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INTRODUCTION 

Sprinkling as a method of irrigation has been expanding rapidly in 

the United States, with acreages irrigated by this method increasing 

every year. One of the major reasons for the expansion is the great 

improvements that have been made in sprinkler irrigation equipment. 

Light weight aluminum pipe, Yli.th quick couplers, improved pump and motor 

efficiencies have all made sprinkler irrigation more desirable. High 

efficiency of water application, labor requirements, and favorable plant 

response have also favored the expansion. 

Another reason for the increase in sprinkler irrigation is that new 

lands being brought under irrigation are often not adaptable to surface 

irrigation. Farmers are turning to sprinkler irrigation on these lands 

that are not generally sui table to surface methods. Conditions not 

suitable for surface irrigation are rough rolling land which require 

heavy land leveling, steep slopes that cannot be irrigated safely 

because of erosion, highly permeable soils difficult to irrigate 

efficiently by surface methods, and shallow soils that cannot be safely 

leveledo 

There are s till many questions to be answered concerning the design 

and operation of sprinkler systems as a result of this rapid expansion; 

the purpose of the study reported herewith is to supply some of these 

answers. Features of sprinkler irrigation studies in this investigation 

are, distribution and application efficiencies, water losses, labor 

requirements, and general design characteristics of the system. 
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Many farmers do not attain the maximum benefit from their sprinkler 

irrigation systems. ::>ome systems nere never designed properly . In other 

cases the farmer uses the SIJStem in a much different way t nan t:1at for 

which the system was designed. This report contains factual aata which 

shows the preceding stat&nent to be true for a great many systems in the 

area studied. 

Objectives of study 

There are five main objectives t o this investigation: 

1. Determination of the effect of ivind , operating pressures, and 

spacing of sprinklers and laterals on water distribution. 

2. lnfluence of temperature and r elative humi dity on water losses 

between the spriiLI{ler nozzles and that stored in soil. 

3. Determination of application ef~iciencies from the distribution 

efficiencies and ·water losses, and development or an average value which 

it might be expected ur~er Northern Utah conditions. 

4. To obtain labor requirements of sprinkler irrigation systems 

in l~orthern Utaho 

5. To check and evaluate the design of each individual system 

with respect to lateral efficiency, mininium irrigation frequency and 

length of set. 

Definition of t erms 

Vlater losses. T'ne water losses are equal to the average deptn of 

application as calculated from the discharge of the sprinklers on each 

side of t he gaging and minus the average depth of water reaching the 

grom1d, as measured in the cans, expressed as a percent. 

:Jinimum dept !! . T'ne average in tne 25 percent of the cans receiving 

the l east adj usted water depths. 



Distribution efficiency. The average minimum depth of catch 

divided by the average depth of catch, expressed as a percent . 

Appl ication efficiency. The average minimum depth of catch 

(25 percent of area) divided by the average depth as discharged from 

the sprinkler nozzles adjacent to the gaging area, expressed as a 

percent. 

Consumptive Use. The sum of the volumes of water used by the 

vegetative growth of a given area in transpiration and building of 

plant tissue and that evaporated from the adjacent soil, snow, or 

intercepted precipitation on the area in any specified time divided by 

the given area, expressed as acre- inches per day. 

Wilting point . The soil moisture level in percent of oven-dry 

weight of the soil at which plants permanently wilt . 

Field capacity. The upper limit of soil moisture that is avail-

able to the plant . 

Readily available water holding capacity. In this report 75 

percent of the total available water between field capacity and wilting 

point is considered as readily available to the plants . 

Minimum frequency. The readily available Vlater holding capacity 

of the root zone divided by the maximum daily consumptive use. 

Test area. The area bounded by adjacent sprinklers along a 

lateral and extending out at right angles as far as the water is thrm·m. 

The gage cans are placed symetrically within this area. 

Reviev.· of literature · . · 

At Utah State Agricultural College in 1953, Fuhr:L11an (5) made 

sprinkler studies similar t o those herein reported. His work concen-

trated mainly on labor time and motion studies connected with this 
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method of irrigation. The r esults show that labor requirements under 

Utah condi tions was much less of a problem than originally anticipated . 

'fnese requireme:1ts were low, ranging from a05 t o .32 man-hours per 

acre-inch of water a pplied . 

Dusenberry (4) reporting on 53 systems in },iontana showed a labor 

requirement of o 75 man- :1ours per acre-inch of vfater applied to hay and 

grain and l.l man- hours per acre-inch to row crops. 

Becker (l) reported an average labor cost of o59 man- hours per 

acre-inch of water applied by sprinkling in 1950 in the \'.'illa"lette 

Valley, Oregon. Tne average time per setting ·was 7.5 hours . 

Christiansen (2) in 1 942 carried out extensive studies on 
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sprinkler irrigation equipment. His report thoroughly covered hydraulic 

design. This work is used largely as the basis for s prinkler design 

today. 

Christiansen 's report also includes data on labor costs , distri

bution uniformity, and evaporati on losses. His l abor cost studies on 

37 farms in Sacrament o Valley, California, s howed a rane;e from l.O to 

3. 7 man- hours per acre-incn of 'Nat er applied, \'lith an average of 1.5 

man- hours per acre-inch . The data he r eported on distribution unifon -:tity 

is too compr ehensive to include here, but it showed the adverse effec ts 

of inadequa te and excessive pressures, wind, non-uniform sprinkler 

rotation, and s prinkler spacir~ on the uniformity of distribution. !lis 

water losses varied from a minimum of less than 10 percent to a maxim~~ 

of 42 percent , but he concluded that the actual Yrater loss by evaporation 

from the spray did not exceed 2 ~ercent. 



EV J\LUA TION PROCEDURE 

Selection of farms 

Tests il·ere obtained on all available farms in northern Utah. !'lo . 

particular feature of the fana or the sprinkler system influenced the 

selection. Tests were c anpleted on 34 f arms. 

General procedure 

s 

To evaluate the systems under the objectives outlined in t he intro-

duction, required obtaining the follovling . 

