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SUMMARY 

The potential for energy conservation in irrigated agriculture is sUbstantial. Farmers 
in the United States could reduce fuel consumption by an estimated 30% if they used more 
efficient irrigation wells, pumps, application systems, and watering practices. 

Taking advantage of advances in irrigation technology is usually in the best interests 

of the farmer. Energy-conserving irrigation systems, such as those discussed in this 

report, reduce expenses for water and energy, decrease soil erosion and nutrient leaching, 
and increase the yields of some crops. Capital investments in energy-conserving irrigation 

equipment are usually recovered in less than 3 years by energy cost savings alone. 

This report explores the benefits and applications of five irrigation technologies: 

mobile drop-tube irrigation, computerized scheduling, reduced-pressure center pivots, well 

design and development, and automated gated-pipe systems. These technologies have been 

developed by private companies and universities from around the nation, with financial and 

technical support from the U.S. Department of Energy. 

Perhaps the most promising of the new irrigation technologies is the low-energy, 

precision-application (LEPA) system. This mobile system uses one-half the energy of conven

tional sprinkler systems and distributes water with greater efficiency through a series of 
low-pressure drop tubes suspended above the crop. Dropping the water down closer to the 

plants also reduces wind drift and evaporation. 

Computerized methods of irrigation scheduling have been developed to help farmers con
serve water and energy. Special computer programs determine when a crop needs water and how 

much to apply for optimal plant growth, thus preventing the unnecessary costs of pumping 

more water than the crop needs. Field test results show that replacing traditional schedul

ing methods of irrigation with computerized scheduling can reduce energy and water use by as 
much as 35%. 

The irrlgation industry is actively promoting reduced-pressure water application 

methods, particularly for center-pivot systems. Reduced-pressure systems expend less energy 

but produce the same crop yields as conventional high-pressure systems, as long as excessive 

water runoff does not occur. The initial purchase costs of a reduced-pressure center-pivot 
system are the same as for a high-pressure center pivot. 

If well design and development techniques are applied when a well is drilled into an 

unconsolidated acquifer, the well's life expectancy, as well as its operating efficiency, 

can increase, the latter by as much as 40%. These techniques may cost a little extra, but 
they generally pay for themselves many times over in reduced energy costs. 

In the future, automated gated-pipe irrigation systems may replace conventional gated
pipe systems, because automation reduces water, energy, and labor requirements by 25%. 

The following chapters explore these five irrigation technologies in greater detail. 
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MOBILE DROP-TUBE IRRIGATION 

Mobile sp r ink ler systems are popular bec ause they requ i re less water and labor than do 

gravity- flow systems. Unfortunately, large amo unts of el ectri city are needed to pressurize 

sprinkler systems and, as energy prices rise, the expense of operating the systems also 

increases. 

The U.S. Depart ment of Energy recently f unded t he development of an energy-conserving 

sprinkler sys tem that uses one-half the energy of convent i on al sprinkler systems. Engineered 
at Texas A&M Univer s ity and known as the low-energy precision application (LEPA) system, this 

irrigation me thod eff ic iently applies water at l ow pressure throug h a series of long drop 

tubes. Converting a conventi on al center-p ivot syst em to a LEPA system requires an investment 

of abou t $4000 to $6000 . The payback period f or the system, based on energy cost savings, 

is generally l ess than 1 t o 2 years for mos t pumpi ng situations . 

A Simp l e Technology for Effic i ent Ir r igati on 

The LEPA system i s structurally similar 
to conventional spr i nkler systems, except 
that it uses drop tubes i nstead of sprinkler 
nozz l es to distr ibu te water (Figure 1). The 
drop tubes significantl y reduce the water 
pressure needed fo r irr igati on. 

Another benefit of t he LEPA system is 
that it applies wa ter di rectly to crop f ur
rows as the system moves down the fie ld . 
Conventi onal sprinkler systems , in contrast, 

app ly i rrigation water from a considerable 
distance above the ground . Less water is 
wasted by LEPA' s lower distribution pattern, 
because the wa te r is less subject to winds 
that cause evaporation and uneven 
dis tribut ion . 

The best f eatures of a stationary drip 
i r r igat ion system (like those used in orch
ards ) and a center-pivot or lateral-move 
spri nkler system are combined in the LEPA 
concept. L i ke a stat ionary drip system, 
LEPA dis tr ibutes water close to the crop's 

Figure 1. The low-energy, precision applicat io n (lEPA) irr igation system distributes w ater w ith great precIsion and 
economy through drop tubes suspended above the crop. 
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root zone, thereby reducing evaporation. 
Because the force of gravity moves the water 
from the main pipe to the nozzle, little 
pressurization energy is required. Like 
center-pivot and lateral-move sprinkler sys
tems, LEPA also offers mobility and labor
saving advantages. 

A LEPA system can be constructed by modi
fying a center-pivot or lateral-move sprin
kler. The main components necessary for the 
conversion are drop tubes, discharge water 
nozzles, and pressure regulators (see Fig
ure 2). (The regulators are used to dissi
pate the energy or water pressure and con
trol the flow rate.) Additional equipment 
includes manifold pipes, emitters, flow
control valves, and an optional intermediate 
pressure system. 

The main line of the system houses the 
manifold pipes, from which the drop tubes 
and emitters are suspended (Figure 3). The 
emitters, which are designed to reduce plug
ging, operate at 1 to 5 pounds per square 
inch (psi) and irrigate a 40-inch-wide fur
row. The size of the orifices on the 

MAIN 

RIDGID __ ..... 

PIPE 

emitters can be adjusted to compensate for 
friction losses within each manifold and to 
hold emitter pressures constant. Flow
control valves compensate for pressure los
ses in the main line and elevation changes 
in the field. An intermediate pressure 
regulator can be used to maintain the 
desired water pressure as water flows from 
the supply pipeline. 

