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ABSTRACT

The goal of this project is to analyze one of Teixeira and Sons irrigation pumping stations
in their water transportation system in order to update it with variable frequency drive
“VFD" capability. The pump station’s operating costs will be analyzed to see if updating
with VFDs could become more profitable and cost effective. The outcome of the
evaluation and specification proposal helped in making decisions on pump restorations,
energy use revisions and future capital investments regarding additional canal
automation. At the conclusion of this project Teixeira and Sons have decided to update
their first pumping station, out of three stations within the system, with variable
frequency drives due to the power savings that will be obtained. This step is a first
towards automating the entire water transportation system with more restorations to
come.
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INTRODUCTION

2ackground

Teixeira and Sons Farming is a privately owned farming company located in California’s
central San Joaquin Valley. Teixeira and Sons has been established for more than 40
years. They currently farm over 5,000 acres, which includes primarily row crops and
some almond orchards. Teixeira and Sons is continually looking for new and improved
ways to become more efficient and profitable throughout their company. When taking
efficiency and profitability into consideration Teixeira and Sons had identified an issue
within one of their irrigation pumping stations that needed improvement.

These improvements deal with their water transportation system within their Los Banos
ranch. This water transportation system is comprised of a series of three lift stations and
three canal waterways. The purpose of this water transportation system is to move water
from the lower section of the ranch out of the Delta Mendota Canal, to the upper section
of the ranch about three miles away.

The main reason Teixeira and Sons is concerned with the efficiency of this system relates
to the enormous cost to power these pumping stations and the liability in operating them.
Currently only the third pumping station out of the three is equipped with Variable
Frequency Drives (VFDs). One of the main expenses farmers encounter is energy cost.
Specifically for Teixeira and Sons, electricity is the power source that keeps their pumps
running. VFDs have been proven in an agricultural setting to lower energy costs and aid
in increase the efficiency of water transportation systems. This is why this senior project
will consider VFD integration.

Justificati~—

In order for Teixeira and Sons to remain as an efficient farming operation they will need
to maintain maximum efficiency and reliability at their pumping stations. To do this,
Teixeira and Sons needs to maximize their pumping plant efficiencies and power use for
their three lift stations in the water transportation system. This Senior project evaluated
the pump efficiency test results for the first pump station to determine if the pumps need
to be refurbished or updated with VFDs in order to make the pumps operate most
efficiently. Having an efficient and automated pumping system could result in decreased
energy and labor costs and save Teixeira and Sons money, while decreasing liability in
the long run.

(*jectives

The objective of this senior project was to perform an evaluation of Teixeira and Sons
number one lift station in their water transportation system. The goal of this senior
project was to analyze the benefit of updating the lift station with VFD controlled units.
The results from these modernizations could aid in decreased labor, decreased energy
consumption, increased efficiency and safety. This initial modification will be a first step
towards modernizing Teixeira and Sons entire water transportation system in the future.



LITERATURE REVIEW

Water Nelivory Syste=<

The Western United States, farmers, specifically in California, depend on surface water
storage and water transfers for agricultural irrigation practices. These intertwined storage
and delivery systems keep California’s agriculture industry alive. California has seen its
fair share of droughts and water delivery system restrictions in the past.

The environmental pressures and governmental shortcomings in understanding
California’s water related issues has made it hard for California farmers to carry out their
farming practices without tightening up their water conveyance systems and usage.
According to the Bureau of Reclamation “the increasing demands placed on the finite
supply of water in the west make improved water management and water-use efficiency
ever more important”(TSC 2014). With decreased surface water supply as a result of the
drought and environmental regulations, the price of water to grow crops in some areas
has risen depending on the district. Central California Irrigation Districts base allocation
fee went from $7.00 per acre-foot to $17.00 per acre-foot from 2013 to 2014. This is
almost a three-fold increase, but when compared to San Luis Water District, their
supplemental water supply went from $450.00 to $875.00 (Teixeira 2014). As you can
see, based on the district you are in there could be some hefty water prices for your crops.
With farmers paying more for water they need to find out other areas to save money, and
become more efficient in their operations to offset these increased water prices.

Energy Selection For Motors

The fuel source that powers pumps is a large expense for the growers, so maximizing the
efficiency is important. There are roughly five different fuel sources for pumping;
electricity, diesel, gasoline, propane, and natural gas. Each of these different fuel sources
has their benefits and drawbacks. Some potential advantages when using electricity is,
ease of operation, very low maintenance, very long life, can incorporate the use of solar-
PV cells to fully or partly power the system. Some disadvantages of using electricity,
may be expensive to install, requires 3-phase power lines, only runs at a single speed
without a variable frequency drive (VFD).

