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When to Use 

Sprinkler Irrigation[ 
in Colorado 

W. E. CODE2 and A.]. HAMMAN" 

Foreword 

MoDERN JRRJGATI01 began in Col orado w i th the arrival  of the 
f i rst  1exican set t l ers from Santa Fe a l most exac t l y  1 00 years ago. 
I t  has i ncreased unt i l  w a ter has been appl i ed to a bo u t  3 m i l l ion 
acres of crop and pasture l ands. During a l l  of this period, and 
w i t h  only neg l i g i b l e  except ions, water has been suppl ied to t h e  
l and t h ro u gh s u rface and s u bsurface systems. Grea t ex pend i­
tures of t i me,  effort and money have been put into deve loping 
bet ter i rr igat ion systems and m ethods. 'early  a l l  o f  th ese past 
e fforts have been devoted to l eveling fiel d s  to s u i ta b l e  i rr igation 
grades and i m proving and perf ect ing s u rface system for the ap­
pl ica t i on of water. 

Within the l ast 3 years sprink l ing h as assumed an i m portant 
posi t i on i n  Col orado as a means of a p p l ying irriga tion water.  The 
i ncrease h a s  been so rapid that in spite of the rel a t ively short 
t i me of poss i b l e  observation of resu l t s  in the State,  some hel p  is 
considered necessary in acq ua int ing prospect ive u sers w ith the 
many quest ions and probl ems aris ing w i th t h i s  form of i rr igat ion. 
This p u b l ica t i on is pl anned w ith tha t p urpose in m ind rather 
than provid ing the user w i th a l l  the engineering a ids req u i red 
in the design of a system. 

Historical 

Adaptat i ons of some form of sprink l ing h ave been used on 
a fie l d  scal e  s ince the turn of the century. I n  nea r l y  a l l early 
insta l l a ti ons, permanent p i pe-l ine l ocati ons were req u i red which 
resu l ted in a l a rge fin_ancia l  investment per acre. \Vi th the intro­
d uction of l ightweight steel p i pe and q u ic k  coupl ers i n  about 
1 930, t r u l y  porta b l e  ystems were poss i b l e  at  a cons idera b l e  re-

1 The work on which this bulletin is based was done in cooperation with the Division of 
Irrigation, Soil Conservation Service, . S. Department o[ Agriculwre. 

:::! Associate Irrigation Engineer� Colorado Agricultural Experiment Station, }:'ort Collins, 
Colorado. 

a Irrigation pecialisl, Exlension Service. Colorado i\ &: �I College, Fort Collins, Colorad,.,_o"-. ___ £ 
\�l\l \\\ll\�ll\\l\\\l\l\\ll\l\�l\\ll\l\l\\\l\l\� ll\ll \\\\l\\l\\l\l\ \ll\ 

U18401 0.590324 
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d uct ion in cost and prink! ing took on new i m portance. I though 
the steel p i pe wa rel a t i vely l ight in weight ,  mov ing i t  ent a i l ed 
a considera b l e  amount of arduou l a bor. This hand icap was a l l e­
v i a ted Fol l o w i ng \Norl d vVar Jl by the ava i l a b i l i ty of a l u m in u m  
tubing and cast ings. The res u l t ing red uct ion i n  weight has made 
sprinkl ing m ore a tt ract ive to m any potent ia l  users. 

Porta b l e  syst ems were f irst used in Colorado in I 035. They 
did not prove very popu lar  proba b l y  beca use of the l a bor invol ved 
in moving p i pe and unsuita b l e  ra tes of a ppl ica t i on. \Vi th the 
a ppearance oF alu m inum systems on the market,  a new i nterest 
beca me a pparent in 1946. In 1947 there were a bo u t  10 systems 
in opera t ion_ I n  1 948 the num ber increased to a bo u t  1 00 and 
prospects a t  this t i me appear good ror cont inued growth.-

What Justifies Installing Sprinkler Irrigation? 

The prospect ive b u yer or sprinkler eq u i pment sho u l d  weigh 
caref u l l y  the various advantages and d i sadvantages of sprink l er 
i rriga t ion. H e  shou ld keep in mind tha t irrigation in Col orado 
is an annual  opera t ion of from 3 to 9 months d urat ion. Since 
power is req u ired For sprink l ing over a l ong period each year,  
the add i tiona l cost may have an i m portant bearing on the total 
cost of farm operat ion. 

All Claims Have Not Been Proved to Date 

Many cl a i m s  have been made for sprink l er irriga t i on tha t 
have not yet been substant i a t ed under l ocal cond i t ions. One 
m ust not be m i sl ead by statements of grea t l y  increased y i e l ds 
through sprink l ing. Such sta tements genera l l y refer to com par i ­
sons bet w een sprinkler i rr iga t i on and no irrigat ion. 

Those who already have spent l arge sums i n  preparing l and 
for surface irriga t i on shou l d  assure themsel ves that an add i tioqa l 
l arge investment, to provide some m inor advant age, is justi f i ed .  
E x per ience w i th sprink l er i rriga t i on i s  not su fficient i n  Col orado 
to just ify recommending i t s  general use on fi e l d  crops where good 
surface system s  now exist or can be econom ical l y  devel oped. 