1. The water application and distribution efficiency 

2. The available water holding capacity of the soil 

3. The operating procedure used by the farrner 

4o The operating characteristics of the system 

S. Climatic conditions 

6. An a nalysis of the data obtained 

Physical measurements 

Nozzle pr essure . Pressures were measured at the first and last 

sprinkler along t he lateral and at the s pr inklers adjacent to t he test 

section. The measurements were made at the nozzle tip wi t h a pit ot 

tube and a pressure gage . The pitot tube was inserted into the water 

jet issuing from t he noz zl es (figure :1;.), and the pressure gage read 

to the nearest pound per square i nch. 

The pressure gage used was tested with a dead weight gage t ester 

and was found to be accurate within one-half pound per square inch, 

within the range from 15 to 60 pounds per square inc h. 

Discharge. Discharge measurements wer e made volumetrically at 

the same sprinklers as wer e t he pressure mea surement s . Rubber hoses , 
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3/4-inch in diameter placed loosel y over the nozzles, directed t he water 

into a ten-t;allon can. A stop watch v;as used to measure t he time 

required to fill the can ( figure 2). 

In using this method of obtaining discharge, care must be taken 

in placing the hose over the nozzles . Placing a tight fitting hose 

over the nozzles forms an enlargement in the flow pat~ , which creates 

a low pressure area. Such a low pressure area will increase t he dis

charge to something greater tr..an normal. 

The accuracy of the znethod used in obtaining the discharge measure

ments as reported here were checked by installing a water rnetor in the 

line {fi gure 3), and checking t he discharge with the hoses, both off and 

on. 'I'cis test s howed that •·:ith the size and l ength of rubber hose used, 

3/L-inch by 6 feet, the error in discharge measurement was insibnificant. 

In ma.1<ing the chec k, a pressure gage was installed in the riser (figure 3) 

to determine if the discharge listed qy the manufacturer was based on 

nozzle-tip pressure or by a pres::;ure ~age installal in the riser. The 

results sho·wed that the published discharges were based on pressure 

measured in the riser. Thus the measured di s charge anJ calculated 

discharge, based on measured pressure using the pitot tube, do not check 

exactly. The pressure, as m.t:asureu with the pi tot tubfJ, is always 

slightly less than exi.sts in the riser. 

Distribution of application. Quart oil cans with the tops removed 

were distributed w1iforw.ly throu~hout the t est area, spaced 10 feet 

apart (figure 4). The cans were placed directly on the ground except 

where foliage would prevent an accurate catch. In fields of tall crops, 

the cans wer e attached to a stake v;ith an elastic band (figure 5). 



--- --
--

Fi gure lo ~1ethod of measuring nozzle pressure with a pressure gage, 
and pitot tube attachment 

Figure 2 . Met hod of ootairung nozzle discharge volumetrically, 
using 3/4-inch rubber hoses and a 10-gallon can 

1 



Figure J. Apparatus used to check t he volumetric met hod of 
meas~ing nozzle discharge . The fl ow line consists 
of a water meter, sprinkler riser with pr essure 
gage at t.achcd , and sprinklt>.r nozzl es . 

8 
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figure 5. Can supported above crop on stake 

Fi{;Ure 6. Hand ventilated psychrOii'leter used to measure 
rela tive lrumidi ty 
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The catch in the cans was measured with a graduated cylinder. Th:is 

method is much i'aster and more accurate than direct depth measurement 

with a ruler. The oil cans useq hold 195.5 cubic centimeters of water 

per inch of depth . T.he graduated cylinder could be read to the nearest 

5 cubic centimeters, which is equivalent to . 025- inch acc uracy . 

The sprinkler s were hel d at t he beginning and end of each test to 

prevent the spray from falling into the cans while the pressure and 

discharge measurements were being made and while the catch in t.'1e cans 

was being measured . 

Temperature. The temperature was measured at the beginning and end 

of each test and was read to the nearest degree Fahrenheita 

Humidity. The humidity was measured at the beginning and end of 

each test and was read to the nearest percent. A hand turbine ventilated 

psychrometer was used (figure 6). 

Soil samples . The soil was classified to a depth of 5 feet and 

the water holding capacity estL~ted by sight and feel . The soil was 

classified as light, medium, or heavy. It •·ras estimated as having an 

available water holding capacity of • 75 to 1.0 inch per foot of sandy 

soil and 2 . 0 inches per fcrot for bot h medium and heavy textured soil . 

Method of analysis 

Distribution efficiency. This is calculated from the average 

minimum and the average catch in the cans. 

The distribution efficiency is based on the total application on 

the test area, since t he catch in the cans was obtained from one lateral 

setting (figure h), it is ad justed to 31 ow the theoretical application 

from adjacent lateral settings. Referring to figures h and 7, this is 

done by adding together the catch from the cans with the same number. 

This method of obtaining the total application assumes that ~~e 
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distribution and the application remain the same for lateral settings 

B and C. 

A sample caJ:culation is shown here to illustrate the calculations. 

Example: 

Farm number 6 

Lateral spacing m 60 feet 

Sprinkler spacing • 40 feet 

Average catch in cans • total catch in inches • 
Number of cans 

21.84 • 0.91 inches 
24 

Average minimum catch • 

total catch in minimum 25 percent oi' cans in inches "' 

4.42 ~ 0.74 inches 
"""1) 

Distribution efficiency • average ~~nrum catch x 100 = 
average catch ' ' 

0.74 x 100 • tll.4 percent 
o:9l 

The complete data for all these tests are presented in table 1. 

Water loss. The total water loss is calculated fran the average 

discharge from the sprinklers adjacent to the test area and the average 

catch in the cans. 

Example: 

Farm number 6 

Average depth applied in test section = 96.4 x T x Q ~ inches 
s XL 

where 96.4 "' conversion factor 

T = time in hours 

Q = gallons per minute 

S = sprinkler spacing in feet 

L • lateral spacing in feet 
18&155 

c 
( 

r 
r 
r 

' f" 



Average depth applied in test area = 96.4 x 1 x 23.75 ""0.96 inches 
Lox 6o 

Average catch in cans • 0.91 inches 

Vfater loss • 0 . 96 - 0. 91 x 100 ., 5 percent 
o.96 

The compl ete data f or all of these tests are presented in table 1. 

Application efficiency. The application efficiency is dependent 

on the distribution efficiency and the water loss. It is calculated 

from the average minimum catch and the average discharge from the 

sprinklers adjacent to the test area. 

