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Farmers are used to managing
many variables. They have to choose
from many crop varieties, herbicides,
insecticides, fertilizers, and tillage
methods. They must determine the
proper rate and timing of irrigation ap-
plications while dealing with changing
weather, varying soils and fluctuating
markets. Many long-term decisions,
such as selecting a sprinkler package
for a center-pivot system, are more
complicated now since industry has
developed many options. These op-
tions can make possible very efficient
irrigation systems, but also can be a
wasteful and costly choice if used
under the wrong conditions. Low pres-
sure sprinkler packages have become
popular since low pressure require-
ments can minimize pumping costs.

While many properly designed and
operated sprinkler packages have high
application efficiencies, there has been
a trend to place nozzles into the crop
canopy and in some cases very close
to the ground in order to eliminate
most evaporation, drift losses, and
canopy evaporation. Reducing the
pressure and lowering the discharge
point, however, has a distinct disad-
vantage in that this reduces the wetted
diameter and increases the instanta-
neous application rate. The application
rate for many low pressure systems
greatly exceeds the soil intake rate
and, unless sufficient surface storage is
available to hold the water, water
movement will occur. Water move-
ment within the field and water move-
ment off the field as runoff both re-
duce irrigation efficiency. Irrigators

are combating this problem by:
1. decreasing irrigation capacity;
2. decreasing application depth, and
3. increasing surface storage using ap-
propriate residue and tillage manage-
ment systems. However, there are lim-
itations. Decreasing capacity, for
example, raises the risk of crop water
stress and yield loss if capacity falls
too much below seasonal peak crop
water use rates, especially on low
water holding capacity soils. Decreas-
ing application depth requires more
frequent applications, so increased
canopy and soil surface evaporation
losses occur. Great dependence on sur-
face storage can also be a problem if
tillage and residue management pro-
grams fail due to large rainfall events
or cannot be placed due to weather
conditions.

It is very important to select the
sprinkler packages appropriately.
Many types of sprinkler heads can be
mounted in a variety of positions, with
or without regulators, and using one of
several splash pads. Mixing and
matching these options means hun-
dreds of sprinkler package options are
available.

Runoff control should be a very im-
portant selection criteria. Evaporation
and drift losses seem to be the major
concern of irrigators; however, runoff
can be a much greater loss if the sprin-
kler package is poorly matched to soil
and capacity conditions and therefore
should be the major concern. Predic-
tion of runoff for various conditions
can help an irrigator select an appro-
priate sprinkler package.

Table 1. Example Printout from CPNOZZLE'S Potential Runoff Analysis

PERCENT POTENTIAL RUNOFF
0.1 SCS Intake Family

System Length   Wetted Radius   Surface Storage   900 gpm   1000gpm   1100gpm
feet feet inches
128 30 0.5 0.0% 0.0% 0.0%
256 30 0.5 0.0% 0.0% 0.0%
384 30 0.5 0.0% 0.0% 0.0%
512 30 0.5 0.0% 0.0% 0.0%
640 30 0.5 0.0% 0.0% 0.9%
768 30 0.5 0.6% 2.4% 3.9%
896 30 0.5 3.2% 4.9% 6.3%

1024 30 0.5 5.3% 6.9% 8.3%
1152 30 0.5 7.1% 8.6% 10.0%
1280 30 0.5 8.6% 10.2% 11.5%

Weighted Average Potential Runoff 3.4% 4.5% 5.6%

Hour per revolution 59 53 49

1.0 in application amount, 1280 feet system length



CPNOZZLE
CPNOZZLE is a computer program

developed by the Northeast Research
and Extension Center in Concord, Ne-
braska, to quickly and easily determine
potential runoff and its economic im-
pact for center-pivot irrigation sys-
tems. This program is a valuable tool
in making package selections and sys-
tem design decisions. CPNOZZLE of-
fers two different analyses, the poten-
tial runoff analysis and the energy
savings analysis.