Ord inar i l y  one can expect a greater i rr i g·a t i on e ffic iency w i th 
sprink l ers than w i th surface-a ppl icat ion methods. H owever, when 
com par i  on is made w i th wel l -p l anned and opera ted surface sys­
tems on the heavier soi l s  or m oderate sl ope the savings, if any, 
may prove insigni ficant. Sav ings become very evident 'yhen com­
pari son is made w i th l ong surface nms in permea b l e  soi l s  where 
m uch wa ter is l ost by deep percol a t i on. 

C l a i m s  are m ade that l ess l a bor i s  req u i red. H ere a�a i n  i t  
depends on the t y pe of syst em w i th which the com panson 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. 
It is true that workers with less irrigation experience can be used 
with sprinkler systems. 

Many Economic Advantages 

Probably the greatest economic advantage may be [ound in 
Lhe development ol new lands which have never been irrigated. 
This is particularly true, for example, where the Janel is rough 
or where the soil is shallow or highly erodible. The expense of 
leveling and ditchin g  is avoided which may well equal the cost 
of sprinkler equipment. There are areas of good land entirely 
too rough to irrigate by any other means. lJncler proper control, 

prinkling reduces many of the hazards of erosion. This is an 
importan t advantage which should not be overlooked when teep 
slopes are to be irrigated. 

Small Flows of Water 

Small quantities ol water attached to small parcels of land 
oFten are i nadequate because they cannot be efficiently applied 
by surface methods. The same situation arises in con nection with 
irrigation wells of small capacity. These small streams can be 
efficiently utilized by sprinklers. 

Starting Crops 

Sprinklers may be employed in starting crops and "irrigating 
up" plants too small to withstand the rough treatmen t  of furrow­
ing out. In such instances only light irrigation s  are needed which 
can be easily accomplished by sprinklers. If the rate of applica­
tion is higher than the rate of absorption or if the spray is in the 
form of very large drops, crusting may tale 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 if a crust has formed, moisture must be applied at 
the critical time of emergence. Sprin kling has made it possible 
to grow a more extensive and better cover crop in orchards than 
was possible with the furrow surface method. It is also adaptable 
to the irrigation of some of the high value sea onal crops where 
light application s  of water are desirable. 

Fertilizer Application 
Liquid fertilizers have been successfully applied through 

sprinklers. Usually it is introduced into the water supply on 
the suction side of the pump. '.Vhen this i not possible it can 
be injected into the discharge line under pressure. Pressur_e 
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sprayer eq u i pm ent may be used [or t h is purpose. By choosing 
a t ime near the end of the sprinkl ing period fol l owed by a short 
"washing off" period, the fol i age is not damaged and t h e  fer­
t i l izer is carr i ed down into t h e  soi l  for onl y a short d istance. 
Effic iency in the use of mater i a l  should be greater than when 
app l ied in a surface stream beca u se of. better accuracy in t h e  
cal cu l a ti ons and no loss i n  runoff. Because the ra t e  and t i m i ng 
of the appl ica t i on is i m portant, the work is usua l l y  done by 
agents supplyi ng the fert i l izer. 

One ot h er advantage frequently point ed out i s  t h e  e l i m ina­
t ion of d i tches which often occ u py 5 percent of the l and surface. 
W i th t h e  e l i m ina t ion of d i tches a considerab l e  red uction of 
weed nu isance i s  a l so e ffected. 

Wind Interference 

Probab l y  t h e  grea test d isadvantage in sprink l ing f ie ld crops 
is the pattern d i sturbance by w i nd. Shou l d  the w ind b l o w  l ongi­
tud inal l y  w i th the l a tera l ,  t h e  d iameter of spread i s  reduced and 
the ra te of prec i p i t a t ion on t h e  wetted area is increased. IF t h e  
·wind b l ows from the side, t h e  precipi t a tion i s  concentra ted a l ong 
t h e  l a teral .  T h e  first s i t u a tion can be corrected by red ucing the 
d i stance between l ateral sett i ngs. In the second case, i m proved 

Figure I.-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 
preader nozzle with a plug-. These modifications of ourse detract 

from Lhe sati faction ordinarily experienced in the operation of 
a system. lso lateral lip s should not be continuously set in the 
same location but offset on succeeding irrigations. This will help 
to spread the water more ttniformly during the season. 

Pipe Setting 

Aluminum pipe in 20-Eoot length without fittings weigh 10, 
15, 20, 25 and 30 pounds for the 2, 3, 4, 5 and 6-inch sizes. Those 
below the 6-inch size are usually carried 2 lengths at a time and 
a 10-year old boy can manage the 2-inch size. However there is 
considerable amount of walking to do in chano·ing lines and 
high boots are necessary if one wishes to be protected from wet 
foliage. ·with some soils, extra line are employed to allow the 
ground to firm somewhat before a line is moved. Rubber sur­
Faced gloves are usually necessary to protect the hands from con­
tinued wetting and from pipes that have become quite hot hom 

un exposure when empty. Carts or trucks are nece sary on long 
moves and orne delay rna occur when vehicles cannot be driven 
into a field for pick-up. orne trouble can be expected should 
it be required to move pipe at night. Con iderable difficulty 
may be experienced in tall crops. such as corn, when the sprinklers 
are set on long risers and must be supported. small amount 
of crop damage no doubt occurs from tepping on plants during 
moving operations. 