Example: 

Farm number 6 

Average minimum catch • 0.74 inches 

Average depth applied in test area - Oo96 inches 

Application efficiency • average minimum catch x 100 c 
average depth applied 

in test area 

Oo74 x 100 a 77 percent 
0:96 

The compl ete data for all of these tests are presented in table 1. 

Lateral distribution. Dbtribution of water along the lateral 

depends on the discharge from the first to last sprinkler along the 

line . A drop of 10 percent has become a standard figure for allowable 

decrease in discharge , as recommended by Christiansen (2). 

Example: 

Farm number 6 

Discharge at first sprinkler • 24.6 gallons per minute 

Discharge at last s prinkler • 20.3 gallons per minute 

Decrease in discharge ., 24.6 - 20.3 • 4o3 gallons per minute 

Decrease in discharge • 4.3 x 100 c 17.5 percent 
~ 
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The complete data for all of these tests are presented in table 2 . 

Labor costs. The total acre-inches of water applied by the 

sprinkler system each set was calculated from the average sprinkler dis-

charge, the number of sprinklers, and the length of set. The man-hours 

required to move the pipe was obtained from the farmer. 

Example: 

Farm number 6 

Discharge at first sprinkler • 24 .6 gallons per minute 

Discharge at last sprinkler • 20.3 gallons per minute 

Average sprinkler discharge z Q1 - 3/4 x (Ql - Q2) 

where Q1 .. discharge at first sprinkler in gallons per 

minute 

Q2 • discharge at last sprinkler in gallons per 

minute 

This empirical formula was developed by Christiansen (2). 

Average sprinkler .discharge = 24.6- .75 x (24.6- 20.3) ~ 

21.4 gallons per minute 

Number of sprinklers on 1 ateral • 26 

Total discharge • 26 x 21.4 • 556 gallons per minute 

Length of set used • 4 hours 

Total application = 556 X 4 e 4.96 acre-inches 
~ 

Labor required to move pipe • 1 man-hour 

Labor requirement ~ 1 • 0.20 man-hours per acre-inch 
~ 

The complete data for labor evaluation is presented in table 3. 

Minimum frequency arrl length of set. The l ength of set r equired to 

fill the root zone depends on the application rate and the available 

water holding capacity of the soil. The application rate was obtained 
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b,y finding the average sprinkler discharge and using an appli cation 

efficiency of 70 percent. The length of set required is equal to the 

readily available water holding capacity of t he root zone divided by 

the application rate. 

The minimum frequency depends on the readily available water-holding 

capacity of the root zone and the peak rate at whi ch water is used by 

the crop. In calculating the minimum frequency obtainable, it l'Tas 

assumed that the system operated 24 hours per day and that the root zone 

was filled. 

The root zones and peak consumptive use r ates used in this report 

are listed below. The peak consumptive use rates were obtained from a 

nomograph pr epared by Criddle (3). 
Peak daily 

Available water consumptive 
Soil Root zone holding caEacit,y use 

(feet) (inChes} (inches) 

Alfalfa Medium & heavy 5.0 10.0 .20 

Light 5.0 5.0 .24 

Grain Medium & heavy 3.0 6.0 o20 

Light 3.0 3.0 .24 

Sugar beets Medium & heavy 3.5 7o0 .18 

Light 3.5 3.5 .22 

Peas Medium & heavy 3.0 6.0 .19 

Light 3.0 3.0 .22 

Corn Medium & heavy 3.5 7.0 .20 

Light 3.5 3.5 .23 

Pasture Medium & heavy 3.0 6.0 .20 

Light 3.0 3.0 .24 

Tomatoes Medium & heavy 3.5 7.0 .20 

Light 3.5 3.5 .23 
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Nursery trees MedJum & heavy 3.0 6 .0 o20 

Light 3.0 3.0 .24 

Potatoes Medium & heavy 3.5 7.0 .18 

Light 3.5 3.5 .21 

A sample calc~ation is shovm here to illustrate the procedure used 

in obtaining the length of set required and the minimum frequency. 

Example: 

Farm number 6 

Readily Peak 
available consumptive 

Crop Area Soil Root zone moisture use 
(acres) (l'eet) (inches) (inches) 

Grain 60 Heavy 3 4.50 .20 

Alfalfa 40 Heavy 5 7o50 o20 

Average sprinkler discharge = 21.4 gallons per minute 

Average application a 96.4 X 1 X 21.4 X 0.70 = 0.60 inches per hour 
fiO X 60 

Length of set required--grain • 4.50 a 7 hours 
"O"M) 

alfalfa a 7.So a 12 hours 
cr:ol1 

!dinimwn frequency required--grain • 4 .50 = 22 days 
~ 

alfalfa "' 7 o50 .. 37 days 
o.2o 

Number of sets req u:i.red to oo ver field-grain a 40 

alfalfa • 26 

Number of sets per 24-nour day--grain • 24 • 3 

alfalfa • 24 • 1.8 
n 

1r 



Mi :1imwn frequency obtainable 

= 40 + 26 • 27 days 
3r:tr 

The complet e data for these tests is presented in table 4. 

~ummar,y of results 

Distribution efficiency 

Distribution effi ciency 
percent 

90-100 
80-90 
70-80 
60-70 
50-60 
Less than 50 

Number 

Total 

of 

0 
11 
14 

) 

4 
2 

34 

tests Percent of tests 

0 
)2.4 
41.2 

8 .7 
11.8 
5.9 

The average distribution efficiency, excluding those belm1 

70 percent, is 79.2 percent. 

Water losses 

Water losses 
percent Humber of tests Percent of tests 

0-10 16 47.05 
10-20 16 47.05 
20-25 2 5o9 

Total 34 100.0 

Average • llo4 percent 

Application efficiencl 

Application efficiency 
percent Nwnber of tests Percent of tests 

80-90 0 0 
70-80 15 44.1 
60-70 10 29o4 
50-60 5 l4o7 
40..50 2 5o9 
Less than 40 2 5o9 

Total 34 lOOoO 

18 
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Tne average application efficiency, excluding those that wer e 

influenced by a distr ibution efficiency below 70 percent, is 70.2 percent. 