Field Tests 

In field trials conducted on the Texas 
High Plains by researchers from a Texas A&M 
agricultural experiment station, the LEPA 
system was compared to conventional sprin
kler and gravity-flow irrigation systems. 
The field test results confirmed that LEPA 
is significantly more efficient in its use 
of energy and water than are conventional 
systems. Compared to the sprinkler system, 
LEPA's water application and distribution 
efficiencies were, on the average, approxi
mately 21% and 6% higher, respectively. 
Likewise, compared to the gravity-flow sys
tem, LEPA's water application and distribu
tion efficiencies were 8% and 78% higher, 

HOSE 

EXISTING OUTLETS 

RIDGID 
DROPS 

PRESSURE 
REGULATORS 

360 0 

~..----- NOZZLES 

Figure 2. The LEPA pipe and nozzle assemblies shown here are easily installed on center-pivot and lateral-move 
sprinkler systems. 
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Figure 3. Nozzles attached to the end of the drop tubes typically operate at 1 to 5 psi and are designed to resist plugging. 

respectively . The combination of higher 
water application and distribution 
efficiencies results in higher crop yields 
per unit of water applied (Figure 4). 

Water pressure requirements for the LEPA 
system are lower than for other mobile irri
gation systems~ making LEPA even more energy 
effic~ent than the reduced-pressure systems 
currently on the market. In operation, a 
LEPA system requires almost 90% less water 
pressure than a conventional high-pressure 
center pivot or a lateral-move irrigation 
system, and almost 65% '1 ess pressure than a 
reduced-pressure center-pivot system 
(Figure 5). 

No changes in cultivation practices are 
required with a l inear LEPA system. How
ever, the Texas field test demonstrated that 
the LEPA system performs better when used 
in conjunction with microbasin tillage (Fig
ure 6). With this tillage technique, a 
series of earthen dikes is made within the 
furrows to trap irrigation water as it is 
applied. Microbasin tillage is especially 
effective for uniformly distributing water 
in tight soils and on sloping fields. This 
technique also eliminates runoff and ero
sion. Tillage equipment, which can be 
pulled behind a tractor, was developed in 
the test project (Figure 7). 
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For center-pivot LEPA systems, circular 
furrows are necessary . Several f armers have 
demonstrated that circular furrows can be 
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Figure 4. Soybean crop yields are higher with a LE PA 
irrigation system than with conventional sprink ler and 
gravity-flow systems, because LEPA systems apply and 
distribute water more efficiently. 



plowed succes sf ully by following the tracks 
of t he LEPA system. 
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Figure 5. The LEPA system uses 90% less wate r pressure 
than conventional, high-pressure center pivots, 

The LEPA sy stem i s most appropriate for 
row crops and has been us ed successfully 
to irrigate cotton , soybe ans, gra in sorghum, 
and corn. The system has not yet been 
demonstrated for irri gat ion of small gr ai ns. 
Local farmers who observed the tests in 
Texas were imp ressed wi th the LEPA system's 
performance an d energy ef fic iency . In fact, 
some farmers have adopt ed LEPA and are now 
using it to irr igate the i r crops . 

Reducing Irrig at ion Cost s 

Farmer s who depend on i rri gation to water 
their crops could redu ce energy expenses 
considerably by installi ng a l ow-pressure, 
water-conserving LEPA i r r i gat ion system. 
The energy savings wi ll vary with each farm
ing operation, depending on t he water need s 
of the crop, the growing condi t ions . the 
amount of lift requ i red to de l i ver water t o 
the crop, and the loca l pr ice of energy . 

The energy-savings potential of a LEPA 
system can be subs t anti al. For example . in 
a 1980 Texas field t est under well condi
tions featuring a groun dw ater lift of 
280 feet, the l EPA system used 28.7 ki l lo
watt hours/bushel as compared t o 37 .3 ki llo
watt hours/b ushel f or a l ateral-mo ve sprin
kler system. Conv enti onal tillage pr acti ces 
were used for bo t h tests . 

Figure 6. Runoff and erosion are reduced through the use of small earthen basins, which ho ld the irrigation water in the 
crop fu rrows unti l it can seep into the ground, 
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Figure 7. This plow, developed for the Texas field tests, created the earthen dikes o r microbasins shown in Figure 6. 

Similarly, in the same f i eld test, the 
LEPA system used 20.1 ki lowatt hours/bushe l 
with microbasin till age pract ices; the con
ventional sprinklers without microbasins, 
on the other hand, used 30. 1 killowatt 
hours/bushel. Thus , in compa rison to con
ventional systems, the LEPA system can 
result in energy savings of f rom 43% to 86%, 
depending on the tillage pract ice used. 

To estimate your potentia l energy savings 
from using LEPA instead of a con ventional 
center-pivot sprinkler syst em, first multi
ply your current annual energy costs for a 
130-acre field by 0.25. [Th i s r ef lects the 
improved efficiency of water use fo r t he 
LEPA system--see (A) in the box t o the 
right.] Add the result i ng figure to t he 
energy cost savings that result f rom the 
lower operating pressu re of t he LEPA sys tem 
[see (B) in box]. The en ergy cost savings 
ultimately depend on t he unit cost of fuel 
and the average acre-feet of irrigation 
water applied. 

Annual energy cost savi ngs for the LEPA 
system have been calculated for several 
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types of irr i gation situations. These sav
ings are ident i fied in Table 1. 

How to Calculate Annual Energy Cost Savings From LEPA 
Irrigation on Your Farm· 

Annual 
Energy cost 

savings 

Current annual energy x 0.25 + [
(A) J 

costs per nO-acre field 

(8) 

[
fuel sav ings per acre-foot of water applied t xl 
unit cost of fuel x average acre-feet of water 
applied an nually 

~Assuming conversion from 70-psi to 11-psi system at the 
pivot pad. 
Annual fuel savings per acre-foot of water applied 
annually would be approximately 29,500 kWh of 
electricity, 458,000 cubic feet of natural gas, or 
2,642 gallons of diesel fue l. 



