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Presidentôs Message 

 
Dear USCID Members, 
 
What an inspiring and successful Fall Conference we enjoyed this year! From 
October 21ï24 in Reno Nevada, where nearly 125 professionals gathered to explore 
all matters relating to irrigation and drainage. The engaging sessions, informative 
workshop, insightful field tour, and spirited discussions reminded us why USCID is a 
vital community for irrigation and drainage leaders.  
 
A Heartfelt Thank You:  Thank you to every speaker, exhibitor, sponsor, and 
attendee. Your shared expertise, enthusiasm, and collaboration made this 
conference truly memorable. Special recognition goes to our dedicated volunteers 
and committee members whose efforts behind the scenes ensured everything ran 
smoothly. 
 
Save the Date ï Fall 2026 Conference:  Weôre thrilled to announce that USCIDôs 
2026 Conference will be held October20ï23, 2026, at the Eldorado Resort Casino in 
Reno, Nevada. Please mark your calendarsðwe look forward to gathering in the 
Sierra Nevada foothills for another inspiring event.  
 
New: Half Day Workshop for Irrigation Districts:  Building on feedback and needs 
from our members and attendees, weôre introducing a new half-day workshop 
designed specifically to support irrigation district staff. This interactive session will 

cover practical topicsðranging from infrastructure management and regulatory 
compliance to workforce development and best practices. More details will be 
shared early next year. 

Continued on page 2 
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Seeking 2026 Planning Committee Volunteers:  To make this workshopðand the full conferenceð
as impactful as possible, we need your help. If youôd like to serve on the 2026 Planning 
Committee, please reach out by January 31, 2026. Your perspectives and expertise are invaluable 
in shaping the agenda and ensuring we deliver maximum value to irrigators and district personnel. 
 
Start Thinking About 2026 Presentations:  The Call for Abstracts for our 2026 Conference will be 
released in early 2026, with abstract submission deadline around March 15th. I encourage you to 
consider submitting a proposalðwhether technical research, case studies, field innovations, or 
policy insights. Our community thrives on your real-world experience and new ideas. 
 
Thank you again for contributing to our shared mission of advancing sustainable, effective 
irrigation and drainage practices. I look forward to continuing our journey togetherðthrough 
volunteerism, knowledge-sharing, and community-buildingðover the coming year.   
 
Warm regards, 
Therese Ure Stix 
President 
U.S. Committee on Irrigation and Drainage (USCID) 
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Continued on next page  

IRRIGATION DISTRICT PUMPING WITH VFDS 
 

Charles M. Burt, Ph.D., P.E.
1
 

ABSTRACT 

Irrigation district pumping plants often utilize motors 
plus variable drive (VFD) controllers, which enable 
motors to operate over a range of RPMs. Compared to 
municipal systems, irrigation district pumping plants 
often have higher flow rates with a smaller elevation lift. 
Compared to typical on-farm irrigation systems which 
are usually dependent upon an irrigation or pump 
dealer, irrigation districts sometimes provide 
specifications for procurement. 
 
This paper discusses four related items which can be 
challenging in irrigation district VFD installations: 
¶ The pumps themselves 
¶ VFD specifications 
¶ Control logic 
¶ Lack of adherence to project specifications by 
contractors, pump manufacturers, suppliers and 
engineers 

PUMPS  

This section will briefly discuss specific items that 
commonly need to be considered  
in irrigation district applications:  
¶ Continuously rising pump curves  

¶ Steep rising (to the left) pump curves  

¶ Allowable operating range (AOR)  

¶ NPSHr and Submergence  
 
Irrigation districts often use pumps with relatively 
short pipelines, lifting from canal-to-canal, from 
drain-to-canal, and to/from canals and regulating 
reservoirs. There may be little friction ï most of the 
pressure requirement can be for elevation lift. A 
manufacturerôs pump curve for such a vertical 
pump is seen in Figure 1.  
 
 
 

1 I&D Science and Engr. Consultant. 171 Twin Ridge Dr., San Luis Obispo, CA 93405. 

805-748-3863 charlesmburt@gmail.com  

https://www.technoflo.com/
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The system curve (thick green) is relatively flat ï 
due to a short, large diameter discharge pipe plus 
no check valve (the discharge pipe drains upon 
shutoff), and a high lift (about 48 feet). The AOR 
designates the recommended minimum flow rate to 
be about 1.8 CFS, at an RPM of 880. The flow rate 
range is wide ï from a minimum of 1.8 CFS to a 
maximum of 10.4 CFS. Furthermore, the RPM 
range is reasonable ï from 1180 RPM to 880 RPM.  