Using gasoline, natural gas or propane to operate pumps is not normally recommended
because of the fire hazard danger and noise pollution. On the other hand in regards to
natural gas it is relatively inexpensive. However, using diesel does have some
advantages. For example, diesel provides the ability to vary speed, fuel is easily
obtainable, and they are more efficient then a spark ignition engine. Some disadvantages
with using diesel are the noise pollution, fire hazard, continual maintenance required.



Pumps

Pumps are mechanical devices that impart energy to a fluid. Irrigation pumps lift water
from one elevation to a higher level. Pumps have to be able to impart enough energy on
the water to overcome friction losses during conveyance in order to provide pressure for
irrigation systems or any other operations in which they are needed. Irrigation pumps use
mechanical energy, usually from electric and diesel powered motors but may also use
gasoline, liquid petroleum gas, or natural gas to power motors. Pump may be classified
as positive displacement pumps or centrifugal pumps.

Positive Displa~~—~~t Pumps. According to an advisor from Pumpscout.com, positive
displacement pumps aiso known as PD pumps, move a liquid and pressurize it to allow it
to pass through the system by drawing the liquid into a chamber, then contracting the
chamber to force the liquid out of the pump at the necessary pressure to move through
the piping system. PD pumps do not have impellers, but rather rely on rotating or
reciprocating parts to directly push the liquid in an enclosed movable volume, until
enough pressure is built up to move the liquid into the discharge system.

Because it doesn’t rely on increasing the velocity of the fluid as the centrifugal pump
does by moving the liquid through the impeller, the fluid velocity inside a PD pump is
much lower than a centrifugal pump. This is often a desirable feature for certain
applications such as pumping fragile solids.

~~ntrifugal Pumr< According to an advisor from Pumpscout.com, centrifugal pumps
are the most common type of pump, with dozen of different configurations available
including: fire pumps, end suction pumps, chopper pumps, grinder pumps, magnetic
drive pumps well pumps. Centrifugal pumps use one or more impellers, which attach to
and rotate with the shaft, providing the energy that moves liquid through the pump and
pressurizes the liquid to move it through the piping system.

Centrifugal pumps are usually the best choice for lower viscosity (thin) liquids and high
flow rates. They are also used in many residential, commercial, industrial, and municipal
applications. Multi-stage centrifugal pumps have more than one impeller, and are used
for applications that require higher pressure or head.

Impeller Designs

..iere are many different impeller designs for different pumping needs. Impellers used
in water pumping operations typically have three different structural designs, open,
closed, and semi-open impellers. Each style has its specific primary uses and operation
environment.















Pu—~~ Testing

Pump efficiency testing is very important in determining the efficiency of a pumping
plant and monitoring the energy usage to minimize the pumping costs. Periodic pump
testing is necessary to monitor performance and is an accurate way of understanding how
the system is being operated. Having the ability to anticipate which pumps will need
maintenance instead of waiting for a complete pump failure is very beneficial. Pump
efficiency testing is relatively simple and most of the time cost effective.

Wkt Is A Pump Efficiency T=<*. A pump test measures important aspects of the
pump’s operation including “flow, discharge pressure, well lift (if applicable) and power
use. The end result of a pump test is an estimate of the overall efficiency of the pump
and the cost of running it under the conditions of the test” (CEE 2011). In analyzing the
results from a pump test an individual can evaluate if they need to revamp their pump or
motor based on the condition and see if the modifications will make economical sense in
the long run to yield lower energy and service costs.

Pum= Te-t~=<. Pump testing is available from (Rain For Rent 2014):

e Public utilities — using their own employees or contract testers.
e Pump dealers — using their own employees or contract testers.

e Independent pump test companies — many of these testers have a public utility
background.

Pump T~~*2r Ma~<rer~~—~*- The tester measures at lest four variables within a pump
test (Rain For Kent 2014):

Water flow rate.

Pumping lift for a well or inlet pressure for a booster pump.
Pump discharge pressure.

Energy input to the pumping plant.

L -

Calculations are performed for low lift pumps with components including flow; lift and
discharge pressure measurements and then results are compared to the energy input to the
pumping plant.

Undc=~*a~4ing Pump Cves

A pump curve is a descriptive diagram that shows a pumps ability to produce specific
flows against a specific pressure/head. Pump curves are usually oriented with the Total
Dynamic Head (TDH) on the “Y” axis and Gallons Per Minuet (GPM) on the “X™ axis.

Dymp Cu--~ T~~minology. Before we delve into the components and structure of pump
curves individuals should know some basic terminology associated with pump
performance curves. The National Environmental Service Center (NESC) outlines the
important terms needed to understand through one of their published Tech Briefings. The
terms are as follows:



Impelle.  he moving element in a pump that drives the liquid.

Static Head— The vertical height from the center of the impeller to the center of the
discharge outlet.

