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Use and Deeign Considerations of Sprinkler Systems 4n Colorado
<= by W. B, Code
- Associate Ir-igation Engineer

.~ Colorado A & M Experiment Station
ABSTRACT

Sprinkling can be used ad&aﬁtageously iﬁ Cbloradovto irrigate

< rough or uneven lands vhere surface irrigation would be difficult or

unsatisfactory., It is useful on lands that cannot be properly prepared

.. for irrigation becauge of thin top eoils underlain dy gravel or hardpan, .

Most of the hazards of erosion on many of our steep slopes are

avoided by sprinkling. A better cover crop can be grown in orchards

and root injury by furrowing oubt tcols is eliminated, Light irrigations
can be effectively applied by surinkling and, especially on light textured
aoil, a ccnsi&°r1ble saving of water is possible.

Sprin&lin» offers a very valnable alternwtive method of a,plying
water but its greatest economic valuve probably lics in the development
of new lands, The high capital cost of equipment can about egual the

-¢ost of preparing land for surface irrigation 4n many cases. FPractically

no land preparation is necsssary under sprinkling. Cost of powar is
‘of sufficient ifmportance that it should be given serious consideration
in making a choice.

The design of a sprinkler systen should not be attenpted by
the inexperienced, It is an enginsering prodblem in which the engineer
should have a knowledge of solls and plants,
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In a state such as Colorado vhers we have aboud 3,000,000 acres uﬁder
irfigatioﬁ and have been irrigating for 100 years, sprinkling offers us only
an alternative method of applying water, It is a sitvation quite different
from that in the huanid areas where irrigation is something new, Here our
lands have been prepared through the years as a continuing process to be
irrigated by surface methods., Much monsy has been spent in leveling and
smoothing to accomplish this, Water just can't be poured out of a ditch

onto raw land and accomplish anything like efficient irrigation, In the Fast

_this feature is jumped when sprinkling ias used which is proper because it isn't

necegsary. Our problem is that of choosing something that ie better if the
older mothod falls short.’

In the case of new lands %o be irrigated in Colorado what has dbeen saidh
about Fastern lands holds true dbut with an additional prodlem, ¥Whereas only 1
or 2 light irrigations may be required in the East. here we must go through the
entire seagon applying practically all the water required for plant growth., We
need therefors to look at epriﬁkling rather eritically; to judge it from all the
angles of advanbages and disadvantages which 4% may possess when consldered as
a replacement of an already estadblished system, {

The advantazes under Colorado conditions are rather numerous and may not
include all that I am about to-mention. Probably the mogst 4mportant one and one
having reasonably sound aspects 4s that of applying water to new land, Particularly

is this true when the 1land is topographically difficult for surface irrigation

and fequiring a complicated distribution system, Land preparation for efficient




‘surface irrigation including ditch building seldom costs less than $20 per
acre oven with favorable topograrhy. YNothing mors than smoothing to pernit the
movensnt of farm machinsry is sufficient for a syrinkler system, Costs for land
pféparétion therefore can be considered as an offgset on sprinkler capital costs,
The capital costs in Colorado have been found to range between $20 and $100
por acre averaging about $75;  Another type of new land to be considered is that
vhich is boulder strewn or very rough entirely ungsuited to surface irrization bub
ﬁsable és a pasture, The value of such land may be increased from prac%icaliy
hothing to gomething substantial, There are also thogse lands with a thin soil
coveriﬁg over gravel or hard pan vhere leveling may be 1mpossible;

bt gteep sioPes. the danger of erosion is practically eliminated uwnder
éprinkling. Brosion under surface irrigation is an ever present menacs and a
nﬁﬁbeé of orchardists have éhanged to gprinkling for this reason alone, - A
favorable condition for a sprimkler is that of the pipes operating down sbeep
slopss. The fall may offeet pipe friction and may result in smaller sizes being
roeuired. In some situations the £all is sufficient to operate without power.
Reverse slopes on lateral lines pose a difficult hydraulic problem.