 

The specifications for this project included details of 
required materials, dimensions, and hydraulic 
characteristics. The contractor submitted the pump 
curve below:  

 

 

 

 

 

 

 

 

 

 

 

 

The pump curve for Figure 3 was rejected for a 
number of reasons, including:  

¶ The ñsystem curveò goes through a TDH of 
zero, even though 

Continued on page 8  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This pump was selected for an application because the 
curve has the following desirable characteristics:  
¶ The efficiency is high at the maximum flow point 
(10.4 CFS).  
¶ The maximum flow point occurs on the ñright hand 
side of the efficiency curveò. With a VFD 
application, much of the time the pump may 
operate at lower flow rates so it is important to have 
a good efficiency over a wide range of flows.  
¶ The Net Positive Suction Head required (NPSHr) is 
low at the maximum flow rate (less than 20 feet), 
indicating that there will be no cavitation problems 
unless air is entrained.  
¶ The AOR (not labeled, but seen as a light red 
vertical line at about 2.75 CFS) is far to the left ï 
indicating that the pump can operate across a wide 
range of flows.  
¶ In small print at the bottom, the ANSI/HI 14.6 
acceptance grade is listed. Many pumps are 
purchased without any acceptance grade 
requirement. For the acceptance grade 2B (listed 
on the curve), design values are guaranteed within 
the following tolerances: Flow Ñ8%, Head Ñ5%, 
either Power +8% or Efficiency -5%. In this case, 
the acceptance grade was changed for the final 
specifications.  
¶  

 
Figure 2 shows how this particular pump should work 
once installed. Figure 2 adds pump curves at various 
RPMs, the AOR at those RPMs, and the system curve.  
 
 

 

 

IRRIGATION DISTRICT PUMPING WITH VFDS 
(Continued) 

Figure 1. Example pump curve. Flow rate is CFS.  Figure 2. Anticipated operation of the pump with a VFD.  

Figure 3. Curve submitted by the contractor and pump company.  
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Morals of the story:  

1. You can specify great performance, but do 
not assume that the pump suppliers will follow 
the specifications.  

2. As an engineer, do not completely depend 
upon a pump companyôs recommendation 
unless you know the person you are talking 
to, and have full confidence in that personôs 
technical abilities (related to pumps) and 
ethics.  

3. This is not an isolated incident. I see it over 
and over again. Even in this case, the curve 
seen in Figure 1 and the associated technical 
specs (not shown) were the result of going 
back and forth with the manufacturer four 
times ï and I began those discussions with 
knowledge of their curves and with very 
specific requests.  

4. Imagine what you can get if you do not 
specify performance and materials details.  

 

VARIABLE FREQUENCY DRIVES (VFDS)  

The morals of the story for VFD drives are the 
same as they are for pumps and motors. Rather 
than provide a comparison example as was done 
above for pumps, the following will discuss a few 
critical items that are often overlooked and/or 
under-appreciated. More details of VFD and motor 
specifications can be found at https://www.itrc.org/
VFD/index.html  

 

What is a VFD?  

Simplistically, a ñVFD controllerò is a box with 
electronics that converts alternating current (AC), 
to direct current (DC), and back to a simulated AC 
but with a different and adjustable frequency  (e.g., 
45 Hz rather than the incoming 60 Hz).  A motor 
RPM changes as its incoming Hz changes.    The 
VFD controller requires numerous auxiliary 
equipment items such as enclosures, air 
conditioning, harmonic mitigation, and surge 
protection devices.  The total package is a VFD 
system. 
 

 

 

IRRIGATION DISTRICT PUMPING WITH VFDS 
(Continued) 

values of the system curve were provided. 
Because pump manufacturer software usually 
enables an engineer to show the system curve, 
this is a warning that perhaps the pump company 
representative did not understand VFD 
applications  

¶ The efficiency was lower than specified, and the 
highest flow rate was not on the ñright hand side of 
the efficiency curveò.  

¶ The AOR is about 2100 GPM (4.6 CFS), rather 
than 2.75 on the specifications. Figure 4 shows 
that the AOR meets the system curve at about 3.9 
CFS, compared to 1.8 CFS on the specified pump.  

¶ The curve is too flat ï which means a very small 
change in RPM produces a large change in flow 
rate.  

¶ But the biggest problem is the ñdipò in the curve, 
even though it was explicitly stated that no dips or 
flat sections were allowed on the pump curve.  

