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Executive Summary
. 'This report details an irrigation pﬁmping plant testing program conducted by the Texas

Agricultural Extension Service (TAEX) from May 1992 through December, 1994. The
project was funded through a grant from the State Energy Conservation Office (formerly the
Governor's Energy Office) for $119,500 and cost sharing by TAEX in excess of $100,000.

During this périod, TAEX tested approximately 359 irrigation pumping plants
throughout Texas. This report details the testing program and the results of 244 tests
conducted by Byron Neal and Guy Fipps under this grant. These were performed in 25
counties in Central, South and West Texas in the attached map. The average overall
efficiencies found in each region are shown in the following three charts. We found that in
most areas the actual cfﬁciencics were well below the industry standards, indicating excessive
energy use. Assuming an average 2000 hours of operation per year, the potential eﬁergy
savings with improvements in these pumps and engines (i.e. bringing them up to the standard
efficiencies) could equal each year:

150,383 gallons of diesel,

51,908 Mcf of natural gas, and

3,449,623 kwh of electricity.
Assuming the cost of fuel shown on the fifth chart, this energy has a value of $507,923 per
year. |

Information was also collected on conditions which may pose a serious safety hazard
to pump operators and to preserving groundwater quality (by improper well head protection).
The last two charts in this Executive Sumrhary summarize these conditions. Over half of all

pump installations surveyed lacked adequate guards and covers. All engines produced



dangerous noise levels. On the positive side, we found that most pump installations meet

current Texas well head construction regulations.

Among the many accomplishments of the project are the following:

1. Development of the Texas Irrigation. Pumping Plant Evaluation Software (TIPPES);

2. Tests conducted in 25 counties throughout Central, South, and West Texas, the first
time this service has been available in most of these areas;

3. Cooperative teéfing programs were established with 6 groundwater districts, 6
irrigation districts, 2 major utilities, and two USDA multi-agency projects;

4. _ Numerous improvements in testing equipment and analysis procedures;

5. Creation of a data base to allow for energy and water policy analysis, including
information on areas where no previous data is available;

6. Technical assistance and education for individuals, district, and agency personnel on
the reiationship between energy sue, water conservation and ecohomic
competitiveness;

7. Three publications and 12 news releases andj articles on the results and benefits of the
testing program; |

8. Development of a safety check list to educate irrigators on operator and environmental
safety hazards of their pump installations;

9. Identification of aétual safety hazards in nearly all of the installations tested; and

10. A benefit-cost ration of about 5 to 1 (potential energy saving sin units tested per
yeat/cost of the projéct per year). This benefit-cost ratio would be increased

significantly if this testing program was continued.



This testing program was originally approved as a four year project by the Governor
and the U.S. Department of Energy. In October of 1994, TAEX requested funding from
SECO for the remaining two years of the project, to which we have not received a reply. A

copy of this proposal is included in Appendix H. -
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I. Background and Literature Review

This section provides a review of the results from previous irrigation pumping plant
testing programs and preseﬁts the Nebraska perfoﬁnance standards for evaluating pumping
plant efficiency.

A. Economié Considerations

Irrigation pumping plant efficiency testirig provides growers with information for
mgking decisions on repair or replacement of pumping plant componénts. New (1986)
reported that a decrease in engine efficiency of 5% can result in a 25% increase in fuel use.
Additionally a 33% decrease in pump efficiency can increase fuel costs by 50%, and a 67%
decrease in pump efficiency would increase pumping costs 200%. New reported that the
primary reasons for lower engine efficiencies and, thus, higher fuel consumption are wear,
improper tuniné and partial loading of the engine.

B. Standards

\In 1986, Leon New (Extension Agricultural Engineer, Texas A&M University System)
published the fact sheet "Pumping Plant Efficiency and Irrigation Costs” (New, 1986) in
which he discussed in detail the factors which affect irrigation pumping plant efficiency. He
presented standards and defined “attainable” efﬁciency for individual pieces of equipment
(Table 1). New also presented the cdncept of the.fuel-cost analysis for analyzing pumping
plant efficiency“and the fuel-cost analysis per 100 foot of head to compare units under

different operating condition (Table 2).



Table 1. Attainable Irrigation Pumping Equipment Efficiencies. (New,

1986). |
Equipment - Attainable efficiency
» percent

Pumps (centrifugal, turbine) 75-82
Right angle pump drive (gear head) 95
Automotive-type engines 20-26
Industrial engines ‘ _ |

Diesel 25-37

Natural Gas 24-27
Electric motors : :

Small _ 75-85

Large ’ 85-92

New and Schnieder (1988)- .discussed that the Nebraska performance criteria which are
generally accepted as the maximum practical efficiencies for irrigation pumping equipment.
These criteria are shown in Table 3. The Nebraské overall efﬁéiencies are based on the
assumptions of 75% efficiency for a turbine pump. in avdeep—well and 95% efficiency for right

angle gear drives (usually used with internal combustion, engine pumping plants).



Table 2. Average Power Unit and Pump Efficiencies, Fuel Consumption, and Specific Fuel
Cost for Natural Gas, Electric and Diesel Pumping Plants from Pumping Plant

Efficiency Tests, 1975-85 (New, 1986).

1. Number of tests:
2. Power unit
a. Horsepower, HP
b. Fuel per Hp,*
c. Efficiency, %
3. Pump
a. Flow rate, GPM
b. Pumping lift, ft
c. Discharge head, psi
d. Efficiency, %
4. Overall efficiency, %

5. Specific fuel consumption
*facre-inch/100 ft head

6. Fuel cost@*
a. $ Per acre-inch

b. Specific water cost,
$/acre-inch/100 ft. head

~ * Natural gas-cubic feet @ $4.00 MCF
Electricity-KWH @ $.08 KWH
Diesel-gallon @ $.95 gallon

Electricity
Natural Gas VHS Submersible Diesel
455 91 38 35
87 81 20 108
12.3 - - 062
20 9 79 30
574 594 136 688
300 267 248 289
14 20 12 40
58 58 51 66
11.6 52 40 19.3
272 17.3 22.9 1.16
345 428 4.98 4.15
- 1.08 1.45 183 1.10




Table 3. Nebraska Irrigation Pumping Plant Efficiency Criteria (New and Schneider,

1988).
Typé | Power Unit Overall
Efficiency : Efficiency
Electric _ 88% 66%
Diesel 33% 24%

Natural Gas ' 24% 17%

C. Previous Testing Programs and Results

While irrigation pumping plant testing programs have been conducted by numerous
organizations in the U.S., only a few have been reported in the literature. The Agricultural
Engineering Department at Texas Tech University (1968) reported the average overall
efficiency of 134 pumps was 52.2%, and the average thermal efficiency of 46 natural gas
engines was 19.8%. Abemathy, et al (1978) found that the pump and engine efficiencies of
52 natural gas pumping plants in New Mexico were 52% and 22%, respectively.

New and Schneider (1988) reported the results of 500 tests performed from 1975
through 1985. They found an average pump efficiency of 59%, with large geographic
variations in efficiencies. Natural gas and diesel engine efficiencies averaged 21% and 31%,
respectively; and the average overall efficiency of electric pumping plants was 47%. They
also found that the average efficiencies of different types of electric pumping plants varied
significantly. Vertical hollow shaft, submersible, and horizontal motors connected to right
aﬁgle drives with V-belts were 52.9%, 40.9% and 35.4% respectively. New and Schnieder
also reported an average efficiency of 43% in tests of 249 pumps conducted by the High

Plains Underground Water Conservation District #1 (HPUWCD), with the average thermal



efficiency of 21%.

Central Power and Light Company began a short-liv.edv testing program in the early
1990's (Darcy, 1992). Due to Iinlitations in their testing equipment (small torque meter), they
were not able to test large'intemal combustion irrigation engines in the Winter Garden and
other areas of South Texas. Except for overall efficiency testing of electric pumping plants
by the Texas Water Development Board and some local offices of the Natural Resources

Conservation Service, no other testing program has been attempted in the vast region of South

Texas.



II. Project History and Accomplishments

The major emphasis in this project was to test irrigation purhping plants in areas where
such testing is unavailable or limited, to performed detailed analysis of test resulfs, to work
with local water management districts and other organizations, to determine the need for a |
continuing testing mom, and to collecf additional data for evaluating pumping plant
efficiency standards.

A. Project History

The history of this project is given in Table 4. Our proposal was originally approved for
funding as a 4-year project by the Governor’s Office 1n Decembe_r 1990. We were later asked
to submit a two-year budget and provide additional cost-sharing (while providing the same
amount of service). We finally began work on the project in Fall of 1992. We encountered
numerous delays and Were only able conduct about 13 months of full-time testing as
discussed below.

B. Explanation on the Number of Units Testéd

During this project, the Texas Agricultural Extension Service (TAEX) tested
approximately 359 irrigation pumping plants.. This includes 244 by the College Station Unit
~and about 115 pumping plants tested by Leon New who is located at the Texas A&M Center
in Amarillo. There are several reasons we were not able to reach our goal of 300 tests per
year. These are discussed below.

We began work on the project in the Fall of 1992. However, we were not able to begin

testing until June 1993 due to unexpected and uncontrollable delays. These included



Table 4. History of the Irrigation Pumping Plant Testing Program conducted by the Texas
Agricultural Extension Service (TAEX) in cooperatlon with the State Energy
Conservation Office (SECO) :

Activity and Time Period

Original Proposal Submitted to the Governor's Energy Office: 1990

Contract between the Governor’s Energy Office and TAEX signed: May 1992
Equipment specification review and purchase: November 1992 to May 1993

Trail testing to establish testing procedures and eliminate equipment problems:
June 1993 to August 1993 _

Full-scale testing throughout the state: Sepfember 1993 to November 1994
Request for continued funding,subfnitted to the SECO, October 1994
Data analysis and final reporting: December 1994 to March 1995

Audit by State Energy Conservation Office: February 1995

specifications review and bidding delays in the State VPurchasing Office for the torque meter
and drive shaft test kit, and then a 6-month wait for delivery of the torque meter from the
‘manufacturer. The drive shaft test kit had to be built after the torque meter was delivered in
order to ensure flange compatibility.