Trouble with Sprinklers 

Nearly all operators have experienced some trouble with 
sprinklers that fail to re olve or with a nozzle that has become 
plugged. Failure to r vol e may be caused by foreign material 
in th bearing, the bearing being worn or mo t lik ly a partially 
plugged range nozzle. ot only can debris enter the pipe through 
the pump when the water supply comes from a ditch but also 
as the pipe lines are being put together. The former can be 
corrected only by screening. The latter can be controlled by 
being careful and by Rushing the line prior to starting sprinkling 
operations. Some operators allow a small amount of water to 
Row through the line as it is put together thus Rushing it out 
as it is laid. 

Diseases 

Plant pathologists as yet are uncertain as to whether or not 
the incidence of eli ea e is increa eel under sprinkling. Many 
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d i seases deve l op and spread more rapid l y  in a high h u m i d ity , a 
con d i t ion that a t tends sprink l ing. Exper ience in Col orado is too 
limi ted to determ i n e  w h e t her a im i l a r  situa t i on under our c l i ­
rna t ic conditions m ight arise. B o t h  ear l y  and l a t e  bl ight have 
been observed i n  pota toes but i n  each case the usual  control 
d u sti ngs may have stopped the spread as no damage occ u rred . 
Bean bl ight bas a l so been observed b u t  it ha s not been determined 
w h ether or not it was any worse under spri n k l ing t ha n  w i t h  s u r­
Face irriga tion . It is known t h a t  freq uent showers with wind 
spread b l igh t .  F ungus d i seases in orchards have been feared b u t  
n o  pos i t ive evidence o f  i ncrease i n  their i ncidence t h u s  fa r h as 
been observed in Col orado or, accord i n g  to report s, on a pples 
in vVash i ngton . I t  wou l d  appear sensible, h owever, t h a t  users 
of spr i n k lers be part i c u l a r l y  a lert for the a ppea rance of t h ese 
d i seases w h en those crops norm a l l y  a ffected a re grown. 

Sprinkling versus Natural Rain 
The idea t h a t  spri n k ling is l i ke nat u ra l  ra i n  needs f u rt her 

study and i nvest igat ion under the cond i t ions prevail i n g  in the 
high arie l  p lains and foot h i l l  areas of Colorado. Rain a l most 
a l ways occ urs under effect ive cloud cover and w i th tem peratures 
less tha n maxi m u m .  Since irrigat ion water m u st genera l l y  be 
used Fu l l  time, day and n ig h t ,  w h en i t  is  avail a ble, m uch sprin k ­
ling m u st be clone u nder bright sunsh ine w i t h  tem peratures often 
at 1 00 ° F .  or more. The e ffects of th ese cond it i ons on the fol iage , 
disease and in sect development and t h e  react ion of the soil t o  
overhead i rriga t ion needs to b e  m uch bet ter understood. Night­
t ime spr i n k ling provides a cl ose a pprox ima tion to nat u ra l  ra i n  
and is, undo u b ted l y ,  a sol u t ion to part of the prob lem. N igh t 
irrigat ion a l so saves water t hrough decreased eva pora tion. 

Variable Water Supply 
T h e  n a t u re of a water supply may prove to be a considera b l e  

d i ffic u l t y  t o  a sprinkler  user. ·wi t h  surface irrigat ion u ncler a 
ca nal  wa ter s u pp l y ,  a sl ight l y  variable Aow is usua l l y of l i t t l e  
consequence. H owever t h e o u t p u t  from a sprink l er i s  fixed and 
h ence t h ere w i l l  be t i mes when some water w i l l  h ave to be by­
passed and appl ied i n  fu rrows el sewhere. During t h e  spring r u n­
o ff ,  a m uc h  larger flow is avai lable  to a user than l a ter w h en 
stream flow drops or reservoir w a ter is being used. T h e  spring 
Rows a l so carry m ore sed i m ent w h ich unl ess removed , w i l l  i n­
crease the rate of wear on sprin k l er h eads. Th ese cond i t i ons m ust 
be ta ken into account by t h e  farmer. The o u t p u t  !'rom a wel l 
f i t s  t h e  cond i tions of a sprinkl er sy tem b u t  unl ess t h e  Row is con­
fi ned to a pipe line, there will a l so be som e d i ffic u l t y  enco u n t ered 
in obtai ning a ba l anced Row. 
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Portable Sprinkler Systems 

O n l y  two m ain t y pes of porta b l e  systems for f ie ld and 
orchard i rr iga t i on wil l  be considered. One employs pipe con­
ta i ning sma l l  dri l l ed holes a l ong t h e  top. The pressu re req uired 
is l ow,  from fi to 1 5  
pounds per sq u a re i nch 
and t h e  rate of appl ica-
t ion ranges from l t o  2 
inc h es. depth of water per 
h o u r. T h e  other system 
uses rota t i ng spri n k l ers 
wit h  e i t h er one or t wo 
nozzles. The a v e r a g e 
pressure req uired is in 
excess of 20 pou nels , usu­
a l l y  a bo u t  !30 pounds, 
and may be as h igh as 50 
pounds. The rate of a p­
p l i ca t ion is determi.ned 
by nozzl e  s izes, pressu re, 
a nd sprin k l er spacing. 