 

Figure 4 shows that at about 1015 RPM, the pump curve 

crosses the system curve twice. The flow rate could 

violently and repeatedly shift by about 1.5 CFS, 

damaging the system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Continued on next page 

Figure 4. Predicted operation of the submitted pump in the system.  

https://www.itrc.org/VFD/index.html
https://www.itrc.org/VFD/index.html
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IRRIGATION DISTRICT PUMPING WITH VFDS 
(Continued) 

Continued on next page 

Cooling  

Overheating can be a major problem. First, the 
temperature rating of the VFD should be at least  50 
degrees C (122 deg F). But if one considers the sum of:  

¶ the outside air temperature,  

¶ inefficiencies of the VFD itself,  

¶ inefficiencies of the auxiliary protection equipment 
such as harmonic mitigation and surge protection,  

¶ heating due to direct sunlight, 

it should be obvious that the temperature rating can be 
quickly exceeded. So what can be done?  

1. Specify a reasonably high (96.5%) VFD 
efficiency. Inefficiency shows up as heat.  

2. Specify a reasonably high (93%) overall VFD 
system efficiency.  

3. Put the heat-producing auxiliary protection 
equipment in a separate enclosure; the 
temperature rating of that equipment is typically 

higher than that of the VFD. This is almost 
never done ï not because it is bad; it is just 
not a common configuration and falls 
outside of what a supplier may think is 
needed.  

4. If the enclosure is exposed to sunlight, paint 
it white and be sure that there are several 
inches of clear space all around the 
enclosure (in other words, do not hang it 
directly in contact with a backboard). Better 
yet, shade the whole unit.  

5. Do NOT bring outdoor air into the VFD 
panel. This is common, but filters may not 
get changed frequently enough if at all, 
filters are sometimes located near the dusty 
ground surface, and VFD electronics are 
extremely sensitive to dust. Instead, use 
heat sinks to convey the heat outside the 
enclosure. But in the desert heat, relying on 
hot air for cooling in insufficient. 

http://www.mbkengineers.com/
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IRRIGATION DISTRICT PUMPING WITH VFDS 
(Continued) 

6. Use air conditioning on the enclosures 
themselves, or place the enclosures in an 
air conditioned building. If they are inside 
an air conditioned building, drawing air 
from within the building into the VFD 
enclosure and expelling it through an 
exhaust port is fine ï assuming there are 
clearly marked air filters on the 
enclosures and replacement filter 
elements. An internal fan is usually 
needed to move the clean air through an 
enclosure.  

 

Sizing  

Perhaps the second most common error is that 
VFD systems are under-sized.  For example, a 
100 HP VFD system is too small for a 100 HP 
motor.  The 100 HP motor is based on the 
motorôs OUTPUT HP, but the VFD must be sized 
large enough for the motor INPUT amps. 
Usually, the full load amps (FLA) listed on the 
nametag of a motor is used as a reference. 
 
Although it is common to find pump motors with 
an overload of 5-10%, it is considered unwise to 
have any overload with VFD applications.  

 

AUTOMATIC CONTROL OF VFD SPEED 

CHANGES  

VFD systems usually have a small built-in 
programmable logic controller that allows the 
user to input simple control variables. For 
example, the user can input variables such as 
the ramp time (how quickly an RPM change can 
be made), minimum RPM, maximum RPM, and 
frequency of actions. They commonly provide for 
a pressure transducer input so that a pump 
discharge pressure can be automatically 
measured and then maintained at a target value.  

Irrigation district applications are often more 
complex than maintaining a pressure in a 
pipeline. Automation may be desired to maintain 
a water level in a canal, or in a reservoir. With a 
canal, there are other considerations such as 
time lag and the resonance of the canal itself ï 
inappropriate speed changes can cause 
instability, with the formation of damaging waves 
moving up and down the canal.  

To automate pumps for complex canal operation, an 
additional programmable logic controller is needed. The 
PIF (Proportional Integral with Filter) is an effective control 
algorithm if it is tuned properly. That tuning is done with an 
unsteady canal simulation program. A complete 
description of the PIF algorithm and the tuning is beyond 
the scope of this presentation. However, the specific way 
that pump control fits in is described as follows:  

1. A canal pool that a pumping station supplies is 
simulated to define resonance characteristics, plus 
how a flow rate imbalance (into versus out of the 
pool) appears in the form of a water level change.  

2.These two pieces of information are placed into a 
separate algorithm tuning program for PIF variables.  

3.The result in the field is that at every control 
timestep, the PIF control algorithm computes if there 
should be a change in flow rate and its magnitude. 
Such a change is based on whether the water level is 
high or low, by how much, the direction of water level 
movement, and resonance characteristics of the 
pool.  

The important point is that the control algorithm computes 
a required change in flow rate from the pumps. Two ways 
to do this are:  

1. Use a flow rate meter input, and change a pump 
speed until the correct new flow rate is established. 
A problem is that most of the electronic flow meters 
need to average values for several minutes, 
whereas the control timestep is usually only one or 
two minutes. In other words, there is too much lag 
time and uncertainty.  

2. Use the knowledge of the pump curves and system 
curves to define the relationship between a change 

Continued on page 12 
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