Our equipment specifications and set-up were based on that used on the Texas High
Plains for the last 15 years. We found that numerous changes had to be made during the first
three months of testing (June-August 1993) due to the significant differences in pumping
plant installations and conditions in South Texas. Over the next year, we continued to run
into unexpected problems and unconventional testing conditions which caused further delays
and modifications.

During our first full year of testing (September 1993 - August 1994), we evaluated a
total of 256 pumping plants. This is slightly leWer than the average of 300 per year, but is

7



within an acceptable range for the first year of testing during which time procedures and
equipment modifications were constantly‘required and cooperative programs were being
developed. We believe an average .of 360 test a year would have been achieved if the project
was continued for the full 4 years as originally approved.
C. Accomplishments | o
In this report we detail the many accomplishments of tﬁc project. Even though the
testing program only lasted one-half the proposed duration, we were still able to meet the
most ifnportant goals of the project. These include: |
1. Development of the Texas Irrigation Pumping Plant Evaluation Software (TIPPES);
2. Tests conducted in 25 counties throughout Central, South, and West Texas, the first
time this service has been available in most of these areas;
3. Cooperative programs were established with 6 groundwater districts, 6 irrigation
districts, 2 major utilities, and two USDA multi-agency projects;
4. Numerous improvements in testing equipment and analysis procedurés;
5. Creation of a data base to allow for energy and water policy analysis, including
| information on areas where no previous data is available. The data base inclﬁdes
new information on:
a. fuel costs and usage in various locations around the state;
b. energy (BTU) value‘ of diesel fue] and natural gas by locations;
c. potential fuel savings possible with repair or replacement of

components;



6. Technical assistance and education for individuals, district, and agency personnel on

thg relationship between energy use, wafér conservation and economic |
' ‘cémpetitiveness;." |

7. Three publications and 12 news releases and articles on the results and benefits of |
the testing program; |

8. De'velopment of a safety check list to educated irrigators on opérator and
environmental safety hazards of their pump installations; |

9. Identification of actual safety hazards and nearly all of the installations tested; and

10. Achieved a benefit-cost ratio of about 5 to 1 (potehtial* energy savings m units
tested-pcr year/cost of the project per year) This bene_fit_-c.os'tftatio would be

increased significantly if this testing program was continued.



III. Equipment Specifications’

This sectiohs provides information and specifications'vfor' the cqilipment used in the
irrigation pumping plant efficiency testing program.
A. Torque Meter

A torque méter is used to measure the torque and speed (in revolutions per minute, rpm)
produced by an engine. A Lebow 1641-50K, flange drive, non-contact rotary transformer
coupled torque meter was chosen for use in this project. Specifications for this torque cell
are as follows: | |

torque range: 0 to 50,000 in-lb,

speed rating: 0 to 4,000 Rpm,

torque overload range: 150,000 in-1b,

shipping weight: 85 b,

speed pickup: 120 pulses per revolution,

electronic readout: 5 Digit display with decimal capable of displaying torque, speed and

horsepower.
This torque meter provides a measurement range of 0 to 3,000 horsepower (hp) with +1% hp

accuracy.

'Trade names are provided for informational purposes only and does not imply
endorsement by the Texas Agricultural Extension Service or the Texas A&M University
System. . '

10



B. Torque Meter Mount and Support

We designéd and constructed a support stand (Fig. 1) to support the torque meter during
“installation aﬁd to keep the torque meter, from rotating during testing. We also constructed a
test mount to aid in the installation of the torque meter during testing (Fig. 2) . The support
stand also removes somé of the weight load of the torque meter from the gear head. Each leg
of the support is fully adjustable in height.
C. Drive Shaft Kit

A special test drive shaft connects the torque meter to the engine and the gear head.
Various test drive shafts lengths, flange series and adapter plates are needed due to the
variation of equipment commonly found in inigation pumping plants installations. These
components are referred to as the drive shaft kit. The drive shaft kit for this project was
constructed by Cargo Machine & Welding in Amarillo, TX. .Speciﬁcations for the kit is as - |
follows:

one (1) 1410 series drive shaft for 24" test hobkup,

one (1) 1410 series drive shaft for 36” test hookup,

one (1) 1410 series drive shaft for 48" test hookup,

one (1) 1610 series drive shaft for 36" test hookup,

one (1) 1610 drive shaft for 48" test hookup,

one (12) adapter plates for accommodating 1310 to 1710 series flanges.

We estimate that this kit is compatible with 80% of the pumping plant units in Texas.

11
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D. Dial Indicator

In cases where the existing flanges are damaged or warped, excessive vibrations may be
produced during testing in the test drive shaft and torque meter. Such vibrations can lead té
failure of the installaﬁon and pose a serious hazard to equipment and personnel. A dial
indicator with a magnetic mount §vas used to measure the maximum deviation from the
perpendicular of the gear head flange's axis of rotation prior to testing. The dial indicator has
a maximum measurement range of 1 inc_h and divisions of 0.001 inches. We foﬁnd that if the |
flange deviated more than about 0.03 inches, excessive vibrations are likely.
E. Engine Fuel Consumption Measuring Devices |

Engine fuel consumption is méasured and used in calg:ulatirlg the efficiency of the engine
and the overall efficiency. The most common fuel used in irrigation pumping plants are
natural gas and diesel.
1. Natural Gas Meter and Connections

| A standard gas supply meter was donated (anonymously) to the project for measuring
natural gas consumption during testing. The meter has a pressure monitoring port and 4
ounce drive-pressure. Flexible rubber hoses were used to connect the gas meter to the natural
gas supply line and to the.intake port of the engine. The three most commons sizes of gas
supply lines_ in Texas are 0.75, 1.0 and 1.25 inch. Connections were made to these lines with
ﬂexibie rubber tubing of 1, 1.25 and 1.5 inch secured by hose clémps.
2. Diesel Fuel Meter

| The equipment set-up for measuring diesel fuel consumption is illustrated in Fig. 3. We |

constructed a small test fuel tank (2.5 feet height, 6 inches in diameter with an approximate
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capacity of 2.5 gallons) out of PVC pipe (schedule 40) and a square sheet of 4 inch
plexiglass. These materials were selected due to their aQailability and resistance to diesel
fuel. During testing, the fuel tank is placed on a rechargeable digital scale, and the total
weight of fuel consumed by the engine during testing is recorded. The séale has a capacity of
100 lbsv'and a resolution of 0.05 1bs. |

A three-way diesel fuel valve and standard fuel line hdses connects the test fuel tank to
the engine and to the main diesel supply tank. 'I‘he valvé was connected in such a way to
allow the engine to obtain fuel from either the diesel supply tank, the fuel tank, or both (Fig.
3). The density of the fuel was measured with a light fluid hz. drometer (with a range of ‘0.6 :
to 1.0). The temperature of the fuel was also measured and used to convert the fuel weight to
volume. |
F. Water Flow Meter

During testing, the water flow rate produced by the pumping plant is measured in the
discharge pipe at a location as close as practical to the pump. A Panametrics model PT868
portable ultra-sonic transit-time flow meter was puréhased for non-intrusive flow
measurement. The meter was equipped with an ihtegrated pipe wall thickness measurement
deQice and with both magnetic and chain mounting fixtures. This flow meter has the
following specifications:

accuracy: +1%,

measﬁrable velocity range: 0.1 to 40 ft/sec,

repeatability: +0.2% to 0.5%,

operation time per battery charge: 8 to 10 hours,
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operating temperature range: 14° to 122°F,

30-key tacﬁie feedback membrane keypad,

64 x 128 pixel LCD graphic display,

able to measure flow through most standard metal and plastic pipe materials,

pipe wall thickness range:‘ 0.05 to 37,

piﬁe size capability (outside diameter): 0.5 to 200”.
G. Well Sounding Cables |

Powers well sounders were used to measure statié water lével and pumping lift.
Pumping lift‘is defined as the vertical distance between the water level in a well (or surface
water source) and the centerline of the pump discharge during pumping. Static water level is
the distance to the water table before pumping. The pump testing unit was equipped with
300 and 500 foot-long well sounders (with two wire electrodes, S foot graduations, and
analog rcadoﬁt). Occasionally, the line will hang-up in the well casing or pump. In such
instances, the line must be cut and tied off. The Powers well sounder was selected because it
can differentiate between the water level in the well and the cascading water in the well
column, and due to the ease of replacing damaged components. |
H. Clamp Around Power Probe

A Fluke 80ikw “clamp around” p_o’ wer probe was used to measure the power
consumption of electric motors. The power probe has the following specifications:

useable on any conductor bup to 3” in diameter, |

single or three phase power measurement capability,

A/C or D/C amps measurement capability,
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useable on up to 660 volts A/C and up to 1000 voitsiD/C,
350 kw A/C or D/C power measurement capability.
- I. Pressure Gauges

Three pressure gauges were purchased with the following ranges: 0 to 30 ounces per
square inch, O to 100 psi, 0 to 200 psi. A vacuum and g’r‘essure gauge with a range of 35
inches of vacuum to 15 psi of préssure was also purchased. These gauges were used to -
measure the pressure in the discharge pipe of the pump, the pressure of the natural gasv in the
gas meter, and air line pressure (if needed).
J. Portable Gasoline A/C Generator

The torque cell requires AC poWer. A standard portable 1.8 kilowatt gasoline generator
was used to provide AC power at 110 volts.
K. Hand Tools

Standard hand tools were purchased for installation and rnaiptenance of the festing
equipment. Tools include combination wrenches, adjustable wrenches, pipe wrenches,
ratchets and sockets, and standard and philip screw drivers.
L. Equipment Traiiler

We designed and constructed a trailer to hold and transport all of the required testing

equipment (Fig 4). The trailer was equipped with 8 doors to provide convenient access to the
testing equipment located on two internal shelves. An open door warning light was installed

fqr the rear two doors and located such that it was visible in the rear view mirror.

