperienced if s‘msl.l(tmy performance at
minimum cost is to be expected. The designer must take into
account the character and water demand of the crops, the water
receptiveness of the soil, the capacity of the soil to hold water,
work program of the farmer, the source of water and the shape
and topography of the area to be nrrigated. With these things
in mind he determines the rate of appll((m(m the discharge per
individual sprinkler, spacing of sprinklers, the sizes and lengths
of the various pipe sections and the pump characteristics.

Crop Demands

The exact use of water by crops varies considerable according
to their vigor and character. Experience has shown that a gross
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amount cequivalent to a flow of 5 gallons per minute per acre
should be a minimum value. Flows up to 10 gallons per minute
per acre are not uncommon. The net use of water by crops
during the period of maximum demand appears to be between
G and 9 inches per month or 0.20 to 0.30 inch per day. The
greatest demand is by alfalfa and full-grown orchards with a
COVer Crop.

Soil Characteristics

Soils have varying capacities according to their texture, for
holding water available to a plant. The sandy, coarse-textured
soils may hold only 3/ inch per foot of depth while silt loams
may hold as much as 2 inches. Therelore should plant-available
moisture be desired m the first 3 feet of soil column, then i the
first case roughly only 114 inches need be applied in one irriga-
ton and 6 inches in the second case. Il the rate of use he 0.20
inch per day, the interval between irrigations would be approxi-
mately 8 and 30 days respectively. The rate of application is
limited by the soil type and cover. Nearly all sandy loam soils
will absorb water at the rate of 34 mch per hour,. sandy soils
more, and heavy soils less. When covered by allalla or as in a
pasture, the rate may be higher. It is essential that water be
applied only as fast as the soil will absorb it. It applied at a faster
rate resulting. in runoff, the soil may become puddled and both
water and power will be wasted.

The Farm Labor Problem

The farmer, when acquainted with the problem and having
a definite program in mind, will probably determine for the de-
signer how olten he wishes to move sprinkler lines. With an
I'1-hour schedule and continuous operation, pipe will be moved
morning and night allowing | hour for moving. This is very
convenient in connection with free time for other farm duties.
Five-hour sets require at least one set being made at night which
1s not convenient and is olten omitted. Other tme intervals
might be considered according to the labor situation or depth
of application desired. From observation of the operation of a
considerable number of Colorado users it would appear that a
maximum hrrigation in 'l hours meets with greatest approval.
However, many use 7-hour and some use 23-hour schedules. A
h-inch water application can probably be considered maximum
for a sprinkler system. For many purposes as in starting germina-
tion of seectings. lesser quantities would be desired. In such cases
the time could be halved or some other proportion used.
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Evaporation Losses

There are certain losses that occur in sprinkling that must
be taken into account. The principal one is evaporation from
the water jets in the air and from the soil surface and wetted crop
loliage. Evaporation has been shown by Christiansen' to be on
the order of 2 percent providing the spray remains in the form
of drops. Should it be broken up into mist by too high pressure
or wind, the loss is greater. Evaporation from wetted i()lmgc and
soil surface is a much larger item because the exposed surface is
extensive and the longer the exposure the greater the loss. These
losses vary considerably and are almost impossible of determina-
tion but are estimated to be between 15 and 30 percent. The
system capacity must be designed to include such losses.

Friction Loss in Pipes

The choice of pipe size is based upon the loss in pressure
because ol fIriction. Each sprinkler takes off some water and
therefore friction decreases along the line. \When the [riction
factor reaches a sufliciently low value, pipe size can be reduced.
When the hydraulics of the line have been worked out, it must
meet the test ol not having a pressure drop exceeding 20 percent
ol the pressure at the first sprinkler. This is necessary to insure
reasonable uniformity of sprinkler discharge.

Use in Orchards

In orchard sprinkling, long nozzle range is not feasible hence
sprinkler spacing is much less. "T'he usual spacing along the
lateral 1s 20 feet and the distance between laterals is governed
by tree spacing which varies from 18 feet for peaches to 30 and
40 feet for cherries and apples. Thus lateral spacing may be
20, 30 or 40 feet as the case might be. Calculations on system
design then must be based on these conditions. Since tree inter-
ference is always present in an orchard, uniform seasonal depth
ol irrigation where laterals arc placed in alternate rows, can be
obtained by placing the pipe in the in-hetween rows on successive
irrigations.

Pump Selection.

In the selection of a pump the two conditions ol pressure and
discharge ol the sprinkler system must be met within reasonably
close limits. It would he most unusual to find a pump that would
exactly fit these conditions hence it becomes necessary to make
some slight compromise between the two requirements. T o avoid
any considerable variation and since no one line ol pumps is

' J. E. Christiansen.  Dhrvigation by Sprinkling.  Bul. 670, Uni. of Calif.
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likely to fit all situations, the designer needs to have several lines
to select from. It 1s seldom that a dls( arded or second-hand pump
will fit the needs of a spllnL]e) system. Their characteristics are
generally unknown and since efliciency is so important, it is
unwise to give them any consideration. M.my pumping units
are available in one pac kage, that is, the engine and pump are
combined as a unit. Others have to be assembled on a founda-
tion frame.

Figure 9.—Portable engine-powered pumping plant on ditch bank.
Water is being drawn temporarily from within a frame covered by a screen
which required frequent cleaning.

If not pumping into a pressure main, requiring that water
be pumped from various places along an open ditch, a portable
pumping unit will he required. bln(e in nearly all cases a sump
and screens will be necessary, it will prove advantageous to serve
several settings of a lateral, usually a minimum of three, from one
pumping station. T'his will require from 40 to 60 feet additional
pipe and some fhttings.

Costs

Original Cost

The original cost is influenced by a number of factors some
of which are fixed, others a matter of design. hrigation of long
narrow or irregular areas require more pipe than compact square
areas. Permanent mains equipped with valves m risers will in-
crease the first cost but save on water and labor. High rates of
application will require larger pipe but may reduce the number
of sprinkler lines thus making a saving. Light applications, such
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as might be given grain, permit more area to be covered with a
given amount of equipment. The pumping unit will vary in
cost according to its character. There is theretore a considerable
range in the cost per acre. Of 25 systems investigated in 1948
the lowest cost per acre was found to be $25 and the highest
$150. The average was $73 per acre.

Operating Costs

By making certain assumptions one can compute the cost of
operating a power unit. Assume that a depth of 18 inches of
water is to be applied by pumping against a 36-pound total head
with an engine requiring | pint of gasoline per horsepower
hour and a pump having an efficiency of 70 percent. Under these
conditions 30.6 gallons of gasoline per acre for the season would
be consumed. At 18 cents per gallon the cost would be $5.51.
The cost of lubricating oil would have to be added to this sum.
Il an electric motor with an efhciency of 80 percent had been
used, the power consumption would have been 228 kilowatt hours.
At 2 cents per kilowatt hour the cost would have been $4.56 per
acre for the season. Actual reports from users indicated consump-
tions of as low as 18 gallons and as high as 40 gallons of gasoline
per acre for the season. Reports from electrical users varied from
201 to 400 kilowatt hours per acre. These differences were due
principally to differences in the amount of water applied although
pump efticiency and pressure have decided eftects on power con-
sumption.

Labor cost can be roughly computed on the basis of I man
hour required to move 14 mile of pipe. Many report that this
Jitem amounts to from 14 to 34 man hour per acre.