Potential Runoff Analysis. This
determines potential runoff for a given
system. It requires the user to enter in-
formation about the system length, the
surface storage value or the field slope,
the radius-of-throw of the sprinkler
package, the application depth, the
system output (capacity), and the Soil
Conservation Service (SCS) Soil In-
take Family. Once these values are de-
termined and entered into CPNOZ-
ZLE, the program provides three
output tables. These tables coincide
with three different SCS Soil Intake
Families. The table for each Soil In-
take Family contains information for
three system outputs (capacities) and
ten distances from the pivot point,
with the sprinkler wetted radius and
the soil surface storage. The potential
runoff percentage is given for each of
these conditions. The weighted aver-
age potential runoff for the system is
given at the bottom of the table. The
application depth and system length
are also noted below each table. CP-
NOZZLE will then offer to display in-
take and application rate curves.
Table 1 shows an example of the in-
formation provided by CPNOZZLE.

Energy Savings Analysis. The en-
ergy savings analysis requires the
same inputs as listed above along with
pumping lift, pivot operating pressure,
and system efficiency. The analysis
then provides two output tables show-
ing the possible savings under various
operating conditions and the system
setup before and after changes to the
center-pivot. Since this paper focuses
on potential runoff, no examples of
this option are shown.

Figure 1. Predicted Irrigation Runoff Potential for Various System Capacities and
Wetted Radius. Storage-0.1 in., App. Amt.-1.0 in., Intake Family-0.1, System
Length-1,280ft.

CPNOZZLE VARIABLES
Not everyone owns or has access to

a computer; therefore, a series of
figures have been developed to pro-
vide the information from CPNOZ-
ZLE’s Potential Runoff Analysis. For
the purpose of limiting the number of
figures required, several variables have
been held constant or omitted.

System Length. The system length
was held constant at a common length
of 1,280 feet. The extension publica-
tion “Large Acreage Center Pivots”
discusses half-mile center pivot sys-
tems. CPNOZZLE provides potential
runoff percentages at ten different dis-
tances along the system length and
also gives a weighted average poten-
tial runoff percentage for the entire
system. Remember there will be runoff
percentages along the system that are
much higher than the weighted aver-
age potential runoff which was used to
draw the figures.

was performed. If the runoff percent-
age with the 1.0-inch application
amount was excessive, then the lower
application amount was used to gener-
ate a new series of runoff curves.
However, if the initial runoff percent-
age was low, another series of curves
using a 1.5-inch application amount
were developed. Runoff, for the pur-
poses of this bulletin, was defined as
excessive when the weighted average
was greater than 5 percent. However,
when selecting a sprinkler package,
the preferred package design should be
for no runoff. Unacceptable levels of
runoff can occur at the outer edge even
with a low overall weighted average.

Surface Storage. The available
surface storage choices on CPNOZ-
ZLE are 0.0, 0.1, 0.3, and 0.5 inches
which coincide with field slopes of
>5 percent, 3-5 percent, l-3 percent,
and 0-l percent, respectively. The
0.0 inch surface storage (>5 percent
field slope) has been omitted for the
purpose of limiting the number of
figures.

SCS Soil Intake Family. The
available soil intake families on CP-
NOZZLE include 0.1, 0.3, 0.5, 1.0,
1.5, and 2.0. Again, to limit the num-
ber of figures, the 1.5 and 2.0 soil in-
take families have been omitted since
their percentage of runoff is low for
most of the different system configura-
tions. Figures are provided for the 0.1,
0.3, 0.5, and 1.0 soil intake families.

RESULTS
The runoff analyses are shown

for the standard length pivot in Fig-
ures 1 through 19 and are organized
first by the soil intake family, and then
by surface storage value.

Application Amount. The initial SCS Soil Intake Family 0.1. Fig-
application amount was 1.0 inch. De- ures 1 through 6 illustrate the data ob-
pending on the percentage of runoff tained for the 0.1 soil intake family.
produced with the initial application Figure 1 shows results for the low sur-
amount, another run using either a face storage value of 0.1 inch. The
0.75- or 1.5-inch application amount only potential runoff values for this



surface storage value that are close to
acceptable occur at the low system ca-
pacity value and the high radius-of-
throw value. Since predicted runoff
was excessive, the results for an appli-
cation amount of 0.75 inches are
shown in Figure 2. Reducing applica-
tion depth did increase the number of
capacity and radius-of-throw options,
but generally the only values close to
acceptable are for low capacity and
high radius-of-throw systems. For this
combination of soil intake family and
surface storage, the options for pack-
age selection and system design are
minimal.