18
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The trailer's specifications are as foﬁows:
3,600 1b axle, |

20 gauge shect steel skin, |
1" square 'tuBing frame,
weather proof,

. locking doors, and
2" _loéidng ball coupler,
1,000 Tb ram jack.

: M.‘ Laptop Computer 4
A lgmgp_mglmmd portable ink-jet printer were used to perform pumping
plant efficiency analysis m the field and to print out the results. The specifications of this‘ -

computevrvare:
80386 25 MHz processor,
120 MB hard drive,
256 grey scale VGA display,
irntegrated track ball mouse
4MBRAM,and
3.25" internal floppy disk drive.
The specifications of the portable- ink-jet prihtér are:
paper supply speed: 6.7 seconds/sheet
size:\‘15.4" wide, 2.1” long, 8.5” high,

weight: 1.8 1bs.
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IV. Testing Procedures

Testing procedures for internal cotﬂbustion .and electric pumping plants are discussed in
this section, as well as some common problems encountered.
A. Testing Procedure for Internal Combustion Engine Power Units
The testing procedure for all internal combustion engines (natural gas, diesel or dual
fuel) is similar.
1. Torque Meter Installation
The torque meter .measures the power output of the engine. Installatidn of the torque meter is
as follows:
a. The operating drive shaft between the engine and gear head is removed.
b. The dial indicator is positioned on the face of the gear head ﬂange.. The flange is
then slowly rotated to measure the maxunum deviation. If the maximum deviation
is more than 0.03 inches, the torque cell is installed with a shim to try to obtain safe
and smooth operation. |
¢. The torque cell is installed on the gear head flange.
d. The adapter drive shaft is installed between the engine ﬂange and the torque cell.
2. Engine Fuel Use

For natural gas engines, ‘we install our gas meter between the supply pipeline and the
intake of the carburetor using flexible rubber hoses (for accuracy, the gas meter must have a
pressure monitoring port and a known drive pressurg). If the exiétiﬁg gas meter is uséd, the -

gas company must be contacted to obtain the correction factor for that particular meter.
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For diesel engines, the test fuel ténk is installed between the main supply tank and the
fuel intake port of the engine. A three-Way valve selects the source of fuel supply. Since
most diesel engines return excess fuel to the main supply tank, the return line must also be
connected to the test fuel tank A scale measures the weight of fuel consumed by the engine
during iesting. The weight of fuel is converted bto volume with the fuel’s density measured
with a hydrémeter. For dual-fuel engines (operating on natural gas and diésel simultaneously)
both the natural gas and the diesel fuel connections are used.

3. Static and ‘Pumping. Water Levell

The well sounder is inserted into the well bore through an access port usually found in

the pump base. If rfxiSsihg, an access hole ié drilled where possible. After testing, the newly
drilled access hole must be plugged.
| 4. Discharge Pressure

A pressure gauge is installed on the discharge pipe as close to the pump as feasible. If a
suitable port is not available, a port is drilled where possible.
5. Flow Rate

The ultra-sonic flow meter ‘ié attacﬁed to the outside of the dischargé pipe as close to the
- pump as feasible. When this is not practical (due to such situations as too short of a straight
run, too much turbulence, or excessive pipe conosion) flow is measured at another boint in
the water distribution system or at a discharge point  with an inline flowmeter.

6. Warm-
After all equipment is installed, the motor is started and brought up to normal operating

temperature. The pump is then engaged and brought up to normal operating speed. The
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system is allowed to operate until all air is flushed out of the discharge pipe lines and normal
voperating pressures are achieved. |
1. Testing

Engine torque, engine speed (rpm), engine. output horsepower, wat‘er» flow rate, discharge
pressure, pumping lift, and fuel consumption are recorded on the appropriate field data sheet
(see _Appendix A). The test data is collected during 3 to 5 repetitions. Following testing, the
pumping plant is shut-down, the testing equipment is removed, and the unit is restored to its
originai status. |
8. Data Analysis v

The data collected during testing is entered into TIPPES (Texas Irrigation Pumping Plant
Efficiency Software) on the laptdp computer; The software performs all necessary
calculations and prints a report with the pc;rtable ink-jet printer. Included in the report are:

1. the measured efficiency of the engine,

2. the measured efficiency of the pump,

3. the overall efficiency of the pumpiﬁg plant,

4. the operational costs based on the actual fuel prices, and

5. projected savings with improvements to the pumping plant (to bring the unit up to

standard efficiency).

B. Testing Procedure for Electric Power Units

Testing electric pumping plants is simpler and takes less time than internal Ac.ombustion
units. Most electric bcwer units are coupled directly to the pump, so that it is impossible to

install a torque meter.
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1. Motor Efficiency

Since most electric pumping plants do. not use drive shafts, the efficiency of the motor is
estimated based on Motor Master. Motor Master is a software package containing efficiency
data on most grades of electric motors. Motor Master is distributed by the Washington State
Energy Office. ‘

- 2. Static and Pumping Water Level

The well sounder is inserted into the well bore through an access port usually found in
the pump base. If missing, an acc;ass hble is drilled where ‘possible. After testing, the newly
drilled access hole must be plugged.

3. Discharge Pressure

A pressure gauge is installed on the discharge pipe as close to thew pump as feasible. Ifa
suitable port is not available, a port is drilled where possible.
4. Flow Rate

The ultra-sonic flow meter is attached to the outside of the dischérge pipe as close to the
pump as feasible. When this is not practical (due to situations such as too short of a straight
run, too much turbulence, or excessive pipe corrosion) flow is measured at another point in
the water distribution system.

5. Electric Power Consumption

The motor control box is opened, and the electrical leads and contacts are inspected to
determine if the power probe can be safely used. In some cases, there is not sufficient
clearance between the leads, fuse assembly, starter vrelay, and the control box. With the motor

operating, the power probe is clamped around the electric leads and a second connection is
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made on the line of the phase being measured. The probe measures the amps and kilowatt
load of each phase of the motor. The kilowatt load of each phase are added together to
determine the electrical power consumption of the motor. |

Wherever feasible, the power prébe measurement is used instead of an existing meter.
This is because with an existing meter it is often difﬁcult to obtain an accurate power
consumption in a reasonable length of time. If the pumping plant draws more than 660 volts,
connection of the power probe is not recommended by the probe’s manufacturer. In these
cases, a dedicated electric meter from the power supplier must bbe used to measure the
electrical power consumption.
6. Pre-test

The pump is engaged and brbught up to normal operating speed. The system is allowed
to operate until all air is ﬂushed 6ut of ‘the discharge pipe li.nes} and normal operating
pressures are achieved.
1. Testing

The flow rate, discharge préssure, input power and pumping lift are recorded on the field
data sheet (Appendix A). The apprppriate data is collected during 3 to S test repetitions.‘ |
When all data has been collected, the equipment is removed and the control box is closed.
8. Data Analysis

The data collected during testing is entered into TIPPES (Texas Irrigation Pumping Plant
Efficiency Software) on the laptop corﬁputer. The software performs all necessary calculations
and prints a report with the portable ink-jet printer. Included in the report are:

1. the estimated efficiency of the engine (from the Motor Master software package),
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2. | the overall efficiency of the pumping plant,

3. the operatiorial costs based on the current fuel prices, and

4. projected savings with improverhents to the pumping plant to bring the unit up to

standard efficiency.
C. Common Problems

About one quarter of the pumping plants we encountered did hot have wéll bore access
ports. In some cases, an access port can be drilled in the pump base support or in the well
casing. Tlus port is plugged after the testing is completed. If an access hole cannot be
installed, the pumping lift must be estimated using the water level in a nearby well or by
other means.

Another problem frequently encountered was warped flanges on the gear head. Our
torque meter is about 14” long and Weighs over 100 pounds. Excessive vibration of the
torque meter could potentially cause a failure of the gear head. Sometime inserting shims
between the torque meter and the gear head flange reduced the vibration to an acceptable
level. We had success with shims made from pieces of aluminum cans. If shims do not
reduce the vibration, the torque meter is immediately removed and the test is completed
without it. However, without the torque meter, the engine efficiency and the pump efficiency

cannot be separated from the overall efficiency of the pumping plant.
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V. TIPPES

TIPPES (Texas Irrigation Pumping Plant Evaluation Software) was develbped in this
project and performs all necessary célculations for determination and reporting of pumping
plant efficiency test results. The software is written in Visual Basic for DOS and considers
four types of power units: diesel, natural gas, electric, and dual-fuel (diesel and natural gas).
" The softwére calculates efﬁéicncies, fuel or power consumption, average flow rate, total head
and the potential savings, stores the test data, and generates a printec.l' report. Appendix C
contains a comblete summary of the equations used in TIPPES. The TIPPES users guide is
in Appendix G and a copy of the software is included on a diskette with this report. David

Smith and Ed Wilson assisted in the design of the software and in programming.
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VL Data Base

A data base contammg aﬂ pumping plant gﬁ’iciency test résults was created in dBase.
The .'data base contains 15 fields of .data as follows: |
1. test identification number,
2. irrigation method,
3. engine model,
4, engixx? pm, -
5f éngine horsepower,
6. engine fuel consumption, |
7. éngine eﬁiciency, '
8. volumetric water flow ra'té,
9. pumping lift,
10. discharge pressure,
11. pump efficieﬁcy,
12. overall efficiency,
13. pumpmg cost pef hour,
14. pumping cost per acre_—iné_h, and
15. pumping cost per acre-inch f:er 100’ of head.
A print out of the data base can be found in Appendix D and a diskette containing the data is

included with this report.
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VII. Cooperators

- Cooperating organizations in testing areas are indispensable. Local organizations such as
water conservation districts, public utilities, and irrigation districts help by identifying and
contacting growers interested in having a test performed and by scheduling efficiency tests.
Whenever f)osible, we allowed the coopérating organization to determine the local testing
schedule. We requested these organizations provide personnel to assist with the installation
of test equipment.