TABLE 1. Average Annual Energy Cost Savings of LEPA 
Center-Pivot and Lateral-Move Systems Compared to 

Conventional Sprinkler Systems 

System 
Comparison 

LEPA 
Lateral Move 
vs. Conventional 
Lateral Move 
(for 160 acres) 

LEPA 
Center Pivot 
vs. Conventional 
Center Pivot 
(for 130 acres) 

Irrigation Cost Savings, $ 

Water Range Average 

Groundwater 2,208-16,123 5,050 

Surface 1,866-11,238 4,190 

Groundwater 1,901-10,358 4,100 

Surface 1,703-7,502 3,820 

The LEPA system can be installed as a new 
system or retrofitted to an existing center-
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pivot or lateral-move system. The estimated 
costs for a LEPA system are determined by 
the nature of the installation. Converting 
a conventional center-pivot system to a LEPA 
center-pivot system involves purchase of the 
drop-tube package and pressure regulators, 
which cost about $4000 to $6000. 

The energy cost savings that result from 
irrigating with a LEPA system will return 
the capital costs for a retrofit installa
tion on an existing center-pivot or lateral
move system in a relatively short time. 
The estimated payback period is 1/2 to 
4-1/2 years, depending on the extent of the 
conversion, investment requirements, the 
cost of energy, and operating conditions. 
When labor and water savings are included 
in the analysis, the LEPA system will also 
return the costs of conversion from gravity
flow systems in generally less than 5 years. 
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COMPUTER ASSISTED IRRIGATION SCHEDULING 
Excessive amounts of energy and water are consumed in agri culture because of t he tende ncy 

to over- irrigate crops. Over- i rr igat ion occu r s largely because farmers perceive it to be 

safer for maintaining crop yiel ds than under-irrigation, an d beca us e hi storic al ly both water 

and energy have been inexpens i ve and readi ly available. Typically, i rr igat i on needs are 

exceeded by as mu ch as 20% through conventional methods, which re ly on the persona l j udgment 

and time schedule of the irr i gator . 

Energy price increases make over-irrigation quite costly . A rel at i vely new method of 

determining when and how much t o irrigate--computerized irr igation scheduling- - provides a 

scientific basis for determining optimal times to irrigate and the precise qu ant ity of water 

to apply. Commercially available i n certain areas since 1969, compu terized schedul i ng pr o

grams account for such agri cul t ura l variables as rainfall, water int ake by pl ants, crop 

cover, and soil type, to determine the optimal timing and ir rigation volumes (Figure 8) . 

Scheduling is effective for al l types of irrigation systems where wa te r vo l umes can be care

fully controlled. The benefits of i nvesting in some type of adv an ced scheduli ng program 

almost always outweigh the costs. 

Currently, 1% of all i rr i gated l and in the United States (ap proximately 500,000 acres ) 

is served by some form of computer- assisted irrig ation scheduling . Ultimately, schedul ing 

could be applied to nearly 15 mi llion acres of farm l and. 

Figure 8. Using field data collected by this farmer, a computer will calcu late an irrigation schedule and water application 
rate that produces ideal watering conditions for crop growth. 
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Applying Computer Technology on Farms 

Conventional scheduling practi ces vary 
from irri ga tion on a calendar bas is to irri
gation by stages of crop growth. Since the 
1950s, more sophis t ic ated methods based on 
periodic co ll ection of climatic, crop, and 
soil data have been used to de termine irri
gation schedules and vol umes. 

In the early years, however , t he determ
ination of schedul es based on cli ma tic, 
crop , and soil data was time- consuming and 
tedious because of t he f requent cal culati ons 
necessary to main tai n up-to- date schedules . 
With the advent of small computers , calcul a
tions are perf ormed quickly and i rrigation 
analysis is often more accurat e. 

Today, a number of private consu ltants 
and governmental age ncies are set up to pro
vide irrigation scheduling services that 
allow irrigators to con serve wa t er and 
energy . Scheduling progr ams require i nput 
data on the moisture-holding capaci ty of t he 
soil, the amount of water appli ed th rough 
irrigation or ra infal l, daily weather condi
tions (including temperature , rel ative hu
midity , solar radiat ion , and win d patterns), 
and the type and stag e of pl ant growth (Fig
ure 9). Given i nfo rmation about these fac
tor s , a special ly programme d comp uter calcu
lates the crop's consumption of water from 
one day to the next . The computer subtract s 
moisture used by the plant and adds water 
supp li ed by irrigat ion and rainfall in a 
simulated analysis of the mois ture content 
of the soil. Irrigat ions are then sCheduled 
to mainta in appropr iate moisture l evels in 
the soil. 

Field Tests 

In 1979 and 1980 , at te st sites in the 
San Joaquin Va ll ey of California, agricul
tural scienti sts compared the performance 
of comp uter-ass isted and convent ional 

MINIMUM-MAXIMUM TEMPERATURE 
DEW POINT 

WIND 
SOLAR RADIATION 

irri gation scheduling methods on tomato, 
gra i n, and cotton crops. Test pl ots were 
t reate d the same except for the scheduling 
me thod used. Perfo rmance facto r s analyzed 
were energy consumpt i on, water use, and 
crop yi el d. 

The t est res ul t s in dicated th at irr iga
tions sc heduled by computer either used l es s 
wat er-- and th us l ess energy--to produce com
parab le crop yi elds, or that they used the 
same amount of water to produce hig her 
yiel ds than convent ionally sc heduled irr iga
t ion. The hi ghe r the degree of cont rol over 
wate r- applicati on ti ming and amounts, t he 
great er the savings of water and energy . 
Because sprinkl er systems of fe r more cont rol 
over i rri gat ion water volumes than do 
gravity- flow systems, the overall energy 
and wa t er savings ten de d to be greater for 
spr inkler-irr ig ated fie l ds. 

The water sav i ngs re sulting f rom t he use 
of comp uter ized scheduling var ied for the 
types of crop grown. For grai n an d toma
t oes, the wate r savi ng s were 31~ and 35%, 
res pectively. 