Line di stri bution 

Decrease in pressure 
between first and last 

sprinkler, percent Number of tests 

Less than 10 23 
Greater than 10 11 

Total 34 

Labor costs 

Man hours per acre-inch 
applied 

0 - .25 
.2S - .so 
.so - .7S 
• 75 - 1.00 

1.00 - 1.25 

Total 

Average labor requirement 

Length of~ 

Lengt h of set sufficient 
to fill root zone to 

capacity 

Yes 
No 

Total 

Minimum frequenci': 

System able to meet 
minimum frequency 

Yes 
Within 7 days 
No 

Total 

Number of 
systems 

.. 

6 
lS 
3 
8 
1 

33 

.So man-hours 

Number of 
systems 

2 
29 

31 

Number of 
systems 

11 
8 

13 

32 

Percent of tests 

67.S 
32.S 

100.0 

Percent of 
systems 

18o2 
45.5 
9.1 

24.2 
3.0 

100.0 

per acre-inch • 

Percent of 
systems 

6.S 
9.3o5 -

100.0 

Percent of 
systems 

34.4 
25.0 
40o6 

100.0 



DISCUSSION OF RESULTS 

Distribution efficiency 

Tne distribution efficiency is affected by four factors-wind, 

nozzle pressure, spacing of sprinklers and lateral lines, and the 

operational performance of t he sprinklers. 

tiind has a marked effect on distribution, with the spray being 

blown in a diswrted pat tern . The greater the velocity of the wind 
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the more pronounced is the distortion . The adverse effect of wind on 

distribution efficiency can be r educed by decreasing the lateral 

spacing. Using farm number 2 as an exanple, if t he lateral spacing was 

reduced from 60 feet to 50 feet, the distribution efficiency would 

increase from 6C to 66 percent. 

Pressure affects the distribution pattern by changing the size of 

the water drops. Sprinkler manufacturers recommend a pressure for each 

nozzle combination . This recommended pressure will r esult in the best 

distribution pattern. If the pressure is appreciably greater than the 

recommended, the water jet is broken into fine drops and a large portion 

of the water falls near t he nozzle. The circle of coverage is reduced 

and wind has a more pronounced effect on the distribution because of the 

fine drops. Excess pressure was not a problem with the systems studied. 

If the pressure is appreciably l eas ~1an the recommended, the 

water drops remain large and fall in a narrovr band toward the outside of the 

circle of coverage. This gives a 11 doughnut-like11 appearance to the distri

bution pattem and the circle of coverage is reduced. 
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The effc:ct of low prassure cannot be shcvm graphically from the data 

in this study since individual nozzles vtere not used in the evaluations. 

The patterns obtained from the study are t he result of four adjacent 

sprinklers operating simultaneously. Christiansen (2) adequately 

illustrates the effects of pressure on distr lbution patterns. 

The effect of low operating pressures with the systems studies is 

reflectert in the distribution efficiencies. 

Spacing of lateral lines was briefly discussed wi t'!:l wind. It was 

illustrated how the di s tribution efficiency can be increased by reducing 

the spacing. 

To accurately determine the effect of the various factors, it would 

be necessary to have all of the factors under control so that they could 

be varied as desired. Such was not possible in this study. The tests 

were run with the conditions that existed on each system in the field. 

Of the 6 tests that were run w.i th a wind of greater than 5 miles 

per hour, all had a distribution effic iency below 70 percent. These 

results indicate that where ':~1d in excess of 5 miles per hour is present 

during much of the irri gation season, greater care must be taken in 

designing the system, giving special attention to sprinkler and lateral 

spacing. 

The remaining 28 tests were run with only a slight wind or no 

wind. Of these, 3 had distri bution efficiencies below 70 percent; 

the reason for each one being low can be attributed to an extreme 

condition of at least one of t he afore mentioned factors. 

For instance, with farm number 1, the manufacturers' recommended 

operating pressure is 40 pounds per square inch. The pressure used VTas 

only 15 pounds per square inch. Also, the largest recommended lateral 

spacing is 51.5 feet, and a spacing of 60 feet was used. 



With farm nunber 25, the recomm~~ded l~teral spacing is 55.5 feet 

but 80-foot spacing was used . If a 60-foot lateral spacing had been 

used, the distribution efficiency rrould have increased from 64 to 87 

percent. 
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l1'arm number 31 s prinkler system was not operating properly. The 

speed of rotation of the sprinklers was very erratic and the sprinklers 

frequently stopped dur:ing t..he test. This t est was completed to shmv 

vfhat extremely l ov1 distribution efficiency is possible if the sprinklers 

are not kept in good repair. 

Of the 25 tests having distribution efficiencies greater than 

70 percent, 13 were between 70 and 80 percent, a11d 12 were between 

80 and 90 percent. Since it was not possible to ccntrol the factors 

affecting distribution, it is difficult to explain this variance in 

distribution efficiency . In some instnnces the factors counterbalance 

one another. However, some signiHcant observations were made. 

The wi..."ld was l es s than 5 milos per hour for t he entir e 25 tests. 

A vdnd of 5 miles per hour i s believed to have a deflni te effect on 

distribution when compared to conditions of no w:ind . ~o1ve·1er , of 11 

tests run with s light vrlnn conditions, 6 fell in the 70 and 80 percent 

range and 5 fell in the 80 to 90 percent range . 

Of the 12 tests having efficiencies of 80 to 90 percent , 8 systems 

were operating wit.1.in 20 percent of the design pressure. The other 

4 operated at pressures below 80 percent of the design pressure. It is 

interesting to note th at all 4 of these systens used either lateral 

spacing or sprinkler spacing 10 feet less than that recom:nended. Al~ of 

the 12 syst ems used lateral spacillf.; equal to or l es s than recoll111.ended. 



23 

Of the 13 s;ystetilS having efficiencies of 70 tc 80 percent, only 

5 were operating wi tiri.n 2 0 percent of the design pressure . Of the 

rema.iH:ing 8 systems, only l used a lateral spacing less than recouuncnded. 

Three of the systems having efficiencies between 70 and 80 percent 

were tested und.er what is believed to be ideal conditions ; that is, 

there v1as no wind: lateral spacing was equal to or less than recomnended, 

and the operatiL1g prestJures were Y£it!-.in 20 percent of the design pressure . 

