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An Irrigation System consists of four important components that are inter-related.   They are; 
 
1) Well 
2) Pumping Plant 
3) Irrigation System 
 
A fourth constraint would be the field’s water rights.   In Kansas a water right consists of a place of 
use (acres) or footprint that the water can be applied to, a maximum allowed flow rate (gpm), and 
Allotment or volume of water that is allowed to be pumped in a season (Acre-Ft) 

 
Good design and operation must consider all three components to meet the crop water needs with 
the most efficient energy and resource management and stay within the parameters of the water 
right. 

 
This Integrated Evaluation approach is based on 10 years of field testing for the NRCS Conservation 
Stewardship Program’s WQT-03 Pumping Plant Evaluation.  Their test is a starting point.   If it was 
also the end point then important inter-relationships would be missed.   For example if the 
pumping plant is found to have a high efficiency but is not supplying the correct pressure and flow 
rate as required by the pivot package design then there is a misfit.   If it is pumping more than the 
well’s sustainable yield then another misfit is occurring. 
 

 
 
Schematic of Irrigation System Components 
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Well Performance 
The well is a hydraulic structure that intercepts the groundwater aquifer to provide the irrigation 
system designed flow rate or Irrigation System Capacity, defined as the flow rate-gpm/acre.  This 
ratio multiplied by 0.05 gives the inches applied per each acre in a 24 hour operation.   This can be 
compared to Crop ET.   
The well performance characteristic is the Specific Capacity, measured in gpm/drawdown.  
Drawdown is the difference between Static and Pumping water levels. 
 
< 5 Poor 
5-10 Fair 
10-20 OK 
20-50 Good 
>50 Excellent 
 
Compare this to your well drillers report when the well was constructed if they did a well 
performance test.   
 
Also important is to evaluate if the well has additional flow rate (especially if difficulty meeting crop 
water needs), or if it is being over-pumped.  Pumping water level should not be very far below the 
top of the well screen nor too close to the bottom of the well.  The Driller’s well log will provide 
these criteria.   If the operating pressure of the irrigation system is fluctuating or pumping a lot of 
air this is an indication that the well is being pumped for more water than it can sustain. 
 
Current Static water level should be compared to the new well’s static water level to see how much 
the groundwater conditions have changed. 
 
A description of the NRCS test is found below. 
 
Pumping Plant Performance 
The Nebraska Pumping Plant Performance Criteria, NPPPC provides an accurate assessment of how 
good the conversion of energy is from electricity, natural gas or diesel.  Using your actual energy 
used for a given volume of water pumped (acre-inches) to what the NPPPC estimates should be 
your energy consumption, is a helpful comparison to determine whether improvements should be 
considered.  This NPPPC portion of the evaluation assumes a pump efficiency (WHP/BHP) of 75% 
and an electric motor efficiency (BHP/MHP) of 88% for an overall efficiency of 66%. 
 
Water Horsepower, WHP, is the useful work done by the pumping plant and should meet the 
design requirements of the irrigation system.   It is the product of the flow rate being pumped, and 
the TDH, total dynamic head, or pressure developed at the pump location in the well at the bottom 
of the column pipe.  The TDH is the sum  of the pumping water level, pressure at the discharge and 
minor losses. 
 
Brake Horsepower, BHP, is the pump’s rotational shaft power that is demanded by the pump 
impellers at a specific rpm.  Motor Horsepower, MHP, is the input energy measured by the electric 
company’s power meter if an electric motor or the hourly consumption of natural gas or diesel if an 
engine. 
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Irrigation System 
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A sprinkler package is designed for a specific Flow Rate-gpm and Pressure-psi at the top of the pivot 
riser.   The Pumping plant must be able to provide this minimum pressure and the well must be 
able to sustain the flow rate. 
 
If the pressure is not sufficient expect uniformity of application problems, especially in the higher 
elevations of the center pivot system.   Not applying the same amount of water in all parts of the 
field is not a good situation.   Low pressure operation of center pivots is a common occurrence.   
With today’s technology consider monitoring the end tower pressure as it makes a revolution. 
 
Most pivot packages use pressure regulators to provide uniform pressure to the individual 
sprinkler’s nozzle, especially important if the field has more than 5 ft. of elevation difference.   
Manufacturers require that the minimum input pressure for the regulator is 5 psi more than the 
rated psi setting.   Often there is sufficient pressure for the regulators at the pivot, but not at the 
end of the system that irrigates a significant area of the field.  This is due to elevation rises from the 
pivot and friction loss down the pivot lateral (5-15 psi).   One psi is equal to 2.3 ft. of elevation.    
Pressure measured at the base of the pivot will always be 5-6 psi less than the top of the pivot. 
 
A sample evaluation will help understand the details.   It is a typical center pivot in central Kansas 
with a new well on the north side of the field and a new electrical pumping plant.  It has a new 
pivot sprinkler package of R-3000 Rotators with an orange pad, 20 psi regulators designed for 800 
gpm at 33 psi on top of the pivot.   The drop height is 7-8 ft.   Spacing of drops are every other 
outlet from Pivot to Tower 4, then every outlet (9-10 ft.).   There is no end gun.   The well and pump 
are located about 1300 ft. north of the pivot.  Underground mainline is 8”-80 psi PVC PIP.   There is 
roughly a 34 ft. elevation difference between the highest and lowest end tower track.   The Pivot 
has an AgSense with pressure transducer. 
 