Water Savings from Computerized Scheduling 

Grain 31% 

Tomatoes 35% 

Cotton 0% 

Although the amo unt of water di d not 
ch ange for cotton, cotton yi elds i nc reased 
by 6%. At 1980 cotton prices, th i s i ncrease 
represented an additional profit f or farmers 
of ~60 per acre. 

The cotton yield increased because, for 
crops such as cotton and corn, the timi ng 
of water applications is more impor t ant than 

RAINFALL (, J IIf" "I]I I • Ltl " , r '." , • ., 

EMERGENCE DATE 
CROP COVER 

DAILY EVAPORATION, TRANSPIRATION 
CROP COEFFICIENT 

LATEST IRRIGATION 
IRRIGATION EFFICIENCY 

DEEP PERCOLATION 
WATER HOLDING CAPACI1Y 

ROOT ZONE 
SOIL1YPE 
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SCHEDULE FOR 
IRRIGATING CROPS 

ENERGY AND WATER-USE 
EFFICIENCY 

Figure 9. Computers merge a variety of informati o n quickly an d accurately. 
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the volume. No sign if ic ant diff ere nces in 
the yi el ds of gr ain an d tomatoes were no te d. 
The net result of compute ri zed schedu l ing 
was a higher cr op yi el d per unit of energy 
used fo r al l th ree crops (Figu re 10) . 

Cos t Savings From Compu teri zed Sched ul i ng 

Computerized schedu l i ng redu ces ene rgy 
costs bec ause les s water is pumped. Addi
tional money can be saved if the billing for 
irrigation water in your area is based on 
t he volume of water used. An est imate of 
the t otal cost savings can be obtained by 
multiplying the percent of water that you 
will save by using compute r ized scheduling 
by your curr ent energy an d wa ter costs. For 
exampl e, in the San Joaquin te sts , t he wa te r 
savings for sp rinkler- i rrigated gr ai n were 
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Figure 10. Computer-based irrigation scheduling makes 
possible higher crop yields per unit o f energy use. 
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31%. If t he en ergy cost of irr igat i ng 
130 acres of gr ai n by sprinklers is $13,000 
ann ual ly , the annu al energy cost savings 
from using computerized scheduli ng (assum
ing a 31% reduction in water use) would be 
approximatel y $1 3,000 x 0.31 , or $4000 . 

If water cos t s $4 an acre-foot and two 
ac re- fe et are ap pli ed annually , water costs 
woul d be approxi mately $1,040 on 130 acres. 
ThUS, an addi t i ona l $1,040 x 0.31, or $325 , 
could be saved through comput er ized schedu
ling . Energy cost savi ngs from comp uterized 
sche du ling tend to be highe r for groundwater
suppli ed systems t han f or su rface-wate r sup
pli ed systems ( see Table 2). 

TABLE 2. Annual Energy Cost Savings from Using 
Computerized Scheduling on a 13O-Acre Center Pivot 

Water Source 

Groundwater 

Surface 

Cost Savings, $ 

Average 

2000 

1083 

Range 

676-7973 

444-2773 

The net economic benefits of computeri zed 
sc heduli ng depend on t he cos t of obtain i ng 
such servi ces, as well as on the l eve l of 
energy an d wat er co st savi ngs. Schedu l ing 
services vary in sophi st i cati on f r om the 
publ i ca tion of pri nted da t a about crop wate r 
requirements to servi ces where the irri gator 
is gi ven sp ecifi c recommendation s on how 
much water to appl y . Consequ ently, the cost 
of obtaini ng schedul ing serv i ces depends on 
the l evel of service provided. 

In 1980, the cost of hiring a pri vate 
consult an t t o pro vide compl ete compu t er
based scheduling serv i ces fo r one year was 
approximately $5 an ac re (or $650 fo r 130-
acre plots ) on f arms 1000 acres ot l arger. 
Given the energy cost sav i ngs presented i n 
t he table above, the co sts of obtaining com
ple te sc hedu li ng ser vi ces are ret ur ned by 
energy savi ng s i n almost every case. The 
onl y except ion i s where su rface water , wh ich 
has a ve ry small pumping head, is used. 

Because the t ot al cost of provi ding 
scheduling services fo r sma l l f arms i s 
nearly t he same as for fa rms of 1000 to 
5000 acres, small f arms cou ld reduce per
acre sc heduling cost s by purchas ing sched
uling informati on as a cooperat i ve. Cl early , 
some type of advanced i rrigat ion scheduling 
is benefi ci al in every f arming s ituati on 
wher e water applic ation amounts can be care
full y cont rolled. 





CENTER-PIVOT IRRIGATION AT REDUCED PRESSURES 

The growing demand for energy-conserving irrigation equipment has led to the development 

of reduced-pressure center pivots that have the labor-saving characteristics of standard cen
ter pivots but use less energy. Thus, they cost less to operate (Figure 11). Most perfor

mance problems previously encountered with the use of reduced-pressure systems have been cor

rected, and the systems are now considered reliable. 
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Figure 11. Reduced-pressure irrigation systems cost less 
to operate than high-pressure systems. 

Reduced-Pressure Irrigation Technology 

Several types of reduced-pressure center 
pivots are available; the appropriate system 
for your farm depends on such factors as 
soil, topography, cultivation practices, and 
crops. Most of the new systems available 
through irrigation companies operate at 
30 psi. This is approximately 40 psi below 
the operating pressure of high-pressure 
center pivots. Reduced-pressure pivot and 
lateral-move systems are similar to their 
high-pressure counterparts, except that they 
are equipped with either impact sprinklers 
or spray nozzles specifically designed for 
use at low pressures. 

Because these impact sprinklers and noz
zles have lower operating pressures, they 
distribute water over a narrower area than 
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do high-pressure sprinklers. Consequently, 
to provide full irrigation coverage, more 
nozzles or sprinklers are needed. In addi
tion, reduced-pressure systems require 
slightly more flow-regulating equipment than 
conventional high-pressure systems to main
tain uniform application rates throughout 
the irrigation system. 