Tubing 

A por t a ble sprin k l er 
system consists prima ri I y 
of eit h er galvan ized st eel Figure 2.-Perforated pipe type of sprinkler. 

or a l umin u m  t u bing in 
sizes 2 to 8 i nches in d ia m e ter and i n  1 0 , 20 a n d  30-foot l engths  
together with  t h e  necessary fi t tings. A l u min u m  t u bing i s  standard 
t h rough o u t  t h e  ind u stry b u t  t h e  f i t t i ngs a re designed by the 
various m a n u fact u rers and may not be i n terc h angea b l e .  The fi t­
tings may be fabricated in part from t u bing or t h ey may be cast­
i ngs. I n  a l l  cases t h ey a re designed to be q u ic k l y  coupled toge t h er 
a n d  t h e  joi n ts made nearly water t igh t by ru b ber gasket t h a t  
depend f o r  t h eir t igh t n ess u pon a pressure of a b o u t  5 pounds 
per sq u a re inch . Jo ints  perm i t  suffic ien t angular  m ovement  so 
t h a t  p i pe lines can be l a id a rou nd obstructions and over rough 
gro u n d .  H owever, t h ese joi n t s  m ust not exceed certain l i m i ts 
of a ng u l a ri t y  t h a t  prevent t h e  l i ft ing of two 20-foot p i pe l engths 
shoulder high at a joint and stil l c l ear l ow-h eigh t crops at  t h e  
ends w h e n  b e i n g  m oved. A pipe f i t t ing shou l d  be made in such 
fashion t ha t  the operator can make or u n make the con nect ion 
a t  a dista nce of 20 feet by rotating the pipe . F u rt h er ,  provision 
s h o u l d  be made for l oc king it aga i n st rot a t ion in wh ich case it 
may be necessary to go to t h e joint  [or u n l ocking. Bases on 
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fittings shou l d  be sufficiently  wide to su pport a rota t ing sprinkler 
on a short riser w i t h o u t  tippi ng. Tri pod supports are a va i l able  
for l ong risers. Greatest tro u b l e  arises w i t h  2 - i nch p i pe b u t  by 
l a y i n g  on a sl igh t l y  zig-zag l i ne t his d ifficu l ty is  hel ped somewhat.  

Perforated Pipe - Rotating Sprinkler 

W i t h  perforated p i pe the pattern is recta ngu l ar a n d  no a p­
precia ble overlap is needed and pl a n ning i s  cons idera b l y  s i m p l i ­
fied t hereby. R o t a ting spr i n k l ers d istrib u te t h e  wa ter i n  a c ircl e  

lzPd±f tfj fFJ,f�� 
50 40 30 20 10 0 10 20 30 40 50 i 

Cross-section of sprinkler pattern 

0 <D 

Figure 3.-Sprinklers spaced 40 [eeL 
along laterals which are 60 feet aparL 
The ci•-cles indicate the spread of the 
spray from the individual sprinklers. The 
overlapping results in fait- uniformity of 
depth of application as shown by the 
figures within the squares. The pauern 
of distribution from one sprinkler is 
shown at the top. 

in vary ing concen tra tions 
from t he center to the peri ­
meter. To obta i n  u n i form­
ity  i t  is necessary to design 
a system of circl es t ha t  over­
l a p  to t he req uired extent. 
(See f igure 3). The de­

s igner m ust take in to con­
sideration spr i n k ler type, 
pressure a n d  n ozzle ize i n  
order 'to decide o n  pri n k l er 
spacing a l ong the l a tera l 
(spri n k ler) l ine and the 

distance between l a tera ls.  

The layout o f  piping 
and the l ocation of the 
pump m ust be such as to 
provide efficien t  operat ion 
w i th the greatest economy 
in ca p i ta l  cost. Pipe sizes 
m u st be ch osen consisten t 
with perm i ssib le friction 
l oss. The movement of the 

o u t  i n  deta i l .  The n u m ber of 
the farm l a bor program .  

l a tera l s  m ust be t h ough t 
moves per day m ust  fi t i n  ' i t h  

The Pump 

The p u m p  wil l be of t h e  h orizo n t a l  cen trifuga l type a n d  
m ust b e  chosen to del i ver t h e  correct amou n t  of water at  t h e  
desired pressure. S ince h igh effic iency i n  performance i s  most  
desirable, a pump bei n g  u sed for other p u rposes is u n l i ke l y  to 
fit the strict demands of a spr i n k l er syste m .  Since the designer 
is often t h e  sa l esman for a system, i t  is i m porta n t  to deal on l y  
w i t h  com peten t ,  experienced, and rel i a b l e  agents. 
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Water Supply 

Wa t er may be obtain ed from we l l s, ditc h es or ponds. Water 
from a wel l can be pum ped d i rect l y  in to the p i pe l ines b u t  
w a ter from ditches and ponds m ust b e  screened to rem ove debris 
or m oss which m ight cause n ozzl e  c l oggi ng. Trash a ffects t h e  two 
kinds of systems in d ifferen t man ners. Tiny hard particl es may 
clog the m a l l  perfora t ions that w i l l eas i l y  pass t h ro ugh nozzles, 
b u t  stems and parts of l eaves tha t catch in· nozz l es gather at the 
end of a perforated p i pe l ine and a re eas i l y  Rushed o u t  by open­
ing a va lve .  F ine sand t h a t  practica l l y Aoa ts in the water even 
a t  low velocities can be q uite ha rm ful to rotat i n g  sprin k l ers. 
Coarse sa nd should he rrapped in set t l ing basins.  