There is nothing in the data to explain why these e f ficienci es should 

not have been higher. A factor which would not appear in t he data but 

which could reduce the efficiency is the everu1ess of rotation of the 

nozzles. In some tests, nozzle r otation may have been sufficiently 

erratic to cause a distortion of the pattern. 

From these results, it would appear that, i n most cases , if tho 

operating pressure is within 20 percen't of the design pressure, and the 

lateral spacing is not greater than that recoliiiDended., a distribution 

efficiency of 80 percent is r eadily obtainable . 

The recomuended nozzle pressures and l~teral spacing used herein 

were obtained from National Rain .Uird Sales and Engineering Corporc.tion, 

Catalog 17o 

The summary of the data for these tests is presented in table 5. 

Water losses 

'£he average water losses, as determined by these tests, was .05 

inch per hour. There was no apparent relaticnship between the loss a•1d 

the. rate of application . Thus, the percent of water loss increases as 

't!le application rate decreases . Water loss as determined from the measured 

catch in the cans includes the l oss by evaporation from t he spray, evapo

ration from the cans during the te:s t , plus the f:iJ..Ir. of vrater which clings 

to the can when ·emptied. 



Chri stiansen (2) ran tests to detcr:ri..ne the loss that could be 

attri :.:>utcd to •.vatcr clingine to t..l-J.e cans and concl uded that this loss 

was about 1 cubic centi-:~eter or 3 per~cnt of the 3.Ver3.ge :t."aount c aught . 

This would 1:1ake the average catch in the cans 33 . 3 cubic centimeters in 

his tests . All of the average catchs obtained in the tests repo r ted 
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here were l a rr;or than this . :::>ince the graduo.te '..lsed to :neas'..lre the catch 

VIas read to the nearest 5 cubic centimeters, thi::> loss is insig:1ificant . 

Two curves (figure 8 and 9) Here dravm to atter.~pt to correlate the 

water los:Jes with t.e:nper!lture a"ld hu:.1idi t,r . F i pure !3 sho-;ts v·;ater l oss 

in inches ~er hour plott cC. against te::1perature in de;;recs Fxirenneit . 

Figure 9 shows the vario.tio:1 in water loss, either plus or minus, \'Jhic h 

was obtaincu from t~c vrater loss- tc:nperatt:re curve , nt;ainst "'elative 

humidity. Dot h cu:-vc:J \·;ere drawn usirlh t ile method of least squares . 

'i.'hese curves indicate that tile 'irater loss is dependent on both 

tempera t~ re and relative hwnidi t y . The water loss increa:Je3 as the 

tempera turc incr eases and the rGlati vc hunidi ty decreases . 

For an average temperature of 75 degreeG Fahrcnhe.i t , which is 

appr oxi.rnately the average for ,JU:_y in the area st...:d i ed , and an a·1erage 

r elative humidity of 40 percent, the average vtater l oss was . 06 inches 

per hour . The l oss ·;;ould require an application rate of 0 . 6 inch per 

hour to keep the l oss to 10 percent of the application . 

The maximum l oss ir. percent f ound in these tests .... ,a:3 22 o 

Six of the tests were run vti th wind conditions of ereater t han 

5 raiJ.es per hour . The losses ~.'rom 3 of t hese tes t s wer e at leas t . 02 

i nches per hour greater than the average as determined from figure a. 
'lhe other 3 tests varied les s than . 01 inch per hour f rom the avcrq.ge . 

Since only 6 test s v:erc completed U..YlCcr vtind conci.itims that wer e only 
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estimated, it is difficult to determine the relationship that wind had 

on water losses • 

Application efficiencz 

The application efficiency as thus defined depends on the distri-

bution efficiency and the water losses. 

Nine of the tests had an efficiency below 60 percent; 8 of these 

can be attributed to distribution efficiencies belmv 20 percent, and one 

to a large water loss of 21 percent. 

It is evident from these results that it is desirable to increase 

the distribution efficiency as much as possible. Inasmuch as the 

water losses are not controllable, the only way to increase the appli-

cation efficiency is to improve the distribution efficiency. 

Lateral efficiency 

Of the 34 tests completed, ll had a nozzle discharge drop along the 

line of greater than 10 percent. 

This excessive drop in discharge is caused by using pipe that is 

too small and has high friction losses or there may have been a change 

in elevation. 

This reflects poor design or an attempt on the part of the farmer 

to reduce initial costs at the expense of good distribution of water 

along the line. 

Labor requirements 

The average labor cost of .$0 man-hours per acre-inch is generally 

lower than has been reported in the literature. This indicates that 

labor requirements for sprinkler irrigation in northern Utah are favorable. 

Interviews with the farmers revealed that 10 thought labor require-

ments were the same for sprinkling and flood irrigation, 10 thought 
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sprinkling required less labor, 7 thought labor for sprinkling was more, 

and 6 gave no comparison as the land had not been previously irrigated. 

None of the farmers interviewed hired labor specifically to move 

and operate the sprinkling system. Usually the operation of the system 

was integrated into the fann work vd thout too much apparent difficulty 

or inconvenience. 

System efficiency ~ operation 

The ability of the system to adequately irrigate the crops and meet 

the minimum frequency is very important. 

Of the 33 s)~tems on vmich operational procedure was obtained, 

two used the system only to irrigate the crops up . These are not included 

in the analysis. One of the farms is reporteq twice, since 30 acres was 

served by continuous delivery and was able to meet the minimum frequency. 

Another 30 acres was served by rotation delivery, which was Unable to 

meet the minimum frequency . This makes a total of 32 farms included in 

the analysis. 

The data presented in the report shows that the operation and 

system efficiency of the systems checked is generally poor, with only 

11 of 32 syste.'lls having a capacity large enough to meot the minimum 

frequency. Of these 11 systems, only 2 were operated so that enough 

water was applied to fill the root zone each irrigation. 

The length of set required for farms 4, 8, 13, and 16 will be 

somewhat l ess than shown in the analysis because some water was supplied 

to the root zone by a high water table. The minimum frequency obtain

able of these systems would therefore also be less. 