The following is é list of agencies and organizations that cooperated with us in this
project.
Bay View Irrigation District #11
Cameron County Irrigation District #2
Central Powér and Light Co‘
- Evergreen Underground Watei Conservation District
Hickory Underground Water Conservation District
- Hidalgo County Irrigation District #1
Hidalgo County Irﬁgation District #2
Hidalgo County Irrigation District #6
Medina County Underground Water Conservation District
Mesa Underground Water Conservation District
- Santa Cruz Irrigation District #15

Seco Creek Water Quality Demonstration Project

29



South Plains Underground Water Conservation District
Texas Water Devélopment Board

TU Electric Co.

 United Irigation District

Upper North Bosque River Hydrologic Unit Projecf

Uvalde County Underground Water Conservation District
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VIII. County Test Results

We tested irrigation pumping plants in 25 co_ﬁnties throughout' Central, South and West
Teias as shown in Fig. 5. In Tables 5; 6, and 7, the test results are summanzed for each
county. Information is provided on the number of units tested in each county, the average
overall efficiency, fuel use, and water costs. Water costs are given‘i.n terms of the cost of
fuel to produce an acre-inch of water, and the fuel costs to produce an acre-inch with 100 ft
head. This standardized cost i§ useful in comparing units operatihg at different lqadé.

Table 5 lists the averages from 65 diesel pumping plant efficiency results in 14 counties.
Overall efficiencies ranged from a low of 10.9% in Brazos County to a high of 23.1% in
Culberson County. The mean overall effiéiency of 18.1% is slightly lower than the 19.3%
reported By New (1986).

The overall efﬁcicncie§ from the nafural gas tests (Table 6) show a range from 7.5% in
Terry Cdunty to 17.9% in‘ Hidalgo County. The mean overall efficiency of 13,1% is higher
thaﬁ the 11.6% reported by New (1986), primarily due to the larger power units in our tests.

"The overall efficiencies of the electric power units (Table 7) varied significantly form
27;8% in Waller County to 63.4% in Hidalgo County. Generally, the larger the power unit

(in kw-h), the more efficient the pumping plant. |
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Table 5. Diesel Pumping Plant Test Results by County.

County Number Airerage Average Average - Standardized
Tested Overall Fuel Use Cost Cost
‘ Efficiency (gal/hr) ($/Ac-in) ($/Ac-in)
Atascosa 5 15.8% 34 $1.69 $1.75
Bexar 6 122% 38 $1.01 $0.80
Brazos 1 10.9% 12 $0.57 $0.61
Culberson 2 23.1% 85 $1.72 $1.95
Frio 4 18.9% 11.3 $3.62 $3.67
Jackson 4 153% 93 $1.30 $1.30
Mason 2 _17.6% 58 $4.17 $2.68
McCulloch 1 18.5% 3.2 $2.27 $3.35
Medina 24 24.1% 8.1 $1.51 $1.43
Starr 4 15.5% 5.0 $0.81 $1.04
Uvalde 7 13.9% 5.4 $1.28 $1.21
Waller 3 19.7% 43 $1.03 $1.22
Wilson 1 23.9% 2.5 $0.43 $0.39
Zavala 1 12.5% 1.6 s121 $1.27
Mean 18.1% 65 $1.21 $0.83
Standard 0.064% 38 $2.55 $2.50
Deviation
Total 65

Standardized costs based on $0.65/gallon
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Table 6. Natural Gas Pumping Plant Test Results by County.

County - - Number Average Average Average Standardized
' Tested Overall - Fuel Use Cost Cost
Efficiency (Ceffhr)  ($/Ac-in) ($/Ac-in)
Bexar 1 141% 911 $0.90 $0.53
Dawson 1 o 11.5% 544 - $L.73 - $1.79
Frio 4 17.3% 1445 $2.10 $2.53
Hidalgo 6  179% 3652 - $0.20 $0.17
Hudspeth 7 11.4% 1314 $055  $0.96
Jackson 7 14.3% 11700 $1.04 $0.93
Medina 2 © 16.2% 1525 $1.56 $126
Pecos 26 14.3% 1675  $106  $171
Starr | 4 11.1% 1044 $084 $1.11
Terry 3 7.5% 343 $1.05 $1.61
Uvalde 1 9.2% 462 $044  $050
Zavala -2 12.6% 1537  $2.58 $2.64
~ Mean - O 131% 1592  $1.39 $0.76
Standard ©0.035% - 958 $3.92 $3.11
Deviation
Total | 64

Standardized cost based on $3.25/Mcf
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Table 7. Electric Pumping Plant Test Results by County.

Standardized

County Number Average Average Average
' Tested Overall ~ Fuel Use Cost Cost
Efficiency (kw-h) ($/Ac-in) ($/Ac-in)

Atascosa 3 42.9% 33.9 $2.64 - $3.04
Cameron 8 52.6% 32.5 $0.14 $0.14
Comanche 7 46.4% 8.7 $3.41 $1.79
Culberson 1 48.2% 41.0 $5.49 $4.70
Dawson 5 52.6% 24.7 $1.64 $2.31
Erath 16 35.8% 5.6 $1.99 $2.09
~ Gaines 11 44.4% 17.8 $2.19 $2.47
Hidalgo 21 63.4% 2385 $0.29 $0.29
Hudspeth 2 58.8% 35.0 $0.65 $1.01
Jackson 1 51.7% 56.6 $1.02 $1.19
McCulloch 1 45.0% 56.3 $3.23  $2.85
Medina 10 58.3% 125.3 $2.04 $2.30
Presidio 5 36.2% 24.4 $0.54 '$0.43
Starr 6 44.0% 59.8 ~ $0.93 $0.94
Terry 6 442% 17.3 ~ $3.05 $2.50
Uvalde 8 42.2% 69.4 $1.36 $1.63
Waller 1 27.8% 1168 $2.85 $3.26
Zavala 3 49.8% 91.3 $2.18 $2.07
Mean T a6w 769 $1.94 $1.49
Standard 0.155% 92.2 $6.03 $6.45
Deviation

Total 115

Standardized cost based on $0.07/kw-h
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IX. Regional Descriptions and Testing Results

We grouped the 25 counties wherevtesting was performed into 10 Test Regions as
illustrated in Fig 5. These test regions are sifnilar- in thé types and sizes of power units,
pumping lifts and flow rates. The test results are shown for each power unit by test region in
Tablo;s 8,9, 10, 11 and 12. In this section, each test fegion is described, including
information on water supplies, water quality, pumping conditions and measured overall
efficiency.

A. Central Test Region

The Central Test Region includes Comanche, Erath, Mason and McCulloch Counties.
The main source of irrigation water in Comanche and Erath Counties is the Trinity Aquifer, a
mainly shallow sand formation. The TDS (total dissolved solids) of the groundwater ranges
from lgss than 500 to 3,000 ppm (parts per million; source: TWC, 1989). Most of the wells
in Comaﬁche and Erath counties are less than 6” in diameter with small electrical submersible
bumps. The average rﬁeasured pumping lift (frorh wells) was 115 feet with an average
measured pumping rate of 47 gpm (gallons per minute).

To maintain an ample irrigation water supply, many irrigators pump from their wells
into small reservoirs. When irrigating, they pump ouf of these small reservoirs into their |
distribution systems. Well yields tend to fall off bsigniﬁc’antly toward the end of the pumping
season. To compensate, many irrigators increase the back pressure on the pumps to avoid
cavitation.

Our testing was performed late in the pumping season after a long dry period.
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Damage from cavitation, wear from pumping sand, and operational points outside the high
efficiency enifelope resulted in measured overall efficiencies in tﬁese counties to be very low,
averaging only 39.1%.

The Hickory Aquifer serves as the major water sourcé for Mz_lson afxd McCulloch

Counties. The Hickory aquifer is comprised mainly of sand and sandstone. The TDS of

Water from the Hickory aquifer in the test region ranges from less than 500 to greater than
10,000 ppm (TWC, 1989). These counties have avcrége lifts of 254 feet and average yields
of 512 gpin. |

- Overall efficiencies in Mason and McCulloch Counties were below standards of 22.8%
overall efficiency for diesel and 67% overall efficiency for electric units. The measured
overall efficiencies were 17.9% for diesel units and 45.0% for electric units.

In the Central Region we tested 24 electric and 3 diesel pumping plants. Regional
summaries can be found in Appendix F. The average overall efficiency of diesel plants was
17.9%, and the average overall efficiency of electric plants was 39.9%.