Total Dynamic Head—the total height a fluid needs to be pumped considering friction
losses within the pipe.

Flow Rate—the rate of liquid flow that can be carried, typically measured in gallons per
minute (gpm).

Net Positive Suction Heac  how much suction lift a pump can achieve by creating a
partial vacuum. Atmospheric pressure then pushes liquid into pump. A method of
calculating if the pump will work or not.

Cavitatior  avities or voids in liquid. Bubbles take up space leading to a drop in pump
capacity. Collapsing bubbles can damage the impeller and volute, making cavitation a
problem for both the pump and the mechanical seal.

Friction Loss—the amount of pressure / head required to force liquid through pipes and
fittings.

Pump Efficiency—the ratio of energy delivered by the pump to the energy supplied to the
pump shaft. Some pump curves will show you the percent of efficiency at the best
efficiency point.

Best Efficiency Point—the point of highest efficiency of the pump.

Brake Horsepower (BHP }— (horsepower required at the pump shaft). The brake
horsepower curves run across the bottom of the pump performance curve usually sloping
upward from left to right. These lines correspond to the performance curves above them
(the top performance curve corresponds to the top BHP line and so on). Like the head-
capacity curve, there is a brake horsepower curve for each different impeller trim.

Affinity Laws— Are associated with the rotational speed or rpm of a centrifugal pump is
that if the speed or impeller diameter of a pump change, we can calculate the resulting
performance change using:
1. ..ie flow changes proportionally to speed: double the speed / double the flow.
2. The pressure changes by the square of the difference: double the speed/multiply
the pressure by four.
3. The power changes by the cube of the difference: double the speed/multiply the
power by eight.






Nirect 7 -rent ‘M) A~ Alter—~ting Current (AC)

Electrical power is usually generated from a power plant in remote locations where most
people don’t see. Electrical energy coming from a power plant starts out from some type
of spinning electrical generator, weather it is from a hydroelectric dam, a diesel engine or
a gas turbine. In most cases the thing spinning the generator is a steam turbine. No matter
what it is that spins the generator, commercial electric generators generate what is called
3-phase AC power. Nikola Tesla discovered AC power after Thomas Edison’s push for
the widespread use of DC power in the 1880’s. The problem with the DC power i1s that it
is inefficient in long distance distribution and much more dangerous to work with. The
advantage that alternating current provides for the power grid is the fact that it is
relatively casy to change the voltage of the power. using a device called a transtormer
(Lantero. Allison 2014,

Varigh!~ F-~ue~~ Drives

Variable frequency drives (VFDs) controls the speed of an ac motor, which provides
flexibility to the process since speed can be changed easily for process optimization. “It
takes the fixed power supplied to it and converts it into a variable frequency and variable
voltage source which then feeds a motor. This allows the drive to control the speed and
torque the motor produces™(Sicmens 201 1).

Ce=m1on VFI T~rms. Variable Frequency Drives (VFD) use power electronics to vary
the trequency ot input power to the motor, thereby controlling motor speed. Variable
Speed Drive (VSD), is a more generic term, which applies to devices that control the
speed of either the motor or the equipment driven by the motor (fan, pump, compressor,
etc.). This device can be either electronic or mechanical. Adjustable Speed Drive (ASD),
again a more generic term applying to both mechanical and electrical means of
controlling speed.

Vari~rle Frequ~—ty ™ve (VFD). This senior project focuses on VFDs because they
are most commonly used tor irrigation applications. According to
VariableFrequencyDrives.com a VFD is, a type of motor controller that drives an electric
motor by varying the frequency and voltage supplied to the electric motor. Other names
for a VED are, adjustable frequency drive, AC drive, microdrive, and inverter.

Frequency, which is the rate of oscillations of the electrical current transmission
measured in hertz, is directly related to the motor’s speed RPMs (Sicmens. Stephen
2011). In other words, the faster the frequency, the faster the RPMs go. If an application
does not require an electric motor to run at full speed, the VFD can be used to ramp down
the frequency and voltage to meet the requirements of the electric motor’s load. “As the
application’s motor speed requirements change, the VFD can simply turn up or down the
motor speed to meet the speed requirement” (Yin Tang 2014).

According to the U.S. Department of Energy, motor-driven equipment accounts for 64
percent of the electricity consumed by U.S. industry. As businesses come under
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increasing pressure to reduce energy use and operating costs, VFDs are emerging as a
popular solution (Focusonenergy 2009). Focusonenergy. ¢ Wisconsin energy efficiency
and renewable resource program explains in a energy awareness article that, over the last
10 years, FVDs have became an efficient and reliable means of controlling motor speeds.
Facilities that install VFDs use less energy, cut operating costs and even improve
precision.