Lowering the pJmping pressure of an irri
gation system enlarges water droplets and 
increases the water application rate. These 
two factors can contribute to water runoff 
unless appropriate soil and field conditions 
exist. However, correct cultivation prac
tices can reduce or eliminate the poSsibil
ity of water runoff. 

When to Use Reduced-Pressure Center Pivots 

Generally, reduced-pressure center-pivot 
irrigation systems perform best on light 
soils and on fields with slopes of less than 
5 percent. Light soils have a high water
absorption capacity, compensating in part 
for the higher water application rates of 
reduced-pressure irrigation. Moreover, the 
lighter soils can accommodate large water 
droplets without soil compaction problems. 

Field Tests 

The Department of Energy recently funded a 
study to compare the performance of reduced
pressure and high-pressure center-pivot 
systems. The variables evaluated included 
water runoff, crop yields, and energy use. 
At a test site near the University of 
Nebraska, researchers mounted high-pressure 
and low-pressure sprinklers and low-pressure 
spray nozzles on an experimental center piv
ot (see Figure 12). Each system was then 
used at a different point in the pivot's 
rotation. 

For the field trials, three alternative 
tillage methods were used and compared: 
(1) a reduced till method involving chopping 
corn stalks in the spring, tilling the 
field, planting corn, and cultivating the 
crop; (2) a disk method involving disking 



High-Pressure 
Impact Sprinkler 

Low-Pressure 
Spray Nozzle 

Low-Pressure 
Impact Sprinkler 

Figure 12. The Nebraska field test compared the 
efficiency of high- and low-pressure impact sprinklers 
and a low-pressure spray nozzle. 

twice in the spring, planting corn, and cul
ti vati ng the crop; and (3) a chisel method 
involving chopping stalks in the spring, 
tilling, planting, cultivating, and 
subsoil i ng. 

The most significant finding of the 
Nebraska field tests was that crop yields 
did not change as a result of using reduced
pressure irrigation methods. The research
ers concluded that reduced-pressure systems 
decrease crop yields only when excessive 
water runoff occurs. 

The field test results also suggest that 
reduced-pressure impact sprinklers perform 
better than spray nozzles, especially on 
heavy soils and steep slopes. Runoff from 
the reduced-pressure sprinklers never ex
ceeded 1% of the total volume of water 
applied. This is comparable to conventional 
high-pressure-irrigation runoff levels. 
For the nozzle systems without side booms 
(extension pipes that spread water over a 
wider coverage band for a lower instantan
eous application rate), however, runoffs as 
high as 10% to 13% of the water applied were 
recorded. The average runoff volume from 
the nozzle system was about 2%. 

The severity of runoff problems depended 
on the slope of the field, soil type, and 
the cultivation method used. Both of the 
reduced-pressure systems used in the study 
created few runoff problems on light, high
intake soils, and on slopes of less than 5%. 
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Generally, spray nozzle systems without side 
booms should not be used on heavy soils or 
on fields with slopes greater than 5%. The 
Nebraska tests also indicated that the 
larger water droplets associated with re
duced pressures did not harm the soil, even 
though the larger droplets caused a light 
crust to form on the soi 1 surf ace. 

The chisel cultivation treatment limited 
runoff far better than did reduced-till or 
disk methods. Even for the spray nozzle 
system, runoff was generally less than 1% 
on plots where the chisel treatment was 
used. Disking promoted the most water 
runoff • 

Typically, variations in water pressure 
caused by changes in field elevation are 
more pronounced for low-pressure systems 
than for high-pressure systems. Discharge 
variations can be prevented by installing 
pressure regulators or flow control nozzles. 
Such devices were not used in the Nebraska 
study. 

Cost Savings Through Reduced Pressure 

The main benefit of reduced-pressure 
center-pivot irrigation is energy cost sav
ings, which average about $2,725 per year 
for a 130-acre field on which excessive run
off does not occur. The energy savings 
could range from $1,150 to $7,500, depend
ing on the amount of water used to irrigate 
and the cost of energy. 

Annual energy cost savings resulting from 
a conversion to reduced-pressure irri9ation 
on your farm can be estimated by multlplying 
the fuel savings per acre-foot of water 
applied (see the box below) by your unit 
cost of fuel and total acre-feet of irriga
tion water applied. 

How to Calculate Annual Energy Cost Savings From 
Reduced-Pressure Irrigation for Your Farm* 

Energy cost savings = fuel savings per acre
feet of water appliedt x unit cost of fuel x 
average acre-feet of water applied 

*Per nO-acre field; assuming conversion 
from 70-psi system to 30-psi system. 

tThe annual fuel savings per acre-foot of 
water applied would be approximately 
20,000 kWh of electricity, 310,000 cubic feet 
of natural gas, or 1,785 gallons of diesel fuel 



The reduced-pressure system will result 
in energy cost savings unless extreme condi
tions exist. Studies show that as long as 
water use does not increase by more than 30% 
to compensate for higher runoff. a reduced
pressure system will reduce total energy 
cost s. 

Equipment and Installation Costs 

The price of a reduced-pressure irriga
tion system is nearly identical to that of 
a conventional high-pressure system. 

Converting an existing high-pressure 
center-pivot system to a reduced-pressure 
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system costs approximately $4400 for altera
tions to the center pivot alone. Modifica
tions to the pumping plant are also neces
sary. the cost of which will depend on the 
existing pump's lift. operating efficiency. 
and other factors. 

The expense of retrofitting an existing 
high-pressure center pivot with reduced
pressure components usually can be recovered 
in less than 3 years. On farms where pump
ing heads are extremely large (-300 feet). 
the payback period may be longer. 





TECHNIQUES TO IMPROVE WELL EFFICIENCY 

Several techniques are available to increase the efficiency of irrigation wells that draw 
from unconsolidated aquifers. Most irrigation wells operate at a meager efficiency of 25% 

to 40%. Through proper design and development of a well when it is drilled, improved effi
ciencies of 60% to 80% are attainable. 