"Sandy goils do not hold as much water per foot of depth as the loams and
hoavier soils, With surface irrigation much water is lost throush deep
percolatibﬁ and furthermore irrigations are necessary. Savings on water by -
sprinkling may be expeched undar sach conditions. :

One othor item of advantage and of considerable importance is th?t S
'the~éaviir'iﬁ 1and area by the elimination of ditcﬁes. I% is a COmﬂég éiﬁuation
that as uuch as 5 porcent of farmed area is occupied by ditches. Besides taking
up 8p 1ce ditchns are a nuisance in moving farm mxchinery and are nearly always
grown un to weeds to offer a haven to grasshoppersg,

. " The ordﬁﬁrdist fihds other advantageé. The‘ushal pracéice these days is
thé gfowing of ground cover between the trees, Ordinarily furrows are used

which rust be ol aned oﬁf several times during the seasoﬁ‘ﬁhéreby praventing'h
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but little grouth in them, The middles between the furrows. especially those

furrows adj;cent to the trees; often do not reseive suffic nt water to support

grooth. A larve oroportion of the surface therefore - porhana 40 percent 13
. vithout covor.v Another drawoack with furrows is the ruot 5njury c\used by the-‘
.1mplemenos used to make them. Troo roots grow very close ko fhe surfaca to feed
on the fnrtilizar placed there. Sorinolino encoura ges groath over the ontlro .
surface 3nd further sinca furrowq are eltninated traffio with sprzy rigs and
harveafing truck can be in any direotion and damage to vehiolea 15 greatly
reduced. '

Tha ;noroach to thsbdes*red anount of water to an aly by sorinmllnﬂ is
theoretically the same as wivh any othnr method. However no other nethod quite
reachog the perfection of water es atrol as does the sprlnxler and therefore
: much can be done from an engin“ering-agronomy standnoint to attxin these ends,

In this a unowledge of soils is v;luable, 1n fact nncevsary to br1ng about

satisf‘actory results, :

e Seversl thinos ﬁust be tiVen into consideration almoat simultuneously )

1n the degizgn of a sprinkler system. Part of then are agronomic and part

depend on the farﬂer'a labor situation, Onco those aré deternined, tho'problem

is ready for'engiﬁeering énalysis;{

1t io nocesoary'fi£st to consider the crop to bs watersd, because of the’

‘gféat variation in root hadbits of plants, The grasses for instance have a
“shalloy roof aystem, 6 to 18 inches, while 21falfs and trees have a mch deeper
“gystem, 4 to 6 feel, The object of irrigation of course is to place moisture’

“wherse the roots will make the best uee of it. Water placed beyond roots is
“lost and generally thouzht of as being wasted. Water applied in insufficient
:"quantity theredy hot'providing moisture in the feeding gone limits plant growth
fby.not providing a sufficient volums of earth to feed upon, It also entaile
“yeplenishnent at more frequent intervals. There is then the problem of placing

water in the soil to predeterained depths. The varlous soil typee have varying
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caczcit%es for holdino water 3vailable for yllnt use. This 1s not the place

S A

to go into 3ny groat det111 about soil moleture char;cteristics howpver. gome

. 2 -

attention must be given to 1t The amount of water held by capillariuy acainst
gravAty iq ca11ed 1ts field czyacity. “hia occurs a day or so after 1rrigation
depending on the soil tyre. Plants are unzble to withdraw all tha moisture held

|

1n thn soil. ‘A certain anount is firmly held a?ainst the powor of the roots to

extnacu it. Tha amount of water between these two 1imits is calledr;he nlant B

availub’e moistura.‘ | . | i &H . i ’}j v
A Woisture av:ilible to plants vzries from 1 1nch in vandy so&{ to 1nches

in heavy lo;ns per ‘foot of depth This 18 the reservoir that the p1°nt draws

upon between irrigutions. xhe objact of the irlirator then is to £111 this R

reservoir to the proper depth and as a maﬂwger. nevar allow it to be fully

exhausted, Ja know a: broxinat°1y the rate at wﬁich plznts consum° wztnr. It

varies with the crop. the stxge of mgturitj and r;te of growth 1nd ranges froﬁ' ;

0 1 to 0. 20 1nrh per dzy.' How with the aﬂount of” water rg1uired to brlng the

soil resnrvoir up to capacity and the use rzte per day known we c;n deuermiﬂe fha

amount of watnr to put into 1t =nd how lonﬂ it will last._n )