Focusonenergy explains why VFDs are such a good investment. VFDs eliminate the need
for expensive and energy-wasting throttling mechanisms such as control valves and outlet
dampers. In addition to lowering electricity costs, VFDs reduce wear and tear on motors
and related components decreasing maintenance costs and prolonging equipment life. A
motor without a VFD operates at a constant speed. When full power isn’t needed, the
motor can cycle on and off frequently in an attempt to match the load. ..is creates
unnecessary wear and reduces equipment life. A major benefit of VFDs is their “soft-
start” capability that gradually ramps up a motor’s operating speed at startup and greatly
reduces the stress on components. On typical startup, a constant-speed motor is subject to
high torque and electrical surges that can reach up to 10 times the full current load
(Focusonenergy 2009).

VEN Operation. The United States Department Of Agriculture and the Natural Resource
Conservation Service developed a technical article discussing the modernization of
agricultural pumping with the use of V' Js. They discuss many great aspects in this
technical report included in the following about motor efficiencies and pump speed
operation. If the purpose of installing a VFD is power savings, several factors need to be
considered including motor efficiency and motor loading.

§100- »- 100 hp
o )- hp
2 80- i- 25 hp
> thp

€ 60- 5-5hp
& 40

E:

g 20

2 0

0 20 40 60 80 100 120
Full Load {percent)

Figurc 4 Induction motor efficiency as a function of load
Credit: USDA
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To prevent operating the motor in its inefficient range, a good rule of design is to avoid
operating a motor at less than 50% of full load. If the motor is operated at less than 50%
load, adjustments in motor and system efficiencies may need to be made in system
analysis.

In Figure 4 above depicts the situation where different horsepower motors operate at
different percent speeds and the efficiency that comes by this. We can see that between
the 60% and 120% of full load range a majority of the motors will be operating
efficiently. To obtain the results shown in Figure 4, a VFD “converts AC to DC then
pulses DC to emulate an AC wave form. This process is not 100% efficient. Heat is
generated and this is an energy loss. A suggested efficiency range for VFD’s is 95-98%.
The pulsed nature of the current may also cause harmonic losses in the motor for another
drop of about 1% efficiency. For design purposes, an appropriate estimate of efficiency
for V. J’s1s 97%" (USDA 2010).

Understanding the basic principles behind VFD operation requires understanding the
three basic sections of the VFD: the rectifier, dc bus, and inverter.

Carrier Corporation explains the technical operations of a VFD system in their
“Operation and application of variable frequency drive technology report”. The voltage
on an alternating current (ac) power supply rises and falls in the pattern of a sine wave,
see Figure 5. “When the voltage is positive, current flows in one direction; when the
voltage is negative, the current flows in the opposite direction. This type of power system
enables large amounts of energy to be efficiently transmitted over great distances”
(Carrier 2005).

400 ]
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-100
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Figure. 5 AC Sine Wave  Credit: Carrier Corp 2005
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inefficient for this application. Adding a VFD in the proper application to your pumps
allows you to vary the flow by reducing motor and pump RPMs, reducing the
inefficiencies incorporated with the use of a throttling valve.

VFEDs deliver the following benefits to the industry (Gosuk. 2014):

W XNk WD~

Overall electricity savings

Control of startup and shutdown procedures

Reduces motor burn outs

Prevents shaft breaks, attributed to rapid starts and stops

Reduces water hammer in pipelines due to controlled acceleration/deceleration
Reduces voltage draw down on power lines at start up

Excludes need for pump control valves in many instances

Controls pump to deliver precise flows or continuous pressures

Gives the ability to remotely control the pump and obtain pressure variation
notifications

10. Added safety feature to shut down pump in emergencies
11. Can lower the power needs in peak charging periods

Reason- ¢~ Cem<i-r Using VFDs. VFDs may be used in many different types of
situations within irrigation applications. The Irrigation Training And Research Center
(ITRC) at Cal Poly San Luis Obispo discussed 5 reasons why a VFD system should be
considered within a paper entitled “Pump Operation With VFD Controlled Motors™
(Burt, 2010). His findings are as follows;

1.

Pumps are for the most part overdesigned and can produce more pressure then
needed in most cases.

a. Pumps will wear and become more and more inefficient over time

b. Pumps are rarely operating exactly on their certified performance, the

pump curves are only accurate within plus/minus range.
c. Pressure loss within a system design is common but rarely exactly known.
d. Source water levels change over time, thus there is no correct lift value;
the designer must design for the maximum condition.