Making wells more efficient will conserve a great deal of energy, as 70% of all of the 
energy used in irrigated agriculture is used to lift water from beneath the ground to field 
level. Producing the desired water flow for the least investment cost has long been an 

important goal in well construction. Generally, however, little thought has been given to 

constructing wells with reduced drawdowns, even though drawdown is directly related to a 
well's energy use. Now that the high price of energy is reducing farm profits, more interest 

is being shown in applying well-development and well-design techniques that lessen drawdown 

and conserve energy. 

wells waste energy if they are installed with poorly designed well screens and gravel 

packs, or if they are given little or no well development. These design factors should be 
considered before a well is drilled, and well development should begin immediately after

wards. Over'pumping, surging, and jetting are three well-development techniques for removing 
the fine particles that can inhibit water flow and increase well drawdown. 

Well design and development are relatively inexpensive, if completed when the well is 
new. Usually, the investment costs for improving well efficiency in unconsolidated (loose

formation) aquifers are returned many times over during the life of the well. 

Design Factors for Irrigation Wells 

Most of the wells constructed for crop 
irrigation in the United States operate in 
unconsolidated aquifers. In these kinds of 
aquifers, the very process of drilling a 
well can restrict natural water-flow charac
teristics and can reduce efficiency. When 
a well is drilled with rotary drilling 
equipment, for example, the borehole made 
by the drilling bit is held open by the 
hydraulic pressure of a drilling fluid until 
the screen and casing are installed. The 
invasion of this drilling fluid causes the 
formation of a mud cake, which clogs the 
pore spaces through which water would other
wise permeate into the well. This results 
in a larger well drawdown and higher energy 
demands by the well (see Figure 13). 

Traditionally, bentonite has been used 
as the primary component of well drilling 
fluid. Recently, however, new types of or
ganic drilling fluid have been introduced 
which have the potential for reducing energy 
losses caused by mud blockage in the well. 
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When designing a well, care should be 
taken to select an appropriate gravel pack 
and well screen. Gravel packs are placed 
inside a well primarily to keep sand and 
silt from entering the well's interior. 
Ideally, gravel packs should limit sand 
pumping but should not significantly de
crease the permeability of the well to water 
flow, which could increase well drawdown. 

well screens are also used to r.educe the 
number of fine particles entering the well. 
Screen slots should be sized so that they 
are small enough to limit sand pumping but 
large enough to prevent plugging of the well 
screen. 

Techniques for Making Wells More Efficient 

Well development techniques are used to 
dislodge drilling fluid, remove fine part
icles that clog water pathways, break up 
sand formations, and reduce the effects of 
soil compaction caused by the construction 
process. Overpumping is a commonly used 
technique that involves pumping water from 
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Figure 13. Well drawdown occurs when mud and sand 
collect in a well and impede the aqu ifer's natu ral 
pe rmeability. 

a newly constructed well at a higher capac
ity than the well is designed fo r. Over
pumping creates large, rapid ly movi ng water 
flows that fl ush out mud and fi ne particles 
that have built up on the screen. A va r i a
tion of this method, known as r awhidi ng, is 
commonly used to develop wel l s. Overp umping 
is generally not as effecti ve i n remo vi ng 
particles from a we l l as are surgi ng or 
jetting. 

In surging , a rubber pl unger i s lowered 
into the well approximat ely to the top of 
the we l l screen and then is moved up and 
down rap i dly (Figure 14 ). Th is movement 
creat es a back-and-forth surging ac tion 
through the screen and washes the mud and 
fines in to the well where t hey can be 
removed . Surge blocks take many fo rms, and 
every we l l driller has a favo r ite des i gn . 

High-velocity water jets are used i n jet
ting to remove mud from the well screen 
and wa l ls . A spec i al hose with two or fo ur 
nozzles is lowered into the well oppos i t e 
the screen, and water is fo rced th rough each 
nozzle (see Fi gure 15). The jetti ng tool 
is then rotated slowly and moved up and 
down. At the same time, compressed air i s 
pumped th rough t he well at a rate approxi
mate ly 1.5 ti mes greater than the fl ow 
t hrough t he nozzles . The combined actions 
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Figure 14. This surge b lock acts like a rubber plunger in 
re moving de bris fro m the well screen. 

of t he jetting tool and the compressed-a ir 
pump ing produce a flushing acti on that 
cleans the well . 

Ideally , all wel l drilling operat i ons 
should incl ude an aqu ifer survey, ini tial 
ex plorati on and t est dr il ling , careful well 
desi gn based on the geograph i c and geo logic 
features of t he formation, use of an ap pro
pr iate dr illing method, we l l de velopment, 
and performance testing of the pump. If 
explorat ion and test drilling are not under
taken, the risk of well f ai l ure is high for 
wel ls dril l ed in unconsolidated formations. 
Data from the test drills should be used to 
de termi ne the optimal gravel-pack filter 
fo r t he well, the best screen- slot sizes , 
and t he length of the screen. The success 
of a well-- its longevity , energy efficiency, 
and production--depend on these measures . 

Fie l d Tests 

At the Univers i ty of Minnesota's irriga
tion testing grounds near Staples, Minne
sota , several we ll designs and development 
techniques were t ested in 10 experimental 



Figure 15. Jetting too ls bombard the interior of a well 
with high-velocity water flows, which dislodge mud and 
sand. 

we l ls drilled in an unconsolidated aq ui fer . 
Some of the wells were drilled using bento
nite dril~ing fluid, and others were dril l ed 
using an organic fluid. Al so, screen slot 
sizes and the amount of open screen area 
were varied among the wells. Different 
gravel packs were insta ll ed, and surg i ng or 
jet ting treatments were applied to each 
well. 

The test results i ndicate that matching 
well screen slot sizes and gravel packs 
to the size of the particle fines in t he 
aquifer enhances well performance. Complete 
well failure occurred when the grave l pack
ing was purposely overs i zed. 