A The unfortunate thino about all thia is thzt only the soil scientist with

ﬁié_toolg agd'knowledge. can deteraine all the_facto?swinvolvgd,, For instance a

goil moisture test would‘be phe‘on1y.pe3n§‘ofﬁ@iscove;ipg hpw:mu§h moisture the soil

eontaine at any given time, The farme;_@oeg'notlhavitheée scientific aids, He

' cannot know the water holding capacl by of his soil but scionce has provided him

with an approximation from the soll type, He also does not know the rate of use

by the plant but again he knows it approximately. His 801l auger will tell him

how far wronglhe night be and he can adjust his program accordingly. And if he

doeépot take advantage of these alds he can wvatch his crop for symptoms of distress =

not always a good method., He darss not walt for severe symptomg to develop because

he knows that furthef danage will occur befors he can get the entire field irrigated.



¥With the approximate data gained by reviewing the items thus far discussed,
the enginoef ;an start’his design of a 8p£inkler sfstém.‘ He needs firat of all to
know the 11m1t of rate of application which nust not be excﬂeded Probably the next
1mﬁort1nt consid@ration is the desirb of the oporator as to how long he wishes a
sprinLler 1ine to be left 1n ons position. Opinions vary cvnsiderably in rPSﬂect
to this point Some farsers may wiah to mwnage the equipment themselves whila
others will vse hired 1abor. SOme will not want to irrigate at night ?hus from
the labor standnoint times of set wi;l be from 3 or hours to 12 or even 24
hours. One of the most comuon plans chosen consists of 2 moves per day for a
maximam irrigation. Of course not all the +imes y;eld the 5ame efficlency. .Thé
shorter the period of set and the hlgher the rate of anplic;tion the greater the
efficlency will be. ifs : | . &

There are many aids available-to the‘engin°er in.the Qay of tablea and
dia’rans which obviata laborious computations in prepzring a design. Manufacturers
provide data on tho dischzrse and dzm ieter of sgrexd of their ehriuflera at
various préssures. They do not however supply data on the character or Iattern
developed by their sprinkler ”his chanres with preesure and nozzle size.

Tables are av;ilab1e that provide the averegs nrecipitztion per hour for various
ordin'ry swacinba betw°en sprinklers for given disch;rres per s: rinxler. Since
sprinkler discharge ie simplv control ed by nozzle size. any reasonable desired
disoh 1rge is attainable. For 3 EIVon s rinbler tgpe, thera is a fairly wide
assortdent of nozzle sizes that mmy be used In choosing a nozzle size the
desizner must keep in mind its associatlon with pressura. Too smzll a nozzle
with 2 high presaure will breax up the Strelﬂ into a nist 1nd low pressure with a
large rozzle CiNses exccs 1vely lxrga drops of water. The first condltion rosults
1n a mist which auf;ers much loss in imﬂedthe GV3poration in the alir and an '
exce«sive wind drift loss. "he second conaition of llrge drops causes unwznted
compaction of the soil surface and is usuully attended wi th a very poor