Flow rate requirements may change with time depending on how any systems the
operation is set up to handle. When this happens and the flow needs to be
decreased, without a VFD you have to bypass extra or dissipate the extra pressure
to develop the desired lower flow rate. In doing this there is obviously more
power consumption used making this a very inefficient system within the lower
flow conditions. In this case, a VFD-controlled pump can often save energy
during periods of low flow.
If a pump is filling a reservoir or waterway that needs to maintain a specific water
level and require specific flow rates VFDs can provide that capability. If VFDs
were not implemented the situation may require the pump to start and stop
multiple times per hour thus causing intense wear on the motor.
Minimization of water hammer can be attributed to VFD use. The slow start and
stop capability helps to minimize hammer when flow begins or ends.
Increasing the longevity of well life. Without a VFD a single speed well pump
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starts with a very high flow rate because the total dynamic head (TDH) during
startup 1s low. This causes rapid drawdown within the well casing- exceeding the
drawdown rate outside the well casing. The difference in pressure weakens old
pipes quickly, and incidentally tends to draw out a lot of sand on start up.

The three biggest problems Burt (2010) has noticed with VFD applications are:

1. The proper understanding of VFD cabinet air conditioning is not utilized or is
ignored. Good VFD controllers are very efficient- 98% to 99% efficient. But for a
100kw panel, this is equivalent to a 1-2 KW heater operating inside the cabinet.
Heat is the death on VFD controller electronics.

2. VEFD controllers are sometimes undersized. A rule of thumb is to upsize the
controller by one size above the motor rating. A motor may be 90 — 94% efficient,
and often motors are over- loaded. It’s simple math — with a 5% overload on a
100 HP motor that’s 94% efficient, the VFD controller needs to supply 100
HP/.94/.95 =112 HP. A 100 HP VFD controller can’t do it. Although VFD
controllers are rated in terms of volts and amps, think “125 HP controller for a
100 HP motor™.

3. Using lower quality cheaper VFD controllers can get you in trouble with low
efficiency, noise, dirty power quality, and having limited cable lengths from the
controller to the motor.

Another common error that was found in the article Burt (2010), is thinking that the
affinity laws are easy to use for predicting power savings. “The affinity laws for pumps
that relate power, head, and flow are only useful for drawing new pump curves at various
RPMs. The curves cannot be used by itself to estimate power savings. To estimate power
savings, one must overlay the system curve on the family of pump curves™ (Burt 2010).

Burt go’s on to explain, “low lift installations that use mixed and axial flow pumps, one
must always examine the pump curve all the way to zero GPM. Most pump suppliers will
only supply curves that show the upper 50% of the flow range. With a system for which
the majority of the pressure requirement is elevation lift rather than friction, there can be
problems if the pump curve has a dip. If the pump and system curves do not have one
unique point of intersection, the flow rate can suddenly shift and damage the
system”(Burt 2010).

Retrefitting VFDs to F~i<ting Mof~~= When updating a pump with a VFD one must
make sure the motor is capable of working with the upgrade. In general if the motor is
relatively new and the windings are in good condition it will be ok. VFDs are more
demanding on the motor because of the electrical distortion they cause. According the
ITRC at Cal Poly San Luis Obispo the quick and simple way to determine if a motor is
appropriate for a VFD retrofit is through the process of a Meggar test.

A Meggar test measures the resistance between the motor windings and ground. This
resistance 1s a measure of the condition of the motor winding insulation. If the resistance
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is over about 300,000 ohms and the installation was properly performed, then the motor
is probably ok for the VFD retrofit. If the resistance is less than 300,000 ohms then the
motor should be “dipped and baked” to renew the winding insulation. One cautionary
note — if the motor has been idle for a long time — several weeks or more — then the motor
should be run long enough to bring it up to operating temperature and kept there for an
hour or more before conducting the Meggar test. This is because dust and moisture can
collect in the windings during idle periods. Running the motor dries off the moisture and
“blows’ loose dust from the windings. Moisture and dust in the windings will provide
false low values when performing a Meggar test (Burt 2009).

Pump Affinity Laws. Another very important aspect one should look at in retrofitting a
pump with a VFD is applying the use of affinity laws to the pump situation to evaluate
the retrofitted outcome. The pump affinity laws can be used to predict the performance of
a centrifugal pump as two variables change, the pump shaft rotational speed and the
pump impeller diameter. They are useful particularly for the modification of existing
pumps to meet a new service or to evaluate where a pump could be operating at in the
addition of a VFD application. These relationships are approximate and rely on the
assumption that the pump efficiency is equal at both speed/diameters. The prediction of
performance based on impeller design changes also relies on the assumption that the
impellers are geometrically similar. This section covers the equations that relates to
holding a constant impeller size with changing shaft rotational speed.

Pump operation at varying speed (with a constant impeller diameter) is defined by the
affinity laws as follows (Burt 2014):

For Flow Rate:

& "
For Head:
oM.\ 2
= (o) ®)
For Power:
n= o) ©)
2 2

* Equation Legend
Q = Volumetric flow rate

RPM = Rotations Per Minuet
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H = Head or Pressure Developed

P = Power

These equations demonstrate that the flow rate changes as the ratio of the RPM, the head

changes as the square of the ratio of the RPM, and the power changes as the cube of the
ratio of the RPM.