Of the 13 systems that cruld not meet · the minimum frequency_, 4 

received water under the rotation system of delivery. One of these 4 



systems, farm rrumber 14, would have been able to meet the minimum 

frequency with continuous delivery. The remaining 3 would not have 

been able to meet t.he minimum frequency with continuous deli very, but 

the irrigation interval in each case would be substantially decreased. 

The disadvantage of not meeting t.hese tw·o requirements is great. 

Although yield data was not obtained, it is reasonable to assume that 
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they would be greatly decreased with such inadequate irrigation. Applica

tions that do not fill the root zone increase the number of :irrigations 

needed each year , which increases the l abor costs. Evaporation from the 

soil takes place largely from the first foot, thus evaporation losses are 

about the smne for all irrigations that supply water enough to at l east 

fill the first foo t . Evaporation from the soil may be as high as 1 inch 

between irrigations. If only light applications are made, this represents 

a large water loss . 



CONCLUSIONS 

The objectives s t ated at the beginning of the study have been 

realized, and the fall~1ing conclusions, ccncerning these objectives, 

arrived at: 
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1. It is possible to obtain an average distribution efficiency of 

80 percent if the nozzle pressure and the lateral spacing are properly 

designed and the sprinklers kept in good repair. If strong winds are a 

constant factor; special a t tention shotud be given lateral spacing. 

2. The water losses will seldom be mare than 0.1 inches per hour, 

vd th the average for July being approximately .o6 inches per h our. 

3. The average application efficiency as found by these tests was 

10 percent. 

The water losses are largely ill1Controllable, but the distribution 

is not. I f care is taken to :lnsure a high distribution efficiency, the 

application efficiency will correspondingly increase. If care is taken 

to insure high distribution efficiency, an average application of 70 

percent is readily obtainable. 

4. Greater care mu s t be taken by the designer to prevent poor 

lateral distribution. The fact that )2 .5 percent of the systems checked 

had discharge drop along the lateral of greater than 10 percent e~phasizes 

this. 

5. Labor costs are not a disadvantage of sprinkling in northern 

Utah. 

6. The general design and operation of the systeJns checked were 

generally poor. Only 2 of the 32 systans applied enough water to fill 
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the root zone each irrigation and were able to meet the minimum frequency 

requirements. This is an important aspect of good irrigation practice 

and everyone concernsi with sprinkler irrigation should try to improve 

the present conditions. 
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Table 1. Irrigation evaluation data for 1954. including diatribution and application efficiencies and 
vater losses of sprinkler systems in northern Utah 
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Table 1. (Continued) 
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Table 2. Lateral distribution data of sprinkler systems in northern Utah for 1954 
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~~ 0 I 

H p., c p., Q HI A c A c HI 

1 1 15 26 .;.u .P+2 . o 7.6 9.4 j.l . 8 j.l9.2 
2 16 23 .;. 7 j.30 . 0 7.3 9 . 1 j.1. 8 l-19.8 
3 16 23 .;. 7 .f3o. o 7.4 8.7 t1.3 l-15. 0 

2 1 34 30 4 11.8 10.9 9.8 1. 1 10.1 
.3 1 47 43 4 8.5 20. 1 18.9 1.2 6.0 

2 52 44 8 15. 4 21.0 19 .4 1.6 7.6 
3 54 46 8 14.8 22.2 19 . 6 2.6 11.7 

4 1 40 38 2 5.0 9.1 8.9 0. 2 2.2 
5 l 56 27 29 51.8 10.6 8.3 2. 3 21 .5 
6 1 30 22 8 26.7 24.6 20 . 3 4. 3 17.5 
7 l 29 27 2 6. 9 6.1 6. o 0.1 1. 6 
8 1 33 22 11 33.3 15 . 0 15.0 o. o :' . 0 
9 1 37 32 5 13 .5 9.3 8. 5 o.8 8.4 

10 1 28 29 .;. 1 .;. 3.5 8. 4 8. 8 .;.o. 4 .;. 4.5 
11 1 41 37 4 9. 8 15.9 15 . 0 0.9 5.7 

2 41 37 4 9. 8 15 . 8 15 . 1 0.7 4. 4 
3 41 37 4 9. 8 15 .9 15. 1 o.B 5.0 

12 1 JO 24 6 20 . 0 10.4 10. 2 0.2 1. 9 
2 29 26 3 10.3 10.8 9. 2 1.6 14.8 

13 1 42 38 4 9.5 16.1 15 .8 0.3 2.0 
2 44 42 2 4.5 17.1 16. o 1. 1 6.5 

14 1 33 32 1 J .O 38. 7 36.3 2.4 6.2 
15 1 42 30 12 28 .6 12 . 2 10.9 1. 3 10. 7 

2 40 40 0 0 12. 4 12 . 4 0 0 

Uote: f. i ndicates a gain w 
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Table 2. (Continued) 
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17 1 42 J6 6 14.3 7.3 6.5 o.8 11.0 
18 1 32 19 13 4o.6 18.0 14.6 3.4 18.8 
19 1 38 26 12 31.6 13.7 11.2 2.5 18.2 

2 34 26 8 2).5 13.1 10.4 2.7 20.6 
20 l 42 41 1 2.4 9.2 9.1 o.1 0.2 
21 1 38 33 5 13.2 7.0 6.7 0.3 5.0 
22 1 45 43 2 4.4 12.2 12.0 0.2 1.6 

2 45 44 1 2.2 12.5 12.0 0.5 4.0 
23 1 42 37 5 12.0 23.6 21.2 2.4 10.1 
24 1 4o )6 4 10.0 11.5 11.0 0.5 4.3 

2 40 38 2 5.0 11.5 11.2 0.3 2.6 
25 1 49 17 32 65.2 7.4 5.0 2.4 32.4 
26 1 40 31 9 22.5 16.2 14.3 1.9 11.7 
27 1 J6 33 J 8.3 8.6 8.1 0.5 5.8 
28 1 22 22 0 o.o 12.1 12.1 o.o o.o 