precipitation pattern,



Thp first qua tity for determination is that of providing the maximum
precipitation rnquired d.unn° the chosen puriod of lateral plzcement * Sprlnller
spacinr will be chosen arbitrarily and mst be a multiple of 20 or 30 feet as
these are the standard pine lenvths. Sp«cing falls 1n»o 2 main cztegories - onev
for orchlrds and the other for field crops. Orchard s}acing 1s usuzlly 20 by 20
feet but may bs .dJusted to fxt the tr e roas. VS 2 ing must ba short beﬂzuse of
.,the low angle low capacity eprinklers emnloyed. Pinld croP spzcing nmy vary
considerably but ordin;rily thors are but 2 mzln dlvivions. Ohe émploys a
'preseure of about 35 psi and the sp101ng will automlt1C3lly be 30 by 60 feet or
40 by 60 feet 'rﬁhen the pres sure 19 60 or 70 ps 1 the spac1ns m;y be as ﬂuch as ;
60 by €0 feet ”he reaulred prccipitntion that I mentioned vhich 1 bzsnd on the
gpacing and diSCthFe per Sprinmler is that actually entorinc the soil, Sihca
part of the moisture is log t by evayozatlon of the ntre;ms in the air and a much
-largor paru from wetting plznt fOll 2ge, adwu«tnent must be made for such 100393.
The nuabsr of srrinklnrs on a latprzl in a aymetricml dnsign {s known from its
length hence multiplyinr the average disch;rge per sprin.ler hv the nunbey of
sprinklers ona arrives at tne total quxntity of wlter necess zry to convey in pipes.
.‘ Syate:s mxy be conposed of ona or more laterals. It 1s ‘comuon for 3 complete-
ily portable SYS»BL to consist of but one 11t°r11 and a very short ﬂain lin A
.Other systeqs consist of rwther lon— portab’e main linns ;ﬁd‘y l;terals or the
”main links may be permlnent and laid undergrouud . Wain 1ines are usually of one
~size from end to end but 1zterzle may‘consist of several sizes;‘ The pipe size
‘for a nzin lina 18 most freﬁufntlj chosen by a ggig ofvthu;b\on the bas*s of
reasonlblo frlotlon 1099.. FYor precise deterﬂinat*on of 8129 the anwull cost of
:the pipe linp would be balqnoed 3gain9t the annuxl cost of vower.' The de ign
'of the 1zteral line ia nore co1plicated beczuse of water beinm dischar*ed at

intervzls alo 1t8 antire length Hera again the engin*er is 3ssiqted by

V owiid

spﬁc%fic diqgrmﬂs which greatly simplify the computztions 8y eciallg whore it

is dealrzble to use severll sizes of uine. 1 mirbt say hcre thmt it has bean

"it‘r (?
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found from exwerience that it is hibhly undesirable for lateral lines to exceed
1300‘feet 1n length. The solection of pipe sizes ts a Cut-;n’-try process in
wyhich the dasigﬂ 1s tested for pressure droP. A limit has been agreed upon of

20 percnnt between tho first and last sprinkler vhich results in an auproximately |
10 percﬂnt variation in dlscﬁmrae. Fr»quently there ars as many 3-pipe sizes
{nvolved and several tri;ls pay be necessary before the cheavest line providing
tﬁé:proper lozases is found, Should é latéral>iine ﬁa running uphill, this must

bé téken into account in combinﬁ%ion with friction loss. Sometines in such cases,
smallér 6apacity sprinkiérs are necéssary at the'beginhing'oé the 1line.

‘The fina) item of desizn 1s the pumping plant. It should be earefully
chogen go that it will operate at maximum efficiency., A puamp driven by an internal
6ombustioh engine hés sone flexibility as to sﬁeed and heﬁce capacity.. This
cannot be chanzed graatly for both pressurs and capacity are affected. .Tha
speéd of an elactric motor cannot be changed hence a pump so driven particulariy.
must'be carefully selected., The completely portable system will have a pumping
unit mountéd on wheels and will be engine driveﬁ. It wovld requiro a water ﬂ
sn;ply in a ditch and would be moved for every set or, with a short feeder line,
every 3 sets. Thig is 3b~ut the cheapest type of eprinkler gystem. Another type

with the uvtcr supply at one adge of a farm could consiet of a long mainline, 2

‘or more laterals and a permanent punping station, ¥ith a central water’supply

the mainline would‘be.only half as long and perhaps of smaller pipe. In this"pipé
would be taken of: n one gide of the pump to dbe added onto the line running
in the cpposite direction, A third type would contain a permanent buried
maiﬁlihe: i | ;. L V 5 e

Something should be said about the attitude of people with respect
té-labor ih handling a s?rinkler system; In this there is a consideradle
diversiéy of oPinion. Somé men dotest the business of moving‘pipe wholehsartedly.
Othsre pralse it to the gries. Much depends on what thsy are used to and what .
kind of eoii and crops'arelinvolied. Moving pipe for a row crop in muddy heavy