The affinity laws are not applied directly to a particular flow condition to estimate power
savings. This is because of the interaction of the irrigation system curve with the pump
curve. If the flow rate is reduced by reducing the speed of the motor the operating point
changes, but the operating point must be on the system curve. This means the required
system head and water horsepower (WHP) change along the system curve as the flow
changes, and the affinity laws by themselves, do not give any information about irrigation
system curve (Burt 2014).

Using Af~:ty Laws. The proper way to apply the affinity laws is to use the laws to
develop a whole set of pump curves (each at a different RPM) for a given pump (Burt
2014). This is done as follows:

1. From the pump curve that is provided by the manufacture at the maximum RPM,
select 10 or so points (flow rate and pressure) along the complete span of the
curve.

2. Using the affinity laws, determine the corresponding 10 (flow rate and pressure)
points for a different RPM. This provides a second pump curve.

3. Repeat this for several RPMs.

VEN Nacian fancidaratinnc

The following design considerations have been established by the United States
Department of Agriculture (2010) and should be taken into consideration when
evaluating VDF upgrades for an agricultural pumping situation.

Ci~ing, [n the design process, it is not unusual for a VFD to be rated for more horsepower
than the nameplate horsepower of motor being driven. Because of the service factor, it is
not uncommeon for a motor to use 15% or more horsepower than its nameplate rating.
Also, the rating of the VFD should include the factor of its operating efficiency. For
example, a 100 HP (rated) VFD at 97% efficiency will output 97 HP (USDA 2010).
However, if the system is adequately analyzed, the rating of the VFD will be no more
than the electric motor rated HP. Another reason drives are oversized is to minimize,
voltage distortion and interference with other electrical equipment. Care should also be
taken to not select a VFD too large as the VFD output might exceed motor specifications
and cause motor failure (USDA 2010).
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Line Filte=- “Because incoming power may have irregularities the VFD should not be
connected directly to the line voltage”(USDA 2010). An isolation motor contactor should
be used. This will also provide a method of bypassing the VFD in emergency situations.
Line filters may be required for V. D’s. The line filters regulate the voltage of the
different legs of a three-phase supply and control the voltage of all legs to equal the
lowest voltage in any one leg. Imbalance in voltage generates more heat and loss of
efficiency in the VFD, motor, and line filters (USDA 2010).

w--i-gonmental Control. Most agricultural applications can be considered outdoor
installations. Dust, rodent damage, and heat are the leading causes of V. D failure. VFD’s
also generate significant heat that must be dissipated. Cool, clean electrical components
last longer and perform better. VFD’s are rated for a specific amperage and voltage at a
specified temperature. An increase in temperature will see a dramatic drop in VFD
efficiency and may require installation of a cooling mechanism. Ambient air temperature
must be between 32° F. and 104° F (USDA 2010). Several types of cooling methods
exist, such as external heat sinks, fans, and water-cooled air conditioning. Dust is an end
all in VFD panels and it is essential that the VFD controls are monitored regularly and
kept dust free and maintain a cool air temperature for a smooth operating environment.

Water Level Sensors

An input is required for the VFD to maintain a target or set point. Typically, water level
sensors are used because the grower desires a constant water level in a canal pool. That
is the case for this senior project. The water level in the canal downstream of the pump

station needs to be monitored in real-time so that the VFD can maintain that level.

The four different types of water level sensors that are generally used today in agriculture
settings are ultrasonic sensors, float sensors, submersible pressure sensors, and bubbler
sensors. The one thing these four different types of sensors have in common is that they
are all trying to obtain an accurate measurement of water depth, or are connected to
devices that want to maintain a specific water level margin.

Ultrasonic Sensors. Ultrasonic sensors are used in the irrigation industry and many
others to provide accurate readings of a water depth using sound waves. “Ultrasonic
sensors rapidly transmit a pulse of high frequency sound (typically 42 kHz), which travel
away from the sensor, hit the surface of the liquid and return to the sensor. Within the
ultrasonic sensors, electronics measure the time it takes from transmitted sound to return
of echo. With reference to the speed of sound in air, the exact distance of the liquid
surface from the sensor can be calculated with high accuracy”(Greyline Inst 2014).