If surface storage is 0.3, then sev-
eral package options, shown in Fig-
ure 3, with large wetted radius may be
possible for medium to low system ca-
pacities. By reducing the application
amount to 0.75 inch, shown in Fig-
ure 4, a system using a radius-of-throw
of 30 feet or greater will have an ac-
ceptable runoff percentage for most
system capacities. A system using a
radius-of-throw of 20 feet will have an
acceptable runoff percentage for sys-
tem capacities at or below 600 GPM.
System capacity would have to be lim-
ited to use most low radius-of-throw
nozzles. Low radius-of-throw values
of 5 and 10 feet are unacceptable for
this combination of surface storage
and soil intake family.

Increasing to a high surface storage
value of 0.5 inches and looking at the
1.0 inch application amount, Fig-
ure 5 shows that the radius-of-throws
of 30 feet or greater have acceptable
runoff percentages. The 20-foot ra-
dius-of-throw has acceptable runoff
percentages for system capacities of
700 GPM or less. The 5- and 10-foot
radius-of-throws have largely unac-
ceptable runoff values. Since a fair
number of wetted diameter options in
Figure 5 were identified, the appli-
cation amount was increased to
1.5 inches. However, Figure 6 shows
that this management option would
only have acceptable runoff percent-
ages occur at very limited system ca-
pacities and high radius-of-throws.
Figures 1 through 6 generally indicate
that for the soil intake family of 0.1,
the high radius-of-throw (high pres-
sure) systems would minimize runoff
potential and therefore would be re-
quired to have efficient irrigation.

Figure 2. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
0.75 in., Intake Family-0.1,
System Length-1,280ft.

Figure 3. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.0 in., Intake Family-0.1,
System Length-1,280ft.

Figure 4. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
0.75 in., Intake Family-0.1,
System Length-1,280ft.

Figure 5. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.5 in., App. Amt.-
1.0 in., Intake Family-0.1,
System Length-l,280 ft.

Figure 6. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.5 in., App. Amt.-
1.5 in., Intake Family-0.1,
System Length-1,280ft.



High pressure systems would be the
best choice when selecting packages
and designing systems for fields with
this soil intake family.

SCS Soil Intake Family 0.3. Fig-
ures 7 through 12 show predicted
runoff for 0.3 soil intake family soils.
Figure 7 shows that for the low surface
storage (0.1 inch) only the very high
radius-of-throws will provide accept-
able potential runoff percentages with
high irrigation capacity. The 60- and
70-foot radius-of-throw lines are not
shown; however, the 50-foot radius-
of-throw is acceptable at capacities
less than 800 GPM. Thirty- and
40-foot radius-of-throws may have ap-
plications with low system capacities.
Figure 8 again illustrates that reducing
application depth will allow use of
lower pressure systems under more
capacity conditions. Figure 9 shows
that with medium surface storage
(0.3 inch), 30-foot or greater radius-
of-throws would largely eliminate ex-
cessive runoff. Twenty-foot radius-of-
throws would be limited to capaci-
ties of less than 600 GPM. Fig-
ure 10 shows results with a 1.5-inch
application depth. Figures 11 and
12 show the potential runoff percent-
ages for the high surface storage
(0.5 inch) and indicate that, depending
on the application amount, smaller ra-
dius-of-throws can be used with larger
system capacities. Figure 11 shows us
that when using an application amount
of 1.0 inch on a field with high surface
storage, any radius-of-throw above
20 feet can be used with any of the
system capacities without worrying
about potential runoff. However, with
an increase in the application amount,
only the lower system capacities
(300-800 GPM) and the higher radius-
of-throws (30 feet or greater) can be
used without an unacceptable amount
of potential runoff (Figure 12).

SCS Soil Intake Family 0.5. Fig-
ures 13 through 16 illustrate runoff
predictions obtained for the 0.5 soil
intake family and show that increas-
ing soil intake properties increases
the sprinkler package options even
with high capacity. Since high intake
soils tend to have low holding capac-
ity, high capacity becomes more im-
portant. For the high-capacity systems,
the wetted radius should be 40 foot
or greater (Figure 13). Increasing

Figure 7. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
1.0 in., Intake Family–0.3,
System Length-l,280ft.

Figure 8. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
.75 in., Intake Family-0.3,
System Length-l,280 ft.

Figure 9. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.0 in., Intake Family-0.3,
System Length-l,280 ft.

Figure 10. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.5 in., Intake Family-0.3,
System Length-1,280ft.