Pumping Stations 

Unl ess t h ere is a cen t ra l  pumping sta tion , i t  is desira b l e  to 
provide sem i-permanent  pumping stations a l ong a ditch. H such 
a p l a n  is fol l owed, b e t ter screening devices can be b u i l t  t h a n  
t h ose req uiring porta b l e  con struction . If t h e  e n t i re water supply 
i s  drawn through a beadgate from a main d i tch to a cen tra l p l a nt , 
a perm a n e n t  concrete struct u re can be buil t con taining screens 

Figure 4.-A permanent pumping station. Because the gate opening is 
submerged, sudace debris is carried of.£ through the by-pass channel on the 
right. The three tilted sn·eens, 1, 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 differe n t  sizes of open i ngs_ A structu re of this char­
acter is shown in figure 4. The screens sho u l d  be a m p l e  i n  a rea 
to avoid the n ecessi ty o f  freq uent cleaning. Sc reen s  requiring 
c l ea n ing more than three times dai ly ,  become q u ite a n u i sa nce. 
A surface baff l e  board in Front of the screens hel ps to skim off 
l a rge floating m a teria l .  H a box is b u i l t  to serve as a sedi m e n t  
trap, the des ign sho u l d  b e  such tha t the vel oc i ty ot the i ncom ing 
wa ter wil l be l ow to avoid t u r b u l ence. In  the construction of 
such a box, a drai n-oi.tt  suf ficien t l y l a rge sho u l d  be provided for 

Figure 5. - I>m-table electric - powered 
pumping unit. Surplus water flows over 
horizontal screen. The suction hose enters 
from the  t op. Better design would be a side 
entrance to avoid a high spot objectionable 
in suction pipes. 

f l u shing o u t  acc u m u l a ted 
sed i ment .  The p u m p 
should be pl aced l ow 
enough so that i t  w i l l  be 
sel f-pri ming. To guard 
aga i n st a water - supply 
Fail u re a Hoa t  operated 
device should be insta l l ­
ed tha t wil l open a switch 
in the eng-ine ign i tion 
circuit or i n terru pt the 
c u rren t  in case of e lectric 
motor drive. Com plete 
Hoat operated devices are 
avai lable  For e lectric m o-
t ors tha t wil l not on l y  
stop b u t  a l so start them 
when the water supply 
ret u rns to norm a l . I n  
sm a l l  supply d i tches one 
might be perm i tted to i n­

sta l l  screens in [ront of the diversion gate a nd water cou l d  be led 
d i rect l y  to the pump. I n  such a case a l l  the usual  sand and sed i­
m e n t  which is  not desira b l e  would be discharged through the 
system. 

Sho u l d  the supply be drawn from a farm l a teral in which 
there is a surpl us ol '  w a ter, the surpl us can be u ti l ized to carry 
off m uch of the f loating debris in various ways. Figures 5 a n d  6 
ind ica te methods that may be em ployed. The im porta n t  thing 
is a screen of a m p l e  a rea. It is  desira ble to pl ace the p u m p  
i n let some 1 0  o r  1 5  feet u pst ream from the control gate or dam 
which provides a pond on which trash can col l ect. IE the pump 
is  self priming and water is  drawn in excess of the supply  
m omen taril y ,  n o  damage is  l ike ly  to occ u r  b u t  air  w i l l  enter the 
system, ca using some wa ter hammer. 
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Pumping Plan t 
l n  a few instances i t  may be possible to u t ilize t he slope or 

the land to provide the necessary operating pressure.  J n  such 
cases a pipe size is chosen such t h<! t a fter friction losses are de­
ducted, there will be suff icient residual pressure for efficien t opera­
tion. For a new develop­
ment, wherein a well is 
the water source, a t ur­
bine or centrifugal pump 
can be installed that will 
both lift the water to the 
ground surface and pro­
vide the necessary pres­
sure t hrough pipe lines. 

Portable
. 

Pumping Plant 
\Vhen pumpin g  from 

ditches a portable pump­
ing plant is required. A n  
electric motor is portable 
to a certain exten t but 
the gasoline engine is the 
usual so urce or such 
power. Certainly e l ectric 
operat ion is to be pre­
ferr·ed, especially in night 
operat ion , and depend­
ing on the situatio n ,  
plans may be worked o u t  
for locatin g  a motor­
driven pump along a 
spur service line. Con­
sultation with officials of 
a power utility on such 
plans is recommended. 

Motors 
In the selection of 

an elect ric motor above � 
horsepower in size, the 
3-phase induction type is 

Figure 6.  - Portable electric - powet·ed 
pumping plant. '.Vater flows through a sin­
gle longiwdinal screen and is drawn off 
[rom sump at le[t. Excess water passes on 
carrying most of the floating debris. This 
screen required frequent cleaning because 
of low capacity. 

much to be preferred because it is more efficient and less costly. 
Three-phase current is ·not always available and it sometimes be­
comes n ecessary to install larger single-phase motors. Power com­
panies, however, frequen t l y  I im it t heir size to 7 V2 horsepower. 

ir-cooled gasoline engines are desirable from t he standpoint of 
t heir weight and cost b u t  it  is importan t that t hey be not operat ed 
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a t  f u l l  l oad on such con tin uous serv ice. Engines from other farm 
equ i pment such as those used on sprayers may be found usa b l e  as 
a power source. A u tomobile engines are genera l l y  of a size so 
grea t l y  i n  excess of the power req u i rements of the usual  m a l l 
system that thei r  fuel economy wou l d  be Fou n d  l ow .  