Wel l s drilled wi th organic dri l ling fl ui d 
were generally more efficient than well s 
dril led with bentonite flu i d. The f ormer, 
however, did not resp ond to well deve lop
ment. In wells drilled with bentonite 
fluid, surging and jetting increased well 
efficiency by nearly 13% and 18%, respec
tively . Well drawdown was reduced by 35% 
through surging and by 45% through jetti ng. 
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Specific capac jti es (the ratio of f low 
r ate to actual well drawdown) are often used 
to evaluat e well pe rformance. The specifi c 
cap ac i ty of well s drill ed using bentoni t e 
fluid increased 53% afte r surging treatment s 
and 74% af t er j et t ing (F igu re 16). 

The Economic Benef it s of Well Development 

Reduced operating cost s more than compen
sate for t he i nit ial costs of correct we l l 
design and devel opment . The estimated 
energy cost savi ngs f rom surging and jet
t i ng on a 160- acre f ie ld range from $160 to 
$4670 per ye ar (see Tabl e 3). Although the 
energy cost savi ng s of jetti ng are higher 
than those of surg i ng, the initial invest
ment costs f or jet ting are also higher 
(T ab 1 e 4 ). 
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Figure 16. Jetting and surging appreciably improve well 
performance. 

TABLE 3. Estimated Annual Energy Cost Savings for Well 
Development in Unconsolidated Aquifers Supplying 

Water for 160 Acres 

Surging 

Jetti ng 

Cost Savings, $ 

Average 

71 0 

890 

Range 

160-3700 

200-4670 



TABLE 4. Capital and Development Costs for Wells 

Drilling Development 
Well Type (Per Foot), $ Cost, $ 

Conventional 40 0 
Surge 44* 400 
Jetted 44* 1600 

*Includes $4 per foot charge for exploration 
and test dri!ling. 

In general, surging offers higher net 
economic benefits than does jetting because 
the lower capital costs of surging are more 
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easily returned by energy cost savings. In 
areas of high energy costs and deep pumping 
depths, however, jetting may be more bene
ficial than surging. 

The information presented in Tables 3 
and 4 demonstrates that both surging and 
jetting in unconsolidated aquifers will 
return their initial investment costs in a 
relatively short time. The payba.ck period 
for surging is generally less than 2 years, 
and the payback peri ad for jett i ng is gener
ally less than 3 years. The costs of inves
ting in high quality, open-area well screens, 
correct gravel packing, and well development 
are also returned in less than 2 years, 
based on a cost analysis performed as pa.rt 
of the Staples project. 



GATED-PIPE IRRIGATION BY REMOTE CO NTRO L 

A promising new concept in crop irrigation--gated-pipe watering by remot e control -
combines the labor- and water-saving characteristics of mobile sprinkler systems with the 
energy-conserving features of gated-pipe systems. A prototype of the system has been built 

by engineers at Kansas State University (see Figure 17) and has been used successf ully t o 
irrigate 150 acres of corn for two growing seasons. Field tests show th at the rad i o

controlled system applies water more efficiently, uses 22% less energy, and req uires 25% less 

labor than conventional gated-pipe or sprinkler irrigation systems . 

Gated-Pipe Irrigation Technology 

Automated gated-pipe systems use the 
standard equipment of conventional gated
pipe systems, such as gated pipe and distri
bution pipelines. Batteries, radio trans
mitters and receivers, servos, and flow
control valves supply the automation. 
Servos are radio-activated control mecha
nisms (like those used to operate model air
planes) that convert radio signals into 
mechanical action. The timing and duration 
of the watering are controlled either by a 
microcomputer or by an irrigation controller 
similar to the ones used on many sprinkler 
systems . 

To start the flow of water, the control
ler or microcomputer in the control panel 
commands the transmitter to send a pro
grammed radio signal to the receivers. 

GATED PIPE ,~~~~ 

Figure 17. Gated pipes set at intervals across a field 
supply irrigation water to crop furrows. The automated 
system requires minimal labor and conserves energy. 
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The radio signal is then f orwarded t o t he 
servos, which respond by openi ng the pilot 
valves on the flow-cont rol valves . Water
filled rubber diaphrag ms in the appropr iate 
control valves are t hen defl ated, and irri
gation water is all owed t o pass t hroug h t he 
valves into the open gated pipes , which 
release the water into crop f urrows (F i g
ure 18). 

To stop the flow of wate r, t he rad io 
transmitter signals the pi l ot valves to in
flate the diaphragms with water from a tiny 
reservoir in the flow-contro l valves , and 
water flow through the gated pi pes i s 
halted. 

Currently, a radio- cont ro l system speci
fically designed f or use in i rr igation is 
not commercially av ai l able. Howeve r , many 

Figure 18. The water f low to this crop was activated by 
remote control, based on a preprogrammed irrigation 
schedule. 



of the concepts behind the development of 
the prototype have proved to be sound. If 
farmers generate sufficient demand for auto
mated gated-pipe systems, irrigation manu
facturers probably will make them available 
in a relatively short time. A promising 
modification to the automated system will 
be the use of electrical wiring rather than 
radio controls to transmit commands. 

Field Tests 

In field tests conducted near Kansas 
State University, an automated gated-pipe 
system was installed and successfully used 
to irrigate 150 acres of corn during two 
growing seasons on land belonging to a com
mercial farmer. The test results confirmed 
that automation allows for better control 
of irrigation timing and water distribution, 
leading to a significant increase in water 
application efficiency. 

Water application efficiencies averaged 
75% for the automated gated-pipe system com
pared to 60.% for convent i ona 1 methods of 
gravity flow irrigation. Water distribution 
efficiencies were also improved. 

Application Efficiencies 

Conventional Gated Pipe 60% 
Automated Gated Pipe 75% 

Improved water-application efficiencies 
translate into fuel savings for the farmer. 
Less fuel is consumed simply because less 
water is pumped to irrigate crops. Calcu
lations based on data from the field tests 
indicate that the automated system uses 
approximately 22% less electricity, diesel 
fuel, natural gas, or propane than a conven
tional system (Table 5). 