B. Edwards Test Region

The Edwards Test Region consists of Bexar, Medina, and Uvalde counties. The
Edwards Aquifer was the water supply for the pumping plants tested in these three counties.
The Edwards Aquifer is a consolidated limestone formation. The Edwards Aquifer TDS
levcl_s range from less than 500 to 1,000 ppm (TWC, _1989). The pumping lift vaﬁes from |
ﬂowing artisan in Bexar County to pumping lifts as high as 330 feet in Medina County, with
a regional average of 144 feet. The well yields in this region are very high, up to 4,414 gpm.

The average pumping rate is about 1,600 gpm.
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The average measured overall efficiency of the 37 diesel plants tested was 21.4%, only
slightly below the standard. Average overall efficiency of the 18 electric plants tested was
51.1%. The average overall efficiency of the 4 natural gas plants tested was 13.9%.

C. Far West Tesf Region | | |

The Far West Test Region includes Culberson, Hudspeth and Pecos Counties. The
mainly sand and gravel West Texas Bolsons Aquifers are the main sources of water for
'Culberson‘ County. The TDS of these aquifers range from 1000 to 3000 ppm (TWC, 1989).
The average pumping lift is 275 feet and average pumping rate is 1,122 gpm. Hudspeth
Qum's main irrigation water supply is the Bone Spring-Victorio Peak Aquifer. The TDS of
this aquifer is less than 500 ppm. Hudspeth County has an averaged pumping lift of 109 feet,
and flow rates average 1,803 gpm. The Edwards-Trinity Aquifer is the main wéter supply for
Pecos County. TDS for this aquifer rangés from 1,000 to 3,000 ppm (TWC, 1989). Avérage
pumping lift is 219 feet, énd average pumping rate is 1,432 gpm.

Average measured overall efﬁc;iehcies of the 2 diesel plants tested was 23.1%.
Average overall efﬁciency of the 3 electric plants tested was 55.3%. The averagé efficiency
of the 33 natural gas plants teéted was 13.7%. With the exception of Hudspeth County, the
water is clean but corrosive. Low efficiencies are most likely due to corrdsion of the pumps.
D. Gulf Coast Test Region |

The Gulf Coast Test Region consists of Jackson and Wharton counties. The Gulf
Coast Aquifer was the source of water for all pumping plants tested in this region. The
Agquifer is a sand and gravel formation. The ‘TDS of the Gulf Coast Aquifer ranges from less

than 500 to 1,000 ppm (TWC, 1989). The average pumping lift was 136 feet, and average
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flow rate was 1,895 gpm.

The average overall efficiency of the 4 diesei plants tested was 15.3%. The efficiency
of the only electric plant tested was 51.7%. The average efficiency of the 7 natural gas plants
tested was 14.3%. Wear from pumping sand is the likely reason for pumping plant
efficiencies to be below the standards. |
E. Lower Rio Grande Valley Test Region

Cameron and Hidalgo Counties comprise the Lower Rio Grande Test Region. The
Rio Grande River is the water source for this region. TheV TDS of the river in this region
averages about 664 ppm (TWC, 1992). The average pumping lift was 20 feet, and the
average flow rate was 22,575 gpm. Most of the pumping plants in this region are qwned and
operated by ix-rigation districts. These districts use very large pumping plants to lift water
from the Rio Grande River iﬁto distribution canals where, in most cases, water flows by
gravity to fields. However, inbthe easterh and western parts of the region, smaller secondary
lift pump are required. Pumping plants tend to have been properly designed and are well
maintained.

The average overall efficiency of the 29 electric plants tested was 60.4%, only slightly
below the standard. Average overall efficiency of the 6 natural gas plants tested was 17.9%,
also only slightly below the standard. |
F. Presidio Test Region

The Presidio Region consist of Presidio County. The Rio Grande Riyer was the water
source for units tested in this region. The TDS of the river in this region ranges from 580 to

1500 ppm (TWC, 1992). Average pumping lift in this region was 22 feet, with an average

43




ﬂow rate of ‘1,796 gpm.
| The average overall efficiency of the 5 electric plants tested was 36.2%, well below
the sfandard. Aging pumping plants and corrosive water most likely are the cause of |
efficiencies being below the standard.
G. South Test Region

The South Region is Starr County. Individual farms or irrigators pump water from the
Rio Grande River for irrigatiqn purposes. TDS of the river in this region is 500 to 1,000 ppm
(TWC, 1992). Average pumping 'lift was 36 feet, aﬁd the average flow rate kwas 1,943 gpm.
The average measured overall efﬁciency of the 4 diesel plants tested was 15.5%.
The average overall efficiency of tﬁe 6 electric plants tgsted was 44.0%. The average overall
efficiency of the 4 natural gas plants tested was 11.1%. Corrosive water is the most probable
cause for the efficiencies being below the standards.
H. Southeast Test Region

The Southeast Test Region includes Bmzds and Waller Counties. Most irrigation
water in Brazos County is pumped from the alluvial formation along the Brazos River. The
TDS of the water from these wells ranges from 1,000 to 3,000 ppm (TWC, 1989). In Waller..
County, irrigation water is pumped from the Gulf Coast Aquifer. The averagé pumping lift
was 140 feet, with a flow rate of 960 gpm.

The average overall efficiency of the 4 diesel plants testéd was 17.5%. The overall
efficiency of the single electric plant tested was 27.8%. One of the diesel plants was small
and the other two pumps (ciiesel and electric) were prébably worn from sand. The electric

motor on the electric unit produced a lot of heat and was véry noisy, which could be a signs
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of a problem.
L. Southern High Plains Test Regibn

Dawson, Gaines and Terry Counties comprise the Southern High Plains Test Region.
All irrigation water is pumped from the Ogallala aquifer. The TDS of the Ogallala aquifer in
tlus region ranges from 500 to 3,000 ppm (TWC, 1989). The average pumping lift was 106
feet, and the average flow rate was 275 bgpm | |

Average overall pumping plant efficiency of the‘22 electric plants tested was 46.2%.
The average overall efficiency of the 4 natural gas plants tested was 9.7%. The most likely -
reasons for the efficiencies being well below the stimdards is wear from pumping sand and
damage caused by cavitation. |
J. Winter Garden Test Region

The Wihter Garden Test Region.is made up of Atascosa, Frio, Wilson, and 'Zavalav \
Counties. The Carrizo-Wilcox A‘quifer is the main water source for irrigation in this region.
The TDS of the Carrizo—Wilcdx aquifer in this regidn ranges from less than 500 to 1,000 ppm
(TWC, 1989). This portion of the Carrizo-Wilcox is geothermal and groundwater
temperatures range from 95° to 120° F. Pumping plants in this region had average pumping
lifts of 236‘ feet and average flow rate of 823 gpm.

The avgrage measured overall efficiency of the 11 diesel plants tested was 17.4%.
The average overall efficiency of the 6 eleétric plants tested was 46.3%. The average overall}
efficiency of the 6 ﬁatural gas plants tested was 15.7%. Possible reasons for efficiencies
being below the standards ére wear from pumping sand and wear from overheating of the

components that are exposed to the high temperature of the ground water.
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. X. Potential Savings

A. Potential Energy Savings of Individﬁal Pumpihg Plants

The potential energy savings for individual pumping plants was calculated with
TIPPES (Texas Irrigation Pumping Plant Evaluation Software). This saving is based on the
difference between the measured efficiency of the pumping plant and the standard efficiency.
This savings represents the potential fuel-cost savings if the pumping plant is Brought up to
the standard (by repalr or replacement). Fuel costs savings are calculated sepaxately for the
engine and pump where possible. .These values are included in Appendix D. Potential
savings range from $0.00 to $16,820 a year. -
B. Potential Savings of 244 Pumping Plants

The potential savings with ifnprovements in 244 of the pumping plants tested is
illustrated in Fig 6. The 65 diesel pumping blants could potentially save a total of 150,383
gallons of fuel a year, the 64 natural gas could potentially »save a total of 51,908 Mcf a year,
 and the 115 electric could potentially save a total of 3,449,623 kwh of electricity per year.
Assuming costs of $0.65 for diesel, $3.25 Mcf for natural gas, and $0.7 kwh, .the potential

energy savings has a value of $507,920 per year.
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XL Safety Check Lists

. A safety check list (Appendix A) was completed for 71 irﬁgation pumping plants.
The safety check identifies pote‘rlltial‘ hazards m and around the pumping plant. The check-list
identifies safety hazards related to the vpr'otection of the operator and well head protectioﬁ
(Table 13). We observed that 54% of drive shafts laéked guards, 65% lacked head shaft
covers, and all engines produced dangemus’néise levels (defined as sound pressure greater
than 90 dBA measured head level at the engine control panel). We observed that 42% of all
well installations did not meet current construction standards for well headuprotection.