Porta ble  p u m ps a re excl usivel y of the cen t ri fuga l  type o n  
spr i n k ler systems as they meet the necessary cond i t ions of pres­
s u re a n d  capac i ty w i th min i m u m  cost. These p u m ps are sensit ive 
to speed changes which, in the case of engine drive, may he ad­
van tageous. H owever, changing of the p u m p i ng condit ions 
may affect the efficiency u n favora b l y. S i nce a n  electric m otor 
opera tes at consta n t  speed it i s  i m porta n t  tha t the pump per­
formance be cl ose l y  ad j usted to the req u i remen ts o[ the spr i n k ler 
system. The p u m p  m u st t herefore be chosen with care and for 
best sa t i sfact i on furnished by the vendor of the sprin k l i p g  eq u i p­
ment.  I n  the even t ,  the n ,  that perf'ormance of the system proves 
u n sa t i sfactory , there is no div ided responsi b i l i t y. 

I nsta l l a t i ons invol v i ng portable  pu m ps a re shown in f igures 
5,  6 a n d  9. They can be mounted on sk ids, two-wheeled carts or 
sma l l  wagons. A r u b ber hose is used both on the suct ion side 
and to con nect to the m a i n  feeder line. 

Figure 7.-Types of sprink­
lers used on field crops. 

Rotating Sprinklers 
The two k i nd s  of rotat ing 

spr i n k lers in use in Col orado a t  
present  a re shown i n  f igu res 7 
and 8. Those in f igure 7 a re 
ord i nari l y  used on f ield crops. 
Those i n  figure 8 a re ord i nari l y  
used i n  orchards a n d  have b u t  
one nozzle. They each are de­
s igned with rep l acea ble  nozzles 
so that cha nges from one size 
boring to a nother can be m ade 
easi l y. The m a n u fact u rers pro­
v ide two angles of jets for the i r  
orchard sprink l ers, 7 °  a n d  20° 
(ma n u fact u rers' d e s i g n a t i o n ) . 

The 7 °  jet is i n tended to m iss 
a l l  b u t  the low-ha nging branches 
in the orchards. 

Pattern of Discharge 
A mound or a rc-sha peel 

cross-sectional  pa ttern of d i s­
cha rge hom a single spr i n k ler 
head is de irable. Pressure a n d  
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size o (  n ozzle i n f l uence t he sha pe and d iam eter o f  the pattern. 
The mound shape is desi red because in the necessary overlapping 
of ci rcl es, the pa rt s receiving J ess than average from a n y  one 
spr i n k l er a re rein forced by w a ter from a n  ad jacen t spr i n k l er. 
The com plete pictu re of coverage is a com plica ted system of 
c i rcles b u t  t he idea is imply  i l l ustra ted in fi gure ;{_ The resu l t  

is n o t  a bsol u te l y  u n i form even u n der 
ideal con d i tions. I t  is not o n l y  i n fl uenced 
by the performa nce of the spr i n k l er head 
b u t  considera b l y  by the spacing and 
press u re .  

The pa ttern of a sprin k l er is bad l y  
distorted by wind a n d  a l so b y  t ree in ter­
ference. 'vVhen these factors a re present,  

uniform i ty d rops m ateria l l y .  I t  
is  desira b l e  thereFore tha t  i n  
ore l l a  rds using orchard-type n oz-

Figure 8-0rchard types or 
sprinklers. 

z l es that t he sprin k l er spacing 
a l ong the I i n e  be not more than 
20 feet and the l ines not m ore 
tha n 2 t ree-rows a pa rt . Further, 
a l ternating the pos i t ion of the 
I ine on successi ve irrigations 
w i l l  im prove the average d istri­
b u t ion for the seaso n .  

Design of System 

Factors to Consider 

Spri n k ler  system design is a step- by-step process req t u n ng 
both sk i l l  and experience. I t  is an engineer i ng problem not to 
be a tt em p ted by the inexperienced if  satisfactory performa nce a t  
m i n im um cost i s  to be expecte\1 . The designer m ust ta ke i n t o  
accou n t  the cha rac ter and water  dem a n d  o f  the crops, the wa ter 
recepti veness of the so i l ,  the ca pac i t y  of the soil to ho ld w a ter, 
work program of t he farmer, the source of water a nd the shape 
and topography of the a rea to be i rrigated . '\V i t h  these things 
in m i n d  he determines t he rate of appl ica tion, the d i scharge per 
i n divid u a l  prin k l er,  spacing of sprin k l ers, t he sizes and len gths 
of the various pipe secLions and the pum p charac t er i s tics. 

Crop Demands 

The exact u se of wa ter by crops varies considera b l e  according 
to their v igor and charact er. Experience ha s show n  tha t  a gross 



16 CoLORADO r\ & i\1 CoLLEGE Bullet in  405-A 

amou n t  eq u i va l e n t  to a flow of 5 ga l l ons per m i n u t e  per acre 
shou ld be a m i n i m u m  va l ue.  F l ow s  up to 1 0  ga l l on s  per m i n ut e  
per acre a re n o t  un com m on . T h e  n e t  use o f  w a ter by crops 
d u ring t h e  period of m a x i m u m  demand appears to be between 
G and 9 i nches per mon t h  or 0 . 20 to 0 . 30 inch per day. The 
grea t est demand i s  by a l fa l fa and fu l l -grown orchard with  a 
cover crop. 