Labor and Energy Savings Through Automgtion 

Conventional gated-pipe systems have been 
in use for many years, but their labor 
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TABLE 5. Estimated Annual Equivalent Fuel 
Requirements 

Natural 
Electricity, Diesel, Gas, Propane, 

kWh ~ 1000 ftl gal 

Conventional 216,121 17,483 3,277 31,726 
Gated Pipe 

Automated 168,154 13,603 2,550 24,684 
Gated Pipe 

--
Savings 47,967 3,880 727 7,042 

requirements are relatively high. An irri
gator must manually open and close the gates 
of the pipeline, usually once every 12 or 
24 hours. Frequently, the changing of irri
gation sets is more suited to the farmer's 
work schedule than to the moisture needs of 
the crop. Prolonged and inflexible water 
applications result in inefficient, waste
ful irrigation. Labor is usually too costly 
or is not available to change irrigation 
sets often enough to obtain high levels of 
efficiency in water and energy use. 

Through automation, changes in irrigation 
sets can be made according to the moisture 
needs of the crop and without the constant 
attention of the irrigator. Automation 
reduces manpower requirements by an 
estimated 25% (Table 6). 

The lower labor and fuel requirements of 
the gated-pipe irrigation system substant
ially reduce its operating costs compared 
to a conventional system, even though repair 
costs for the automated system are slightly 
higher (Table 7). 

An automated gated-pipe irrigation sys
tem capable of irrigating 150 acres costs 
approximately $37,000 when purchased new. 
This is less than for a center pivot. Reg
ular gated-pipe systems, in contrast, cost 
about $15,000. If land leveling is neces
sary, the costs for both automated and 



:::.li1·/enti anal gated-pipe systems will in
crease. The payback period for the auto
mated system depends on fuel and labor 
expenses on the farm where it is installed. 

TABLE 6. Annual Labor Requirements for Four 
Complete Irrigations of a lSD-Acre Site 

Man hours 

Prepara- Opera- laborl 
System tion tion Total Acre 

Conventional 64 114 178 1.2 
Gated Pipe 
(2600-ft run) 

Automated 80 57 137 0.9 
Gated Pipe 
(1600-ft run) 
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TABLE 7. Annual System Operating Costs for 150 Acres· 

Fuel Used 

Diesel Natural Gas 
Electricity ($1.201 ($2.501 Propane 
(6¢/kWh) gal) 1000 ft2) (70¢ gal) 

Automated $12,501 $18,736 $ 8,787 $19,691 
Gated Pipe 

Conventional 14,438 22,451 9,664 23,679 
Gated··Pipe 

Center·Pivot 15,647 23,461 10,991 24,658 

• Annual operating costs are the sum of annual labor, 
fuel, and repair costs. labor is prices at $6/hr, fuel at 
the prices indicated, and repairs at 1.5% of original 
component prices for the conventional gated-pipe sys
tem and 5.5% of original component prices for the 
automated gated-pipe and center-pivot systems. 





DEFINITIONS 

Actual well the vertical difference (in feet) between the water level in a well when 

drawdown the pump is off and the water level when the pump is on. 

Application head the amount of force necessary to pressurize an irrigation system. 

Aquifer a water storage and supply medium. 

Pumping head the vertical distance (in feet) between field le~el and the water level 

in a well when the pump is off. 

Specific capacity a performance measurement for a well which is calculated as the ratio of 

well flow rate to actual well drawdown. 

Theoretical well the drawdown that would occur in a well if well efficiency drawdown were 

100% and dravldown were determined totally by aquifer characteristics. 

Total operating 

head 

U nconso 1 i dated 

aquifer 

the force exerted by a column of water of a given depth. For irrigation, 

it is the sum of well head, pumping head, and application head. 

an aquifer in which the material surrounding the aquifer is not cemented 

together. An aquifer surrounded by sandy soil is an example of an uncon

solidated aquifer, whereas one surrounded by sandstone is not. 

water application the ratio of the amount of water stored in the crop root zone to the 

efficiency amount of water applied. It is a measurement of the amount of water that 

is actually made available to the crop and is not lost in runoff, evapo

ration, or deep percolation. 

Water distribu

tion efficiency 

Well efficiency 

Well head 

a measurement of the variance in the average depth of applied irrigation 

water. It is calculated by subtracting from 1 the ratio of the average 

deviation in stored water depth to the average stored water depth and then 

by multiplying by 100. 

a measurement of the efficiency of a well in providing water for pumping. 
Well efficiency is calculated by dividing the ratio of flow rate to actual 

drawdown by the ratio of flow rate to theoretical drawdown and 

multiplying by 100. 

the amount of force required to overcome well drawdown. 
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TECHNICAL INFORMATION RESOURCES 

The following firms and universities helped develop the energy-conserving irrigation 
equipment and systems discussed in this brochure. Funding and technical guidance were 
provi ded by the Dep artment of Energ.y. 

Low-Energy Precision Application (LEPA) 
Texas Agricultural Experiment Station 
The Texas A&M University System 
Route 3 
Lubbock, TX 79401 

Will i am M. Ly 1 e 
(806) 889- 3315 

Computerized Scheduling 
J. M. Lord, Inc. 
1685 E Street, Suite 109 
Fres'no, CA 93706 

Joe Lord 
(209) 268-9755 

Reduced-Pressure Irrigation 
The University of Nebraska--Lincoln 
Agricultural Enginering Building, 
East Campus 
Lincoln, NB 68583 

James R. Gilley 
(402) 472-1637 

We 11 Development 
Staples Area Vocational Technical 

Institute 
Irrigation Center 
Central Minnesota Demonstration 
Research Irrigation Farm 
Staples, MN 56479 

Thomas O. Kajer 
(218) 894-2430 
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Automated Gated Pipe 
Kansas State University 
Department of Agricultural Engineering 
Seaton Hall 
Manhatten, KS 66506 

Harry L. Manges 
(913) 532- 5580 

For more information, write or call: 

Department of Energy 
Office of Industrial Programs 
Forrestal Building 
Washington, D.C. 20585 

William Son nett 
Program Manager 
(202) 252-2076 

Mary Corrigan 
Program Manager 
(202) 252-2075 