The sensor should be positioned so that it has a clear view of the liquid surface and away
from ladders, pipes or other obstructions. The recommended settings are ““1 foot from
sidewall for every 10 feet of depth. Heat and humidity can affect the accuracy of these
ultrasonic signals but a majority of these new sensors have secondary sensors and
programing to compensate for these variables™ (Greyline Inst 2014). Also foam and
water turbulence are other factors that can skew data and needs to be taken into
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consideration when installing these sensors. To help avoid turbulence and to keep a tlat
water level, stilling wells may be put in place to help maintain accurate measurements.
Another important characteristic of this sensor is that is completely out of the water. This
aids in the fact that this sensor can be used with many different qualities of water without
affecting the longevity of the system. Also having this sensor elevated from the water
accommodates easy service when attention is required. A diagram of how an Ultrasonic
sensor works can be seen in Figure 8.

Output: . .

Uttrasonic Transducer ~ _ =
_—Tank

Emitted Acoustic Waves
Returning Acoustic Waves

Figure. 8 How An Ultrasonic Sensor Works ~ Credit: Suvo 2010

Some general advantages of using a ultrasonic sensor is that they are, not affected by
fluctuating water temperatures, they are easy to calibrate, low maintenance and can
withstand freezing temperatures. But unfortunately there are some disadvantages to
ultrasonic sensor as well such as, they may reflect off floating foam or debris, they must
be aligned precisely, they may be affected by turbulent water (A stilling well may be
required). And if the echo is lost it may display a misleading reading.

Tl~at Ser<~=s. ..ie (ITRC 2014) describes the two basic styles of float sensors as
tollows, one involves a pulley and counterweight (Figure. 9) and one that utilizes a
spring (Figure. 10) to produce an upward force on the float cable. In the pulley and
counterweight version, a counterweight provides tension to a beaded cable. Notches in
the pulley mesh with cable beads, forcing the pulley to turn as the water level rises or
lowers and the float goes up or down. This version of the float sensor is the more difficult
to install and calibrate. The pulley has a “travel stop™ for both the clockwise and
counterclockwise directions.

In the second style, the cable wraps and unwraps around a spring-loaded shaft inside the
sensor. Turns of the pulley or spring-loaded shaft change the resistance of a
potentiometer within the sensor housing, changing the output electrical voltage or
current. Though the electronics are less complex than in an ultrasonic sensor, they still
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must be mounted directly over the water (Burt 2014). If the water level fluctuates around
a certain level for an extended period of time the potentiometer may wear out quickly.
Having a stilling well is essential when using a float sensor to ensure that you have
accurate readings. ..ie sensors can bee seen in the images below with general advantages
and disadvantages described from the ....C.

PN

Figure. 9 Pulley and Counterweight Float sensor  Credit: Joy. 2012

Spring-loaded
/ cable reel

Figurc. 10 Spring Operated Float sensor Credit: Tony 2012

Some general advantages of these float sensors are that they are not affected by dirty
water, not affected by water temperature, not affected by foam, they have a low affect of
changing air temperatures, they have relatively low maintenance, and are inexpensive.
Some disadvantages is that they require a stilling well, the cable may slip (Pulley and
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counterweight type only), they may wear if water level remains at one position for
extended periods, and salt build-up may freeze the pulley and cause problems.

Sr-Fmersihla Peeng-=~ Semc~rs. Submersible pressure sensors preform liquid
measurements by having the sensor submerged at a fixed level under the water surface.
“The pressure sensor measures the equivalent hydrostatic pressure of the water above the
sensor diaphragm, using this to calculate for total liquid depth water pressure. At any
point in time at any level liquid and gasses exert an equal pressure in all directions. Water
level increases linearly with depth of submergence. For every 2.31 feet of water the
pressure increases by 1 Pounds per Square Inch (PSI) (Burt 2010). These sensors require
a stilling well to minimize turbulence factors. Figure. 11 below depict some styles of
submersible pressure sensors.

Figure. T1 Submersible Pressure Sensor  Credit: Scensortechnics 2013

Some general advantages are, easy installation, electronics are hidden from vie, they have
a low power requirement, they are not usually affected by air temperature fluctuations,
they are not affected by foam and have almost no time lag. Some disadvantages in
relation to the submersible pressure sensors are they can get damaged by ice, they can
clog in dirty water, they are susceptible to malfunction if often allowed to dry, may hang
up debris they are adversely affected by water temperature fluctuations, the range is not
adjustable, stilling wells are often required and they sensor can be damaged if submerged
too deep.

Prkhia- Comg0rs. A Bubbler sensor system is relatively simple to operate, it consists of a
constant low flow of clean air passing through a tube by a filter-regulator. Lesman
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Figure. 25 Lift Station Operating Cost Post VED Integration
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RESULTS AND DISCUSSION

After thorough evaluation of Teixeira and Sons water transportation system specifically
focused on the efficiency and capability of their first lift station, some important
decisions were made about the next steps in improving the efficiency of their overall
system. As the scope for this project, Teixeira and Sons have chosen to update both
pumps in their first lift station with Variable Frequency Drives in a prodigious step to
supersede their determination in maximizing productivity and efficiency.