Soil Characteristics 

Soi l s  h a ve varying capau u es accord ing to t h e i r  t ex t u re, for 
h o l d i n g  water · ava i la bl e to a p la n t .  T h e  sa ndy, coarse-tex t u red 
soi l s  may hold on l y  % inch per foot of depth w h i l e  s i l t  loams 
may hold as m uch as 2 i nc h es. Therdore sh o u l d  p l a n t -a va i l a b l e  
moist u re b e  desi red i n  t h e fi rst 3 feet of soi l  col u m n ,  t h e n  i n  t h e  
fi rst case rough l y  o n l y  1 y� i nc h es need b e  appl ied i n  o n e  i rriga­
tion and 6 i nc h es i n  the second case.  H t h e  rate of use be 0 . 20 
i n ch per day,  t h e  i t; terva l between irriga t ions would be a pprox i ­
mately 8 and 3 0  days respect ively .  The ra t e  of appl ica t ion i s  
l i m i ted by t h e  soi l  t y p e  and cover. N ea rl y  a l l  sa ndy l oa m  soi l s  
w i l l  a bsorb w a t e r  a t  t h e  ra t e  of % inch per h ou r, . sandy soi l s  
more, a n d  h eavy soi l s  l ess. ·w h en covered by a lf a l f a  o r  a s  i n  a 
past u re ,  t h e  rate may be h igh er. I t  is esse n t i a l  t h a t  w a ter be 
a ppl ied on l y  as fast as t h e  soi l w i l l  a bsorb it .  IE appl i ed at a faster 
rate resu l t i n g. in r u n off, t h e soi l  may become pudd l ed and both 
water a n d  power w i l l  be wasted. 

The Farm Labor Problem 

T h e  farm er, w h en ac( j ua i n ted w i t h  t h e  problem a'nd h a v i n g  
a def in i t e  program i n  m i nd,  w i l l  proba b l y  determ i n e  for t h e  de­
signer how o[ten he w i shes to move spri n k ler  l i n es. ''Vi t l t  a n  
1 1 -hour sch ed u l e  a n d  con t i n uous opera t i on,  p i pe w i l l  b e  moved 
m orn ing and n ig h t  a l lowing I hour for movi ng. T h is is very 
conven i e n t  in con nec t ion w i t h  free t i m e  for other fa rm d u t i es. 
F i ve-hour sets requ ire a t  least  01ie set be ing m ade a t  n igh t w h ich 
i s  not con veni e n t  and is o(ten o m i tted . O t h er t ime i n terval s  
m igh t b e  con si dered accord i ng to t h e  l a bor s i tu a tion o r  depth 
of appl ica t ion desired. From observat ion of t h e  opera t i on of  a 
considera b l e  n u m ber of Col orado u sers i t  would appear t ha t  a 
m a x i m u m  i rr igat ion i n  l l  h o u rs meets w i t h  grea t est approv a l . 
H owever, many use 7 -hour and some use 23-hour sc h ed u l es. A 
5-inch water appl ica t ion can proba b l y  be cons idered max i m u m  
for a spr i n k l er system .  For m a n y  purposes a s  i n  sta rt ing germ i na­
t i on of seedi ngs, l esser q uan t i t i es w o u l d  be de i red . I n  such cases 
the t i me cou l d  be h a l v ed or some other proport ion used . 
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Evaporation Losses 

Th ere are certain l osses tha t occ ur in sprin k ling that  m ust 
be taken in to accou n t .  The principa l one is evapora tion from 
the wa ter jets in the air and from t he soil surface and wetted crop 
foliage. Evaporation has been show n by Chri tiansen '  to be on 
t he order of 2 percen t providing t he spray rem ains in t h e  form 
of drops. Shou l d  it be broken up into mist by too high pres ure 
or win d ,  t h e  l oss is great er. Eva pora tion from wetted fol iage and 
soil surface is  a m uch l arger i t em beca use t he exposed surface is 
extensive and the longer the ex posme the greater t h e  l oss. These 
l osses vary con sidera bly  and are a l m os t  im possible of determina­
tion but are estima ted to be between 1 5  and 30 percen t .  The 

ystem capacity m ust be designed t o  inc l ude such l osses. 

Friction Loss in Pipes 

The choice of pipe size is based u pon t h e  l oss in pressure 
beca use or friction . Each sprin k l er ta kes off some water and 
therefore friction decreases a l ong the l ine .  \Vhen t h e rriction 
factor reaches a suff icien t l y  low val ue, pipe size can be red uced . 
\tVhen t h e  h ydra u l ics of t h e  line have been worked o u t ,  it m ust 
meet t h e  test of not having a pressure drop exceeding 20 percen t  
of t h e  pressure a t  the first sprin k l er.  This i s  n ecessary to in sure 
reasona b l e  u n iformity of sprin k l er discharge. 

Use in Orchards 

I n  orchard sprin k l ing, long nozz l e  ra nge is n o t  feasi b l e  h ence 
sprin k l er spacing is m uch less. The usual  spacing a l ong the 
l a tera l is 20 feet and the dista1 1ce between l a t era l s  is governed 
by tree spacing w h ich varies from 1 8  feet for peaches to �0 a n d  
40 feet for cherries a,nd appl es. T h us l a tera l spacing may be 
20, 30 or 40 feet as t h e  case m ight be.  Ca l c u l a tions on system 
design then m ust be based on t hese conditions. Since tree in t er­
ference is a l ways presen t  in an orchard, u niform seasonal  d e p th 
of irriga tion where l atera l s  are p l aced in a l ternate rows, can be 
obtained by p l acing t h e  pipe in t h e  in-between rows on successive 
irrigations. 