Additionally, about 1/3 of all pumps lacked a backﬂow prevention device (check valve). '
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Table 13.  Safety Check-list Summary

Wellhead Protection
Concrete Slab

Pump Base

Check Valve

Driveshaft
Guards
Bolts
U-joints
Barrel

Slip Spline
Flanges
Environment

Gear Head

Head Shaft Cover
Ratchet Pins

Housing Condition
Pump Base Condition

Internal Combustion Engine
Emergency Kill Switches
Position of Motor Controls
Position of Clutch Controls
Fuel Line Condition & Position
Noise Level

Electric Motor
Control Box Condition
Proper Grounding
Conduit to Motor

Adequate

32
60
45

27
61
59
60
57
55
. 61

42
.47
57
57

59
61
52
60
0

10
10
8

Inadequate

20
5
0

O WOOOO

coocown co~—o

(oo B o Y am )

Dangerous

cool}] ocoocco~oy

Qmocoo
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XII. Energy Value of Diesel Fuel -

In calcﬁlaﬁng the energy supplied toa diescl éngi_ne, a diesel fuel et;ergy content of
136,000 BTU/gallon is assumed (Barger, et al 1963). During the project, 10 samples of
diesel fuel were taken at random and analyzed for BTU content in a Parr Instrument
Company wm'using a standard combustion heat test. The resﬁlts are
shown in Fig. 7. The enefgy value ranged from a low of 133,603 BTU/gﬁllon to é high of
139,147 BTU/gallon. The average energy content was 136,600, BTU per gallon. We used
: 136,000 BTU/gauon for the caléulatidns reported- here, which lead to a margi_niof error of

+2%.
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Energy Content of Diesel
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XIIL Personal Observations by Byron Neal

Over the past two years and from prior experience, my impressioné are that irrigators
do not think about their pumping plants until something goes wrong. As long as the pumping
plant provides enough water at the right pressure, irrigators do not take any measurements or
make any adjustments to improve pumping plant performance. When something does go
wrong, they solve the problem in the least expensive way, either by buying a used pump or -
by buying a surplus motor. The least expensive could tum out to be very expensive.

| Purchasing a surplus motor may result in a grossly over-sized power plant which
consumes excessive amounts of fuel, although providing the pump with the needed power. A
motor that is properly matched to the power requirements of the pump should use less fuel
and last longer that an oversized motor.

Purchasing a used pump may result in a pump that will provide the volume of water at
the pressure thét the irrigator wants, but it might do it at low efficiency. The pump will often
require more power and the motor will use more fuel to provide that extra power, thus
making it cost more to itrigate.

Irrigators want and need to know the information that pumping plant efficiency testing
provides. Moreover, they need the first-hand invélvement in their system in the presence of
an objective professional ‘engineer, or an energy or safety technician. Pumping plant
efficiency testing provides irrigators with another management tool. This tool can. be uséd to
reduce energy use and lowe; the cost of producing agricultural products and keep them in

business.
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TEXAS AGRICULTURAL EXTENSION SERVICE
IRRIGATION PUMPING PLANT EFFICIENCY TESTS

- DIESEL POWER UNITS
Owner '. ’ | _ Date
Location . Irrigation Method
County Tested by
Average Annual Operation Time hr/yr Diesel Cost $ /gal
ENGINE DATA: , |
Brand Cylinders Turbo
Model Other
PU ATA: _ v '
Brand Size RPM Ratio (H:V)
DIESEL DATA: Temp (°F)  Density )
MEASUREMENTS:
Output Power:
Torque RPM ' Horsepower
1. - 1. _ 1.
2. 2. 2.
3. 3. 3.
4. 4. 4
5. 5. 5
Fuel:
Pounds Seconds
1. 1 :
2. 2
3. 3
4. 4
5. 5
Static Water Level (ft)  Pumping Water Level (ft)
Discharge Pressure (psi) * 2.31 = (ft)
Total Head (ft) Water Temp (°F)
Flow Rate , ) , , s (GPM)
~ Engine Noise Level (dBA)
COMMENTS: ‘
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TEXAS AGRICULTURAL EXTENSION SERVICE
IRRIGATION PUMPING PLANT EFFICIENCY TESTS

NATURAL GAS POWER UNITS
Owner Date
Location v Irrigation Method
County : Tested by
Average Annual Operation Time hr/yr Natural Gas Cost $ /Mcf
ENGINE DATA:
Brand Cylinders Turbo
Model Other
PUMP DATA:
Brand : Size RPM Ratio (H:V)
MEASUREMENTS:
Output Power:
Torque RPM Horsepower
1 1. 1. —
2 2. 2
3 3. 3
4 4. 4
5 5. 5
Fuel:
Metered Cubic Feet  Seconds ' Meter Pressure
1. L ' 1. (psi/oz.)
2. 2. 2. (psi/oz.)
3. 3. , 3. (psi/oz.)
4. 4. 4. _(psi/oz.)
5. 5 5. (psi/oz.)
Static Water Level (ft)  Pumping Water Level - (ft)
Discharge Pressure (psi) * 2.31 = (ft)
Total Head _(fY) Water Temp C°F)
Flow Rate , , , , (GPM)
Engine Noise Level (dBA)
COMMENTS:
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TEXAS AGRICULTURAL EXTENSION SERVICE
IRRIGATION PUMPING PLANT EFFICIENCY TESTS
ELECTRIC POWER UNITS

Owner | ' Date
Location ' Irrigation Method
County : " Tested by

Average Annual Operation Time hriyr  Electric Cost $ _/Kw-h

MOTOR DATA:

Brand Type Horsepower Serial No.
Voltage Amperes Phase RPM S.F.
Estimated Efficiency __~ (%) '

PUMP DATA: -

Centrifugal ___ Propeller __ Turbine ___ Pump Setting (ft) No. Stages
Brand Model Size Impeller Size (in) Type
- Nameplate: GPM Head RPM Measured RPM

MEASUREMENTS:
Electricity Input:

Kw-h (Disc Method):
Mm*(Rev*3.6*k,)/Sec = (KW Input)

Kw-h (Instrument Method):

Line: KW’s Amps - Volts
AB : .

BC

CA

Static Water Level (ft)y Pumping Water Level (ft)
" Discharge Pressure (psi) * 2.31 = (fty

Total Head (ft) Water Temp CF)

Flow Rate R , , , (GPM)

COMMENTS:

A3



TEXAS AGRICULTURAL EXTENSION SERVICE o
IRRIGATION PUMPING PLANT EFFICIENCY TESTS

DUAL FUEL POWER UNITS
Owner Date
Location _ Irrigation Method
County . Tested by :
Average Annual Operation Time hr/yr Diesel Cost $ /gal
' Gas Cost §___-__/Mcf
Brand : Cylinders Turbo ____
Model Other .
PUMP DATA:
Brand Size RPM Ratio (H:V)
DIESEL DATA: Temp _ (°F) Density - (V)
MEASUREMENTS:
Output Power: '
- Torque RPM Horsepower
1 1. ' 1.
2. 2. 2
3 3. 3
4 4, 4
5 5. 5
Fuel:
Diese :
Pounds Seconds
1. - 1. '
2. 2
3. 3
4. 4
5. S
Natural Gas
‘Metered Cubic Feet Seconds : . Meter Pressure
1 1. 1 (psi/oz.)
2 2. 2 (psifoz.) |
3 3. 3 (psi/oz.)
4 4. 4. (psi/oz.)
5 S. 5. ' (psifoz.)
Static Water Level (ft) Pumping Water Level _(ft)
Discharge Pressure (psi) * 231 = (ft)
Total Head _ (ft) Water Temp CF)
Flow Rate , e y , (GPM)
Engine Noise Level (dBA) '
COMMENTS:
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A. List of Terms

Shaft hp |
Fuel Consumption
input hp

engine efficiency

- ,

‘ o

- pounds

y

density

FHV

pumping lift
discharge pressure
total head

095

. gpm

annual operation
fuel cost

elecost

conversion

meterpress

. atmo

LIST OF TERMS AND UNITS

=output horsepower of motor

= diesel-(gallons/hqur), natural gas-(cubic feet/hour)

= input horsepower to the motor

= (%)

= torque (inch-pouhds)

= engine speed (revolutions/minute)
= weight of diesel consumed in “sec”
= specific gravity of diesel

= density of diesel (pounds/cubic foot)

= fuel heat value; diesel-(BTUlgallon),

natural gas-(BTU/cubic foot)

= (feet)

= (ps))

= (feet)

= geaf head efficiency (decimal)

= flow rate of water from pumping plant (gallons/ininute)
= (hours) |

= diesel in/gallon, natural gas-in/MCF

= electricity cost ($/KW-hr)

= pressure conversion to standard pressure

meter pressure (psi or ounces)

atmospheric pressure (psi or ounces)

Bl



meterdrive

rev

metercoeff

standard cost per hour

SEE

CEE
SEP
Savings

3 Year Savings

B. Conversion Factors
33,000 foot-pounds

12 inches

600 seconds

7.481 gallons

2545 BTU

2.31 feet of water (head)
3960 gallon-foot

450 gpm-hr

1.34 hp

1000 cubic feet

= meter drive = 0.25
= revolutions of the meter dial in “sec”
= meter factor
= ($/hr)
= standard éngine efficiency (decimal)
diesel, 0.32
natural gas, 0.26
electric, 0.90
dual fuel, 0.27
= current engine efﬁciency (decimal)

= standard efficiency of the pump (decimal), 0.75

($/hr)
6))

= 1 hp-minute
= ] foot |
=1 hour

= 1 cubic foot
= 1 hp-hour
= 1 psi

= 1 hp-minute
= | acre-inch
=1 kw

= 1 MCF

B2



: EQUATIONS.
A. Efficiency

1. Diesel

shaft hp = __”Ts)s(o;psm

pounds x 3600 x 7.481

fuel consumption = - .
sec x Y x density temp adjust

FHV

input hp = fuel co tion x
put hp nsumption 5545
engine efficiency = M X 100%
input hp

total head = pumping lift + discharge pressure x 2.31

GPM x total head
3960 x shaft hp x .95

pump efficiency = x 100%

_ GPM x total head
3960 x input hp

- overall efficiency x 100%

fuel cost per hour = fuel consumption x fuel cost

fuel cost per hour x 450
GPM

fuel cost per acre-inch =

fuel cost per acre-inch _ fuel cost per acre-inch x 100

per 100 foot of head total head

annual operating cost = fuel cost per hour x annual operation

C1

D(1)

D(2)

D(3)

D@4)
D(5)

D(6)

D(7)

D)

D)

D(10)

D(11)