Figure 11. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.5 in., App. Amt.-
1.0 in., Intake Family-0.3,
System Length-1,280ft



application depth (Figure 14) would
require wetted radius of over 50 feet at
very high capacity. Increasing surface
storage (Figures 15 and 16) has the
same effect as with lower intake fam-
ily soils in that a smaller wetted radius
can be used with additional capacities.
Although the 5 and 10 foot radius-of-
throws still produce generally unac-
ceptable runoff percentages.

SCS Soil Intake Family 1.0.
Figure 18 shows that for a high intake
soil (1.0 family) a wetted radius of
20 feet or greater can be used for any
capacity, even with low surface stor-
age (0.1 inch), and a 10-foot radius
package would be possible with lim-
ited capacity systems. Increasing sur-
face storage (Figure 18) illustrates a
condition where a 10-foot radius has
wider applications and the 5-foot ra-
dius could be used with limited runoff
problems for limited irrigation capac-
ity systems.

POTENTIAL RUNOFF
ALONG THE SYSTEM
LENGTH

The weighted average of the poten-
tial runoff percentages along the sys-
tem was used to create the figures.
The estimated potential runoff percent-
ages along the length of the system
increases with the distance from the
pivot point. Figure 19 shows the
potential runoff percentages for vari-
ous distances along a 1,280 foot sys-
tem using a surface storage value of
0.3 inch, a 1.0 inch application
amount, the 0.3 SCS Surface Intake
family, a 30-foot wetted radius, and a
600 GPM system capacity. This
corresponds to a data point from Fig-
ure 9. The potential runoff percentage
for these conditions is approximately
5 percent. Figure 19 shows that actual
runoff percentage values begin in-
creasing at 768 feet from the pivot
point and is estimated to be over
12 percent at the outer edge. This illus-
trates that while the series of figures
using the weighted average runoff are
useful as guidelines, they do not fully
represent all considerations associated
with managing runoff. Runoff control
problems are generally at the outer
edge of the system and estimating the
magnitude at this point would require

Figure 12. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.5 in., App. Amt.-
1.5 in., Intake Family-0.3,
System Length-1,280ft.

Figure 13. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
1.0 in., Intake Family-0.5,
System Length-l,280ft.

Figure 14. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
1.5 in., Intake Family-0.5,
System Length-l,280ft.

Figure 15. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.0 in., Intake Family-0.5,
System Length-1,280ft.



a full analysis. This analysis also as-
sumes uniform field conditions, there-
fore fields with slope or soil changes
are not adequately covered by a single
analysis.

SUMMARY
CPNOZZLE, a computer software

program that estimates irrigation
runoff, was used to develop a series of
runoff charts. Surface storage, soil in-
take, application depth, wetted radius
and system capacity were the variables
used for runoff predictions. As ex-
pected, tight soils with little surface
storage have high runoff potential,
even if system capacity is limited. For
these soils, sprinkler package and ca-
pacity options are limited. Options on
packages and irrigation capacity in-
crease with increasing soil intake and
surface storage. Results show, how-
ever, situations where runoff could be a
problem can exist under any sprinkler
package. Results presented are also for
the average weighted runoff for the en-
tire system. Unacceptable runoff
amounts may occur at the outer edges
of the system even if the over-all aver-
age is low. The model also assumes
uniform field conditions. Final design
and package selections must consider
individual field characteristics.

This material is based upon work sup-
ported by the U.S. Department of Agricul-
ture Cooperative State Research Service
under Agreement No. 93-34296-8454.

Any opinions, findings, conclusions or
recommendations expressed in this publi-
cation are those of the authors and do not
necessarily reflect the views of the U.S.
Department of Agriculture.

Figure 16. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.5 in., Intake Family-0.5,
System Length-l,280ft.

Figure 17. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.1 in., App. Amt.-
1.0 in., Intake Family-1.0,
System Length-1,280ft.

Figure 18. Predicted Irriga-
tion Runoff Potential for
Various System Capacities
and Wetted Radius. Stor-
age-0.3 in., App. Amt.-
1.0 in., Intake Family-1.0,
System Length-l,280ft.

Figure 19. Predicted Irriga-
tion Runoff Potential for
Various Distances Along the
System. Storage-0.3 in.,
App. Amt.-1.0 in., Intake
Family-0.3, Wetted Ra-
dius-20ft.
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