Pump Selection. 
I n  t h e  selection of a pump t h e  t wo condition s o[ pressure and 

disch arge of the sprin k l er system m u st be m e t  within reasona b l y  
c lose l imits.  I t  wou l d  b e  most u n usual  to f ind a pum p t h a t  wou l d  
exact l y  fi t these conditions hence i t  becomes necessary to m a k e  
some s l igh t compromise bet ween the two req uirem e n t s. T o  avoid 
a n y  considera b l e  varia tion and since no one line of pumps is 

1 J. F.. Christ iansen. I rrigat ion by Sprink l i ng. Bul .  670, n i .  or Cal i f. 
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l i kely to f i t  a l l  s i t u a t ions,  t h e  designer needs t o  h ave severa l l i nes 
to sel ec t  from . I t  i s  sel dom t h a t  a d i scarded or secon d-hand p u m p  
w i l l  fi t t b e  n eeds o f  a spr i n kler system.  T h e i r  characterist ics a re 
genera l l y  u n k nown and si nce efficiency is so i m port a nt , i t  i s  
u n w i  e to g i v e  them any con sidera t ion.  Many p u m p i n g  u n i ts 
a re a va i l a b l e  i n  one package, t h a t  is ,  t h e  engi n e  a n d  p u m p  are 
com b i n ed as a u n i t .  O t h ers h ave to be assem b l ed on a founda­
t i on frame.  

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

If not pu m p i ng i n to a pressure m a i n ,  req u i r ing t h a t  water 
be p u m ped from various places a l ong a n  open d i tc h ,  a porta b l e  
pumping u n i t  w i l l  b e  req u i red . S i nce i n  nearly a l l  cases a sump 
a n d  screens w i l l  be necessary, i t  w i l l  prove advan tageous to serve 
severa l set t i ngs of a la tera l ,  usua l l y a m i n i m u m  of t h ree, hom one 
pumping stat ion .  T h i s w i l l  req u i re from 40 to 60 feet add i t ional  
p i pe and som e fi t t i ngs. 

Costs 

Original Cost 

T h e  origi nal  cost is i n A u enced by a n u m ber of factors some 
of w h ich a re f ixed, oth ers a ma t t er of design . I rriga t ion o f  l ong 
narrow or i rregu lar  a reas req u i re more p i pe than com pact sq uare 
a reas. Permanent  m a i n s  eq u i pped w i t h  val ves in r isers 1v i l l  i n ­
crease t h e  fi rst  cost b u t  save o n  w a ter and l a bor. H igh rates o f  
appl ication w i l l  req u i re l a rger pipe b u t  m a y  reduce t h e  n u m ber 
of spri n k l er l i nes t h us mak i ng a sav i n g. Li o·h t appl ica t i on s, such 
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as m igh t b e  given gra i n ,  perm i t  more a rea to b e  covered w i t h  a 
g i ven a m o u n t  of eq u i pm en t .  T h e  p u m p i n g  u n i t  w i l l  vary i n  
cost accord ing t o  i t  ch aract er. T h ere i s  t h erefore a con sidera b l e  
ra nge i n  t h e  cost per acre. O f  25 syst ems i n  est i ga t ed i n  1 94 8  
t h e  l owest cost per acre wa fou n d  to be ·. 2 5  and t h e  h ighest 
, 1 50. The average was ··73 per acre. 

Operating Costs 

B y  mak i ng cert a i n  a umpt ions one can com p u t e  t h e  cost of 
o pera t i n g  a power u n i t .  ume t ha t  a depth of 1 i nche of 
w a ter is to be appl i ed by p u m p i ng aga i n  t a 36-pound t o t a l  h ead 
w i t h  an engi ne req u i r ing I p i n t  of gasol i n e  p<:>r h orsepower 
10ur a n d  a p u m p  h a v i n O' an efficiency of 70 percen t .  n cler t h ese 

cond i t ion 30.6 ga l l on of gasol i n e  per acre for t h e  eason \I'Ould 
be con sumed .  A t  I cent per ga l l on t h e  co t wou ld be · 5 . 5 1 .  
T h e  cost of  l u brica t i ng o i l  wou l d  h ave to be added t o  t h i  sum.  
H a n  e l ect ric motor w i t h  an efficiency of 80 percen t had been 
used, t h e  power consu m p t ion wou l d  have been 228 k i lowa t t  hours. 
At 2 cen t s  per k i l owatt hour t h e  cost wou l d  have been $4.56 per 
acre for t h e  eason.  Act ua l reports from u ser i nd icated con sump­
t i ons of a low a 1 8  ga l l on s  a n d  as h i O'h as 40 O'a l l on of gasol i ne 
per acre for t h e  season.  R e port from e l ec t r ical  users vari ed from 
2 0 1 to 400 k i l owatt  h o u r  per acre. T h ese d i fference were cl u e  
principa l l y  t o  d i fferences i n  t h e amou n t  o f  water appl i ed a l t h ough 
pump effic iency and pres u re h a ve dec ided e ffects  on power con-
u m pt i on.  

Labor co t can be rough l y  com pu ted on the ba is  of I man 
h o u r  req u i red to moYe �1.1 m i l e  of p i pe .  Many report t ha t  t h i s  

. i t em amo u n t s  t o  from J!2 t o  % man hour per acre.  