Water Duty or Water Use Efficiency 
Water Duty can be defined as the yield (Bushels/acre for corn / inch of irrigation applied. 
 
This field averaged just under 200 bushels/acre and had an average 15 inches or irrigation, resulting 
in a Water Duty of 13.3. 
 
A PDF of the yield in 2019 is as follows.   Notice the difference in yield between the NW and SE 
quadrants.  Something is going on to reduce yield, 30-40 B/acre from its potential. 
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Details make a difference.   An explanation of the measured data and analysis going down the 
spreadsheet column of the test conditions is as follows. 
 
Flow Rate – gpm.  Both the McCrometer needle reading and 10 minute volumetric test are 
displayed to make sure the needle reading is accurate.    This flow rate should be compared to the 
Design Package flow and pressure.   In this case the flow rate is down 40 gpm due to low pressures.   
The orientation of the pivot during the test was to the south alongside the pivot access road. 
 
Pressures at the pump, base of pivot, and calculated top of pivot are provided.   Each 2.3 ft. in 
elevation is 1 psi.   Therefore base of pivot pressure should be 6 psi more than the top of pivot.   It 
is important to note that the top of pivot pressure is what the Design is based on.   In our case 33 
psi is required by the design, yet there is only 24 psi on top of pivot, thus we expect low pressure 
caused uniformity problems. 
 
 
Following is the AgSense graph for an early august irrigation showing the location (angle) and end 
tower pressure.   For 20 psi regulators 25 psi is required at the end tower.  It never reached that 
even in low elevation area of field to the SE. 
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Well log from 2018.    Test pumped at 1000 gpm at 118 ft. pumping water level.   Checked in August 
2018 at 830 gpm and 159 ft. pumping and only 32 psi at pump discharge.  Check where the screens 
are located and how this relates to the tested pumping water level. 
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The pump is a new Goulds 4-stage, 8.44” diameter, a B+ trim, installed in 2018.   Designed for 800 
gpm with TDH = 252 ft. and 58 Brake HP demand.  
 
It was tested at 190 ft. TDH at 769 gpm.   The curve predicts a TDH of 268 ft. (67 ft/stage), so there 
is quite a variance.   The curve also predicts a Brake HP of 56 total (14 BHP/stage).   According to 
the test of the motor it is pulling just under (71, 70, 71) the full load amps, FLA on the nameplate of 
74.5. 
 
The overall efficiency is calculated at 53%, not very good compared to the Nebraska Standard of 
66%. 
 
End tower pressure is estimated for the worst case of lowest pressure to make sure there is still 
sufficient pressure for even irrigation, wherever the pivot is located.    Using Google Earth the 
elevations around the end tower track is noted and compared to the pivot elevation to obtain the 
largest uphill difference.   
 
Well performance is determined from the Specific Capacity (gpm/ft. of drawdown (Pumping-
Static)).   This can be compared to the historical performance tested when the well was drilled or 
more recent pumping plant evaluations. 
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There are two methods to determine the Motor HP.   The electrical service meter can often be used 
to measure the flow rate of electrical energy to the motor.   The meter face gives the meter 
characteristics of Kh and if lucky you can measure the time in seconds to complete 10 wheel 
revolutions.   If the meter is not measuring the full energy then there is a multiplier that must be 
used.  Often the Meter Kilowatt Demand is also listed as the meter monitor rotates through the 
different screens. 
 
Meter MHP = 10 revolutions * Kh*4.82 / seconds for 10 revolutions.    
 
A second estimate is the following based on the 3 phase amps and voltage tested at the motor 
panel.   Remember that the Meter is measuring all energy being delivered such as tower motors 
and end gun booster pumps.   For just the pump MHP these minor motors should be subtracted.   
 
Equation MHP = average amps * average volts * (3)^0.5 * Power Factor (0.85 estimate) / 746 
 
The overall efficiency can now be calculated as the ratio of WHP/MHP. 
 
It is also good to check the 3 phase line amperages for overload and imbalance.   If there is more 
than 7-10% difference in the amperages there would be concern for motor life. 
 
Water rights are summarized for the particular well as a reference point and to make sure flow 
rates are within the permit allowance. 
 
To estimate energy costs per year it is necessary to calculate the total operating hours to apply the 
allocation.  The operating hours are determined at the tested flow rate and the pivot’s irrigated 
acreage.   It assumes full use of the water right in a hot dry summer. 
 
Future Projections 
 
The second column on the analysis spreadsheet is a prediction of any changes (flow rates, sprinkler 
package design) or improvements (bringing up overall efficiency to Nebraska Standard) and what 
the impact on energy consumption would be compared to the AS IS conditions tested.   An 
adjustment should be made in this case as the AS IS was not at sufficient pressure.   
 
This would improve the annual potential savings by increasing the AS IS conditions to have 
sufficient pressure as a new design would have to have, a level playing field.   Notice on the test 
that the end tower pressure was estimated to be 12 psi low in the highest elevation of the field.  
This would add 28 ft. to the TDH tested or 15% more energy consumption.  So the AS IS energy cost 
would increase from $8,472 to $9,743, resulting in an annual savings of $2,613. 
 
The final 4 lines are for possible REAP-EEI grant application from the USDA Rural Development 
agency.   The adjusted energy savings would be 27% and 74,500,000 BTU. 
 