2. Natural Gas

shaft hp = ______T6)3(0;psm

cubic feet x 3600 x conversion
sec

fuel consumption =

meterpress + atmo

conversion = -
atmo + meterdrive

input hp = fuel consumptioh X

2545

engine efficiency = shaft hp x 100%
input hp
total head = pumping lift + discharge pressure x 2.31

gpm x total head 100%
3960 x shaft hp x .95 * ’

pump efficiency =

overall efficiency = gpm X tc?tal head 100%
3960 x input hp

fuel cost per hour = fuel consumption x fuel cost

fuel cost per acre-inch =
gpm

fuel cost per acre-inch _ fuel cost per acre-inch x 100

per 100 foot of head total head

annual operating cost = fuel cost per hour x annual operation

C2

fuel cost per hour x 450 :

N(1)

N@)

N@3)

N@)

N(5)

N(6)

N()

N(8)

N(©9)

N(10)

N(11)

N(12)



3. Electric

a. Using the "instrument method”
~input hp = KW x 1.34

b. Using the "disc method”

rev X 3.6 x metercoeff x 1.34
sec

X metermult

input hp =

engine efficiency = input by user

shaft hp = input hp x 6111%'136 efficiency

total head = pumping lift + discharge pressure x 2.31

gpm x total head v x 100%
3960 x input hp x engine efficiency

pump efficiency =

gpm X t(?tal head x 100%
3960 x input hp

overall efficiency =

fuel cost per hour = KW x elecost

fuel cost per hour x 450 |

fuel cost per acre-inch =
gpm

fuel cost per acre-inch _ fuel cost per acre-inch x 100
per 100 foot of head total head

annual operating cost = fuel cost per hour x annual operation

C3

E(1)

E(2)
EQ3)
E@4)
E@S)
E(6)
E()
E(8)

E(9)

E(10)

E(11)




4. Dual Fuel

 fuel consumption (diesel) -

shaft hp = ______T6);0;p5m

pounds x 3600 x 7.481

fuel consumption (natural gas) =

meterpress + atmo
atmo + meterdrive

conversion =

'iﬁput hp’ - fuel consump;i;);a4 ;diésel)»,x FHV |

fuel consumption (natural gas) x FHV
2545 ‘

engine efficiency = l—sn-ha;flt—%% x 100

total head = pumping lift + (discharge pressure x 2.31)

: ffici | - gpm x total head - 100
pump eHICIENSY = 3960 x shaft bp x 095

overall efficiency = gpm x total head input hp x 100

fuel cost _ (diesel fuel consumption x diesel fuel coSt) +

per hour ~ (natural gas fuel consumption x natural gas fuel cost)

fuel cost per hour x 450 '
gpm

fuel cost per acre-inch =

- C4

sec X y. x density temp adjustment |

cubic feet x 3600 x conversion , |

DF(1) |

- DF(Q2)

DF(3)

DF(@4)

'DF(5)

DF(6)

DE(7)

DF(8)

DF(9)

DF(10)

DF(11)



fuel cost per acre-inch ' '
: 1
total head x 100 DF(12)

fuel cost per acre-inch per 100 foot =

annual operating cost = fuel cost per hour x annual operation _ | DF(13)

B. Potential Savings of Improving Motor and Pump Efficiencies
1. Diesel

Improving motor efficiency only:
shaft hp x 2545 x fuel cost

tandard cost hour =
stancard cost per oW "SEE x FHV P
- Improving pump efficiency only:
standard cost per hour = SPMLX total head x 2545 x fuel cost | DQ) |
' 3960 x 0.95 x SEP x CEE x FHV '
Improving motor and pump efficiences: | _
standard cost per hour = SPTLX total head x 2545 x fuel cost : DG
| Slancard cost pe 3960 x 0.95 x SEP x SEE x FHV ©)
~savings ($/hr) = fuel cost per hour - standard cost per hour D(4)
3 year savings (§) = (fuel cost per hour - standard cost per hour) x D(5)
3 x annual operation
2. Natural Gas
.Improving motor eﬁ'iciéncy'only: _
“standard cost per hour = shaft hp x 2545 x fuel cost : NG(1)
R _ SEE x FHV x 1000
Improving pump efficiency only:
gpm x total head x 2545 x fuel cost : " NG(Q)

standarc cost Pel 19~ 3960 x 0.95 x SEP x CEE x FHV x 1000

CS



Improving motor and pump efficiencies:

| gpm x total head x 2545 x fuel cost NG(@3)
3960 x 0.95 SEP x SEE x FHV x 1000

standard cost per hour =

Savings ($/hr) = fuel cost per hour - standard cost per hour NG(@4)

3 year savings ($) = (fuel cost per hour - standard cost per hour) X | NG(5)
: 3 x annual operation

3. Electric

Improving motor efficiency only:

shaft hp x elecost EE(1)
SEE ‘

standard cost per hour =

Improving pump efficiency only:

standard cost per hour = gpm x total head x elecost EE(2)

3960 x SEP x CEE x 1.34

Improving motor and pump efficiencies:

' standard cost per hour = gpm x total head x elecost EE(3)
' 3960 x SEP x SEE x 1.34

Savings ($hr) = Fuel cost per hour - standard cost per hour EE4)

3 Year Savings ($) = fuel cost per hour - standard cost per hour x EE(5)
. 3 x annual operation .

Cé6



4. Dual Fuel

diesel fuel consumption x FHV

IHP, = input horsepower by diesel =
d p p Y 2545

5

ng = input horsepower by natural gas

natural gas fuel consumption x FHV

2545
percentd = % of total input horsepower contributed by diesel
_ IHP,
IHP, + IHP,,
percentng = % of total input horsepower contributed by natural gas
i IHP ,
IHP,, + IHP,
shaft hp x 2545

BTU required =
' *d _ SEE
Improving motor efficiency only:

BTU required x percentd
FHV

Standard diesel consumption per hour =

BTU required x percentd

FHV,,

Standard natural gas consumption per hour =

Standard dual _ (fuel cost, x standard diesel consumption per hour) +
fuel cost per hour ~ (fuel cost, x standard natural gas consumption per hour)

c7

DF(1)

DF(2)

DFQ@3)

DF(4)

DF(5)

DF(6)

DF(7)

DF(8)



Improving pump efficiency only:

gpm x total head x 2545
3960 x 0.95 x SEP x CEE

Standard input BTU =

Standard input BTU x percentd x fuel cost,
FHV

Standard diesel cost =

Standard input BTU x percentng x 1000

FHV

Standard natural gas cost =
_ ng

Standard cost per hour = Standard diesel cost +
Standard natural gas cost

Savings ($/hr) = fuel cost per hour - standard cost per hour

3 Year Savings ($) = (fuel cost per hour - standard cost per hour) x
3 x annual operation

C8

x fuel cost,,

DF(9)

DF(10)

DF(ll)

DF(12)

DF(13)

DF(14)
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- IRRIGATION PUMPING PLANT EFFICIENCY TEST PROGRAM - USER'S GUIDE

Introduction

The Irrigation Pumping Plant Ejﬁciency Test Program enables the user to evaluate thé performance of
diesel, natural gas, electric, and duallfuel powered irrigation pumping plants. An economic analysis giving the
potential savings of improving motor and pump efficiencies to standard efficiencies is also provided.
Instaﬂation

To install the Irrigation Pumping Plant Efficiency Test Program insert the disk in drive A or B. Type
“INSTALLA" when using drive A and "INSTALLB" when using drive B. This will create the directories
C:\PUMP and C:\PUMP\EPD. The files PUMP.EXE, PRINTPL.BI and PRINTIT.EXE will be loaded into

C:\PUMP. Printer driver files, *.EPD, will be loaded into the C:\PUMP\EPD directory.

Execution

To run the executable program, type “pump” at the DOS pfompt. Aﬁ introductory or title screen will
appear introducing the program. Press <ENTER> to forward to the “Main Menu”. The main menu gives the
user a choice to enter input data for a new test, to retrieve a file already céntaining input data, or to exit the
program. The Up/Down keys enable the user to change the focus from one option button to another. Simply
“click” using the mouse or press <ENTER> on the desired option button to proceed. | |

The first screen enables the user to enter site information and to choose the engine type to evaluate. The
mouse, <TAB>, and <ENTER> keys can all be used to move from field to field throughout the program.
Following is a list of the required input data for each screen according to engine type. This data must be

entered before a performance evaluation can be computed.
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Input
' Diesel
‘Engine Data: - Diésel cost ($/gallon)
Specific gravity of diesel
Diesel temperature (degrees Fahrenheit_) |
, Annual 'operation (hours) |
Heating value of diésel (BTU/gailon)
| Noiée level of the engine (decibels) |
- Torque (inch-pounds) - first entry box fequired‘for“i”.Complete‘ Eﬁ’iciency Tést"
RPM .;.flrst', entfy box required for “Complete Efficiency Test” o
Pounds (of diesel) - first entry box 'required |
‘Seconds - first entry box required
‘Pump Data:  Pumping lift (feet)
Discharge pressure (psi)
GPM - first entry box mquﬁed
Natural Gas
Ehgine Data: Natural gas cost ($/Mcf)
| - Meter pressure (psi or ounces)
‘Noise level (decibels)
'Heatiﬁg value of natural gas (BTU/cubi¢ foot)
Atmosphc‘ric pressure (psi or qunées)