soll i very'arduoué'work. with pasture or élfalfa in 13zht, quick draining
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soils, the work is relatively ecasy but in either case much walking is involved.
Rubber boots are necossary and if a plugged sﬁrinklér is being worked upon, the
operator usually gets pretty web. So often hived labor ie inexperienced and
fequiros close supervision with surface irrigation. It ean be said that sprinkling -
requires'less ezyérienéecénd 1htélligencé for satisfactory resulis. Once a sprinkler
pfdgfam is detarmiﬁéd. little or no judgsent is required after becoming'acquainted
with the mechanice of the equipment. On sots involving such long periods as'li'
ﬁcuis, 1sbor qaﬁ Yo utilized part time in other manners. ‘ .
Gomparison of efficlencies are always interesting, Irrigation efficiencies
also &zn Bé comyared.b Soma gprinkler manafacturers are guiity of makiﬁg ¢laimg not
entirel& correct in this regard., On the lighter, permeadble solls with surface
frrigation, much water is lost through deep parcolation at the upper énds of long
runs %o properly irrizate the lowor ends, On heavy soils loss from dsep
'pércolntion ig not go much of a ﬁroblem but more water may be lost as runoff at the
10wér ends. Investigations of farm consunptive use of water indicate that an |
efficiancy of 70 percant ¢an be considered quite hizh but atiainadble under careful
mynagenent, A falr averaze would be near 50 percent., ¥ot much work has been
‘done along this 1ine with sprinklers but the indications are that 2 to 4'percent of
*3he wber 1s evaporated from the sbreans in the air. ¥ater dvonches all the foiiage
oL field crops as wall as all the ground surface.’ The total surface ares from
c;hieh evaporation is taking place therofors is'vafy great. PBstimites based on some
:éxperiméﬁtal work indicate that combined losses may be 25 or 30 percent on a
&éodeﬁxtalf hot dﬁyzﬁithﬁé'lighf'wind; Under very hot, arid conditions and faiw
:n;indsfgkthcssegkay réadﬁ'40‘pércént or more. Thus w%&in& that sprinkling can be no
efficiert o : ] :
nore bxpansive than good surfoce irrigation, Howover because sprinkling most
"iikbly ;dﬁid be used under conditions whers surface irrigtion would bo difficult
traﬁﬁ:efficiéncy.iow wa ¢an honently concludas that it frequently would be more edonomical
;Zof'ﬁaf§r;'bThia wduid‘be particﬁldrly true whers only light irrigations are wanted.
‘."ﬁﬁifordiﬁy of application is often stressed by sprinkler agents. In a way

unifornity as an average for an entire area can be good but local distribution
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c¢an bs very poor, The circles of wobtted areas feather oul to zero precipitation
at the edges of course, The fact that these cirecles of coverage overlap is not

gufficient. They musd overlap properly in depth and about the oaly way to

detepruine uniforaity is through the congtruction of a diagram using the pattern

fyrom one sprinkler repoated as nacéssary until a rectangle is completed betwsen 4
gprinklers. By dividing this rectangle into nuumerous squares and computing the
precipitation for each square, one obtaiﬁs o comparison beotween the high and low
ayplication areas, Many arrangements will show a variation of as much as 50 percent,
The more extreme variations will becoms aypparsnt in the condition of the crop.
Exampleg of uneven heights of plants are comuon in fields of grain and alfalfa,
Examination of the soil with an avger will corroborate the observations., These
conditions may exist because of an inherent patitern defect of the individual
gprinkler, for a given spacing. Or i%{ may be because of wind, one of the eprinklers

worst enemies. A corresctive remedy can be employed by shifting the linss laterally

on gucceading irrigations to prevent permanent dry spots.

In suaning vp, it will be eeen from what hag dbeen s2id th%t';n sprinkling
we have a specialized teol that Canvba very uscful under conditions.where surface
irrigation would fall or the reeulds be very poor. It offers a scientific approach
to irrization because of the close control over the water., By taking advantage
of known rooting habits of a crop, penetration can be linmited to a desired depth.

It probably will be more costly initially than the precaration of land well suited
to surface irrigation, It may or may not save labor but it dces make it possidle to
manage by the clock once the time of applicition is determined. Operating costs
will probably be greater. It can be more efficient in the use of water but not
necessarily so vhen compared with officient surface irrigation. It may oi mnyy not
provide reasonable uniforaity of water application. In a sitvation where sprinkling
is considered as a replacement of surface irrigation, the change with its added

costs ghould be given very serious thought,
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