2 21 20 1 4.8 11.5 11.2 O.J 2.6 
29 1 37 36 0 o.o 6.8 6.8 o.o o.o 

2 36 36 0 o.o 6.8 6.6 0.2 3.0 
3 J6 36 1 3.0 6.8 6.5 0.3 4.4 

30 1 38 30 8 21.0 8.8 8.3 . 0.5 5.7 
31 1 24 25 + 1 t 4.2 10.2 11.9 + 1.7 /-16.5 

2 23 23 0 o.o 9.8 9. 8 o.o o.o 
32 1 41 36 5 12. 2 9 .2 8.8 o.4 4.4 
33 1 40 32 8 20.0 9.2 8.2 1.0 10.9 
34 1 32 28 4 12.5 9.0 8.5 0.5 5.6 
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Table 3. Labor cost data of sprinkler systems in northern Utah for 1954 
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1 60 2600 3.58 509 1.1 10.0 11.3 3.2 3. 0 0.27 
2 60 920 1.27 232 0.5 2.0 1.0 o.8 0.5 0.49 
3 75 2160 3.72 713 1.6 11.0 17.4 4.7 2. 0 o.n 
4 60 880 1.21 196 o.4 2. 0 0.9 0.7 1.0 1.15 
5 60 1800 2.48 4oo 0.9 10.0 8.9 3.6 2.0 0. 22 
6 60 lo40 1.43 556 1. 2 4.0 5. 0 3.5 1. 0 0. 20 
8 60 1520 2. 09 570 1. 3 4.0 5 . 1 2. 4 2. 0 0.39 
9 60 960 1.32 209 0. 5 3 • .5 1.6 1.2 1.5 0.92 

10 60 720 0.99 213 0.5 6.0 2 . 8 2. 8 1.0 o.;6 
11 60 1080 1.49 413 0.9 2.5 2.3 1.5 1.0 o.43 
12 60 2000 2.76 493 1.1 n .o 12.1 4. 4 1. 0 o. o8 
13 60 800 1.10 322 0.7 6. 0 4. 3 3 .9 2. 0 0.47 
14 80 510 0.94 613 1.4 1. 3 1. 8 1. 3 1.3 0.72 
15 40 1520 1. 4o 438 1. 0 R. o 7.7 5. 5 4. 0 0. 52 
16 60 12lJ.O 1. 71 406 0.9 4. 0 3 .6 2.1 1.0 0. 28 
17 6o 1360 1. 87 227 0. 5 5.0 2. 5 1. 3 1. 0 0. 40 
18 60 1040 1.43 403 0.9 2. 0 1.8 1.3 1. 5 o. 84 
19 60 1280 1. 76 372 o.a ll. O 9 .1 5.2 1.5 :) .16 
20 60 760 1. 05 174 o.4 3 .0 1. 2 1.1 1.0 0.86 
21 60 1320 1.82 222 o. s 5.0 2. 4 1. 3 l . O 0. 41 
22 60 1080 1.49 327 0.7 5. 0 3. 6 ?. • 4 1. 0 0. 27 
23 80 720 1. 32 392 0.9 1.5 1. 3 1. 0 1. 0 0.76 
24 60 1080 1.49 302 0.7 4.0 2.7 1.8 1.7 o.65 
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Table 3. (Continued) 
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Table 4. Evaluation data for sprinkler systems in northern Utah, including minimum frequency and length 
of set for 1954 
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1 140 Continuous Alfalfa Heavy ?.So 0.22 34 58 37 106 10 
40 Grain 4.So 20 17 22 

2 20 Continuous Grain Heavy 4.50 0.28 16 14 22 22 2 
20 Sugar beets S.2S 19 14 29 

3 So Continuous Sugar beets Light 2.67 0.29 9 23 12 16 11 
20 Grain 2.25 8 9 10 
10 Alfalfa 3.75 13 s 16 

4 20 Continuous Peas Heavy 4.So 0.25 18 14 24 40 2 
40 Barley 4.So 18 29 22 3 
10 Sugar beets 5.25 21 7 29 2 

5 25 Continuous Alfalfa Heavy 7.50 0.25 30 10 J? 38 10 
75 Grain 4.50 18 30 22 

6 6o Continuous Grain Medium 4.50 0.61 7 40 22 27 4 
40 Alfalfa 7.50 12 26 .31 

8 400 Continuous Grain Heavy 4.50 0.42 11 147 22 73 4 
9 5o Continuous Grain Heavy 4.50 0.24 19 36 22 78 3.5 

5o Alfalfa 7.50 31 36 31 
10 20 Continuous Grain Light 2.25 0.32 7 17 10 12 6 

10 Corn 2.67 8 9 12 
10 Sugar beets 2.67 8 9 12 

11 8 Continuous Sugar beets Light 2.67 0.51 5 5 12 3 2.5 
2 Potatoes 2.67 5 2 13 :=-
6 Peas 2.25 5 3 10 0 
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Table 4. (Continued) 

Q) Ill I 0 ~ ~ 
....... +> Q) Q) +l 0 0 (I) 

.D 0..1:: ~~ 
(I) 1=: ~ ~ 

I ~ 00 +l~ 
(I) Q) Q'l ~~ J.t bDJ.tC H 0 +l 

~~ 
+l 

~ 
Q) ..... 1=: ..... .J:: Q) 0 Q) g'l Q) 

H +> ~:a~ I c (I).J:: (1)"0 (I) (I) 
Q) ~ 

0 $.o .-....1 r-1 J-.1 ~~ fo-tg 
~ 

qS,.... ~,.... ·rl Q) ~ Q) ~· ~ 0 ·.-1 +>P.. 0"0 O·rl "0 

~~ 
0 0 

~ ~ .... ~.J:: +l 0 nl Q) to-t § f -'= 
~ 0 0 Q) ....... • .... Ul 0 Ul .J::J... H ..C::I 

(I) I> ·.-1 H o ·.-1 Q) to'E Q) H s .... to-b a qS Q) Q) .... p.. ....... "Oil>qSQ) r-I..C: .D Q) ..... ~ 
•rl "' 

~ Q) H ~~ 0 ..... Ill+> 0..1=: P..O 1::: rT § ~ ~=:rr 1=:+> ~ Q) 

~~ J.t 0 Q) "' qS 0 P..l=: Q) Q) ..... Q) ·rl .D Q) (I) 