This section will go over the findings of the system analysis and discuss the results of the
VED retrofit and cost analysis.

Darep Curves

Some complications came about in developing the new pump curves for the VFD
integration. To avert this issue Goulds ePrism pump selection software was utilized to
develop a pump curve representing where the two pumps would operate with VFD
upgrades. Referring back to Figure 22, notice that the efficiency curves correlating with
the seven different operation speeds. These can be viewed in comparison with the system
curves to determine the most efficient operating points for the individual 75 HP pump or
both pumps operating together.

When looking back at Figure 22, the efficiency for the 75 HP pump operating at 100%
will be is around 75% efficient. When we have both operating at full capacity the
efficiency gets a little better but not by much. The VFD setup will be to turn on the 75 HP
pump first and once the system exceeds the demand of that pump the 40 HP pump will
turn on and ramp up to aid in higher flow. In analyzing the ePrism generated pump
curves, the 75 HP pump must be operating at or above 4000 GPM or the pump will risk
of operating out of its effective range. If the system requires a lower flow the 75 HP
pump will ramp down while the 40 HP pump delivers the lower flow requirement.

When analyzing these curves we want to make sure that we are staying within their
optimum range. The seven different pump curves generated have a slight dip in them
from left to right. In order to obtain the optimum efficiency it is essential to make sure the
operations points are on the right side of this dip along the pump curve.

Tfciency Review

When referring back to the evaluated power usage before any VFD retrofitting has taken
place, Teixeira and Sons is spending over $20,000 a year on power costs just on this first
lift station alone this is a large number to move water 1,500 feet through a pipe into an
open canal and up to the next lift station.

The three lift stations and canal waterways together span about 2.4 linear miles and with
a total elevation change of around 75 feet. The third lift station was recently retrofitted
with VFDs, which helped make the system more efficient, but the first and second lift
stations are not updated. With the first two lift stations under similar conditions and
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incorporating the increased efficiency of the third pumping station, it would cost a total
of $60,000 in energy costs alone to transport their water for a nine-month period. This is
a cost that should be lower and with this first step of retrofitting the first lift station, the
second lift station will not be far behind.

Another inefficient aspect of the first lift station is the float sensor automation that is
currently in place. The float sensors, as depicted in Figure 17 have a tendency to get
stuck thus causing the pumps to run and if not attentively monitored could overtop the
canal and flood the adjacent highway. In order to counteract the problem Teixeira and
Sons has chosen to do away with the float sensors and install pressure sensors within the
pipeline to aid in the automation of their pumps. Doing away with the float sensors and
adding pressure sensor automation is a safer way for these pumps to operate due to the
fact that there is no moving parts to get stuck, less chance of malfunction and the pressure
sensors are more suitable and can be protected within the discharge pipeline.

Cost Analysis Review

After the system was evaluated and the cost analysis was developed for the incorporation
of the VFDs Teixeira and Sons was very pleased and eager to proceed with the VFD
retrofit. The first year the company will be in the red due to the sizeable investment for
the VFDs and the instillation. But what was very appealing to Teixeira and Sons was the
fact that by the end of the second year they will have already paid off the VFD
investments and will begin their savings adding to $5,588 in savings at the end of the
second year and $16,882 at the end of the third year.

..le overall savings accumulate from the yearly savings in energy costs and labor cost
that were a large burden before. Note that the calculation for the savings from the energy
costs for the VFD upgrade used a conservative 15% savings value, which in actuality
could be much greater. Also looking back at Figure 25 (lift station operating cost, post
VFD integration) with the VFD update, Teixeira and Sons will be saving approximately
40% on the operation cost of the first lift station for each year after 1s has been paid off.
This is very appealing and when the whole three lift stations within the water
transportation system are updated it will be that much more savings in operation costs.
By doing this Teixeira and Sons are not only saving energy on this project, but by
alleviating the demand for an employee to supervise this water system they can put that
employee to work in a more productive area to produce more of a return for the company
becoming more efficient and profitable, not saying that this pumping station will never
need service but it will be very minimal compared to labor requirement it had before.
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TTndata \Vflk ‘III‘]'\c

The reason that Teixeira and Sons only considered the update with VFD integration
compared to soft starts is because with the VFDs the soft start component is already built
in not to mention the VFDs can operate at different rates minimizing the potential of
rapidly overflowing the canal. Seeing that the system demands in farming change
frequently depending on the time of year or what is in season they need more flexibility
on their water delivery and with the VDFs, they would benefit when they need to reduce
or increase the pumping demands. And thus, for a little more money initially they will be
glad to have that flexibility and the higher energy savings that comes with it.
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