""' 
E:-4"0 (.) CJ) ll::JI:ON < ..... HH z 0 ::S H :;:!!l o ..:I~ 

12 lhO Continuous Alfalfa Medium 7.So 0.29 26 So 37 56 11 
1.3 23 Continuous Grain Medium 4.50 0.45 10 17 22 9 6 
14 20 Rotation Pasture Light 2o2S 1.04 2 16 9 21 1 • .3 

20 Alfalfa .3.75 4 16 16 
20 Grain 2.25 2 16 10 

15 10 Continuous Pasture Light 2.25 0.47 5 s 9 6 8 
45 Grain 2.25 s 20 10 

16 60 Continuous Alfalfa Heavy ?.So 0.37 20 33 37 41 4 
40 Grain 4.So 12 22 22 

17 35 Continuous Peas Light 2.25 0.19 12 10 10 16 3 
45 Alfalfa 3.75 . 20 12 16 8 

18 40 Continuous Alfalfa Medium 7.So 0.45 17 22 37 17 2 
19 13 Continuous Grain Medium 4.50 0 • .33 14 9 22 11 11 

12 Pasture 4.50 8 22 
20 45 Continuous Grain Medium 4.50 0.26 17 22 22 17 3 
21 35 Rotation Alfalfa Heavy 7.So 0.19 40 18 31 108 6 

45 Rotation Grain 4.50 23 22 22 5 
22 15 Rotation . Alfalfa Light 3.75 0.34 11 17 16 84 5 

15 Sugar beets 2.67 8 17 12 
22 15 Continuous Alfalfa Light 3.75 0 • .34 11 17 16 15 5 

15 Sugar beets 2.67 8 17 12 

~ 
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Table 4. (Continued) 
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Table 5. Evaluation data of sprinkler systems in western Utah, including distribution efficiencies for 1954 
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§ •.-I 0 Cl).P I '0~ 01 0 ,... .PU 
Ill s tiOU CD I I: 0. I 0. ::s I:: 

~~~ g g C1) tiOri C1)b.l) .p ,CC1)+) 
I: C1) (f) C1) ~ I:: • I: ~ ~~ I:: 1:: ·.-1 •rl I:: 

rlCl> rl Cl) ·.-1 b.l) •.-1 •(1 ~ <!>bD ~ u C1) 
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N.l:: N u .p • lll.P 0 ·.-1 • g ~ 't:l 0•.-1 .P..-iU 
N U N 1111110. C1) 0 0 (f) Ill g,~ 1:: ~Ill Ill~,... 

0 1:: 0 ;S C1) • &:: ~ C1) C1) • C1) 0. •.-1 <!> C1) iS~ C1) 
cz.. z •.-1 z .PtiO ~ 't:l 0. tllrl ~(f) 1!1: P.'t:l C1) 0. 

1 1)/64 - 5/32 40 7.4 15.o 40 6o 51.5 N 37.5 66 
2 13/64 - 5/32 40 11.0 30.0 40 6o 58.9 w 75.0 6o 
3 1/4 - 3/16 70 19.5 44.0 45 75 73.5 w 97.8 58 
4 J/16 - 1/8 40 9.2 40.0 35 6o 57.5 w 114.0 51 
5 3/16- 1/8 40 9.8 37.5 35 60 58.8 s 107.0 77 
6 5/16 - 7/32 70 23.7 28.5 55 6o 72.S s 51.9 81 
7 11/64 - 3/32 40 5.3 23.5 30 6o 49.8 s 78.4 71 
8 7/32 - 3/16 70 14.5 28.0 45 {:[) 69.5 s 62.3 86 
9 3/16- 1/8 40 8.7 32.5 35 60 57.0 s 92.8 73 

10 13/64 - 5/32 40 8.3 25.0 40 &J 51.5 N 62.5 86 
11 1/32 - 3/16 40 15~ 38.0 45 6o 63.0 s 84.3 82 
12 13/64 - 5/32 40 10.5 26.0 40 6o 57.0 N 65.0 76 
13 7/32 - 3/16 10 15.8 38.0 45 60 70.0 s 84. 5 85 
14 3/8 - 7/32 70 37.5 33.0 55 80 76.8 N 60.0 78 
15 13/64 - 5/32 40 11.1 32.0 40 40 58.8 N 80.0 83 
16 1/32 - 3/16 40 12. 9 25.0 45 60 57.5 s 55.5 73 
17 11/64 - 3/32 40 6.9 40.0 30 6o 52.8 w 133.2 6o 
18 1/4 - J/16 10 15.3 )0.0 45 6o 70.1 s 66.7 76 
19 3/16 - 3/16 11.5 27.0 60 N 19 
20 7/32 30W 9.1 42.0 45 &J 69.6 N 93.4 70 

* All nozzles are Rain Bird . 
r=-
w 
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Table 5. (Continued) 
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21 11/64 - 3/32 4o 6.5 33.0 30 f:IJ 54.0 s 110.0 88 
22 13/64 - 5/32 40 12.4 45.0 40 f:IJ 61.3 N 112.5 84 
23 1/4 - 7/32 70 21.3 38.0 45 80 73.5 w 84.4 32 
24 13/64 - 5/32 40 11.5 38.0 40 6o 6o.o N 95.0 76 
25 11/64 - 3/32 40 7.2 36.5 30 80 55.5 N 121.8 63 
26 7/32 - 3/16 40 1S.o 34.0 45 {:jJ 63.0 N 75.5 84 
27 3/16 - 1/8 40 8.2 31.0 35 40 55.5 w 88.5 54 
28 7/32 - 3/16 40 11.5 22.0 45 So 52..8 s 48.8 75 
29 11/64 - 3/32 40 6.7 38.0 30 00 54.0 N 127.0 73 
30 3/16 - 1/8 40 8.0 32.0 35 00 55.5 N 91.5 84 
31 13/64 - 5/32 40 10.2 24.5 4o f:IJ 56.5 s 61.2 6 
32 3/16 - 1/8 40 9.5 40.0 35 6o 58.1 N 114.2 73 
33 3/16 - 1/8 40 8.5 36.0 35 So 56.5 N 103.0 83 
34 3/16 - 1/8 40 8.5 29.5 35 f:IJ 56.5 s 84.3 80 

g: 
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