Anm_xal operation (hours)
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- Torque (inch-pounds) - first entry box required fqr “Complete ,Efﬁciéncy Test"
RPM - first entry box required for ”Coinplete Efficiency Test”
. Cﬁbic feet - first entry box required
, - Seconds - first entry box required
 Pump Data:  Pumping lift (feet) |
| Discharge pressure (psi)
: GPM - first entry box required

f - Motor ‘efficiency (%)
- Pumping lift (feet)
Discharge pressure (psi)
Flow rate (GPM)
Electricity cost ($/KW-hr)
| Annual operation (hours)
Using "Disc Method”:
| | Revolutions
Seconds ' -
Me;er coﬁst_ant |
~Using "In§tLu_’ ment Methéd": |
. v KW' - all entrieé‘ boxes required

Amperes - all entries boxes required

Volts - éll entrie@s' boxes required
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Dual Fuel
~ Engine Data:  Diesel cost ($/gallon)
 Heating value of diesel (BTU/gallon)
| Specific gravity of diesel
| "Dlesel temperature (degrees Fahrenhelt)
| Norse level of engine (decrbels)
L NaturaL 835 cost ($/MCF)
Heating value of natural gas (BTU/cubic foot)
 Meter pressure (psi or ounces) |
E Atmospheric bpress}ureiipksi or.ounces)
':"’Annual operatxon (hours)
Torque (mch—pounds) first entry box requrred for "Complete Efficrency Test"
RPM - ﬁrst entry box requrred for "Complete Effrcrency Test”

Diesel: L Pounds

Seconds
Natural gas:  Cubic feet
Seconds

- Pump Data:» Pumping lift (feet)
Disch’arge pressure (psi)

'GPM - first entry box required
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Output
After entering all necessary input data, select <Alt-C C_alculaﬁons> to view results. Before the output

m is shown, the user is gi?en the opportunity to save all input data to a file. The filename must ndt
exceed eight characters in length. An extension is added to the filename according to the engine type (diesel -
* DSL, natural gaé - *NGS, electric - *.ELC, dual fuel -*.DUL). These ﬁlés are stored under the C:\PUMP
directory and can be retrieved from the main menu. After calculations are made, an output summary is shown.
Following lists the calculated parameters accofdihg to engine type. |
Diesel |

Input horsepower |

Qutput horsepower - N/A when “Overall Efficiency Test Only” was seiccted

Total head (feet)

Noise level (decibels)

Fuel consumption (gallons/hour)

Engine efficiency (%) - N/JA when "Overall Efficiency Test Only” ans selected

Pump efficiency (%) - N/A when “Overall Efficiency Test Only” was selected

Overall efficiency (%) |

Fuel cost per houf ($)

Fuel cost per acre-inch ($) |

Fuel cost per acre-inch per 100 foot ($)
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Natural Gas
‘l ’:_Input horsepower |
| Output horsepower - N/A when “Overall Efﬁctency Test Only” was selected
Total head (feet)
' Noxse level (decibels)
Fuel consumptnon (cublc feet/hour)
Engme efficlency (%) - N/A when “Overall Efficiency Test Only" was selected
| Pump efficiency (%) - N/A when ”Ove;all Efficiency Test Only” was selected
B Oyerall'efﬁciency (%) | | |
: Fuelcostper hour ($)
Fuel eost per ec're—inch (€3]
Fuel cost per acre-inch per 100 foot $)
| Input horsepower
Output horsepower
Tot#l heed‘(feet)
Noise level'(decibels) _
Engine efficiency I(%) “
' Pumpeefﬁeiencf (%) -
| OQerailefﬁeiency (%)"
Fuel cost perhour ® \

: Fuel cost per acte-inch ($)
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Fuel cost per acre-inch per 100 foot %
Dual Fuel
Input horsepower
Output horsepower - NJA when “Overall Efficiency Test Only” was selected
Total head (feet)
Noise level (decibels)
Percent input horsepower
Diesel
Nétural gas
Fuél consumption | |
Diesel (gallons/hour)
Naturél gas (cubic feet/hour)
Engine efﬁciency (%) - N/A when."Overall Efficiency Test Only” was selected
l .P.ump efficiency (%) - N/A whgn "Overall Efficiency Test Only” was selected
Overall efficiency (%)
Fuel cost per hour ($)
] Fuel cost per acre-inch ($)
Fuel cost per acre-inch per 100 foot ($)
Immediately folldwing the output summary, a screen showing the poteﬁtial savings of improving motor,
pump, and motor and pump efficiencies to standard efficiencies for the particular irrigation pumping plant is
displayed. Standard efficiencies are based on average attainable efficiencies for pumping plant equipmén_t.‘

Pump - 75%
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Diesel engine - 32%
Natural gas engine - 26%
Electric motor - 90%
vDual fuel engine - 27%

When the actual motor or pump efficiency is greater than the standard value, "No Savings” will be
reported. If an “Overall Efficiency Test Only” is being conducted on diesel, natural gas; or duai fuel engines,
- "NJA" is reported for “Motor only” and “Pump only” savings.

Printing
To obtain a hard copy of the results, choose <Alt-P Print to File> tb write the results to a temporary
file named "FPRINT.PRT". This file is stored under the C:\PUMP directory. Return to the main menu and
exit the prbgram. To print the report contained in "FPRINT.PRT", type "PRINTIT". A screen will display
a list of available printers determined by the * EPD files loaded into the C:\PUMP\EPD directory. Choose the |
| appropriate pﬁnter to obtain the printed results. Note: "FPRINT.PRT" will contain the same values until a
new test is performed and a new "FPRINT.PRT" file is made.
”Printer Disk 1" and "Prinfer Disk 2” contain *.EPD driver files which can be loaded into the
C:\PUMP\EPD diréctory. Refer to the list of 5§ailable printers and their corresponding printér files at the end

of the manual. Following is a list of available printers stored on “Printer Disk 1” and "Printer Disk 2”.
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Printer Disk 1

AEG

Acer
Brother
CIE

Citizen
CrystalPrint
Epson
Genicom
ImageWriter
Laserline
NCR
Okidata

~ Panasonic

Printer Disk 2

PostScript
Qume
Silvér
- Tandy

- Unisys

ALQ

Alps
»Businesvszland
Cannon
Cordata
DEC

Fujitsu

HP

JDL
Mannesmann
NEC

Olivetti

ProWriter
Ricoh

Star v

Texas Instruments

Xerox

G9

AST

Anadex

C
Centronics
Corona
Diablo
Generic
IBM
Kodak
Matra
OkiLaser

Pacemark

QMS
Seikosha
Starwriter

Toshiba



Diesel Density as a Function of Temperature

 Temperature »(degrees F) Density (pdunds/cubic foot)
<= 50 : 62.422
> 50 and <= 60 62.375
> 60 and <= 70 ‘62.329
> 70 and <= 80 62.251
> 80 and <= 90 62.158
> 90 and <= 100 62.042
> 100 and <= 150 61.531 "
> 150 60.562

Maximum Exposure as a Function of Noise Level

Noise Level (decibels) Maximum Exposure (hours)
<=80 16

> 80 and <= 85 8

> 85 and <= 90 ; 4

> 90 and <= 95 2

> 95 and <= 100 -1

> 100 and <= 105 0.5

> 105 and <= 110 0.25

> 115 : 0
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REQUEST FOR CONTINUED FUNDING -

IRRIGATION PUMPING PLANT EFFICIENCY TESTING PROGRAM

Proposal to the

State Energy Conservation Office
P.O. Box 13047
Austin, TX 78711-3047

October 21, 1994

Submitted by

Dr. Guy Fipps
Texas Agricultural Extension Service
Texas A&M University System
Agricultural Engineering Department
College Station, TX 77843-2117
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Project Description

In this program we test the efficiency of irrigation pumping plants. Where feasible, the efficiency of the
pump and engine are determined separately. The results are used to determine energy consumption and
potential energy and dollar savings with repair of the unit. Using TIPPES (Texas Irrigation Pumping Plant
Evaluation Software), a complete summary of testing results and analysis of the results are provided to the
pump owner immediately following the test (TIPPES was developed in this project). A safety checklist is
also provided which indicates any hazards including noise levels, lack of guards and well head protection.

Cooperative testing programs are established with ground water and other water management districts and
with utilities in areas of the state where no pumping plant testing is available. Cooperators work with local
agents of the Texas Agricultural Extension Service (TAEX) to coordinate testing schedules so as to
maximize use of equipment and personnel. Cooperative testing also demonstrates the value of such testing
to these organizations so as to encourage them to establish similar testing programs. Cooperative testing
programs have been conducted with six underground water conservation districts (Medina, Uvalde, Hickory,
Evergreen, Mesa, and South Plains), two electric utilities (TU Electric and CP&L), and 4 irrigation districts
(Cameron #2, Hidalgo #2 and #6, United and Santa Cruz).

The data collected is incorporated into a central data base to facilitate data analysis. Once enough
information is collected, the data will be used to establish baseline performance figures for irrigation
pumping plants regionally and state wide. Follow-up testing will be used to determine the actual amount of
energy saved as a result of testing.

Program History and Current Status

We submitted the original proposal for this program to the Govemnor's Energy Office in 1990. During 1991,
the project was approved and we were asked to submit a two-year budget. We began work on this project
during Fall 1992. The project is scheduled to end on December 31, 1994.

Testing was not begun until June 1993 due to unexpected and uncontrollable delays. These included
specifications review and bidding delays in the State Purchasing Office and a long delivery date for the
torque cell from the manufacturer. During June, July and August, additional modifications to testing
procedures and equipment were necessary due to the differences of pumping plants in South Texas from
those on the High Plains. .

We completed our first full year of testing during the twelve-month period ending August 1994. A total of
252 units were tested. This is slightly lower than the average of 300 per year as specified in the contract,

- but is within an acceptable range for the first year of testing during which procedure and equipment
modifications were constantly required and cooperative testing programs were being developed. We do not
anticipate any problems with obtaining an average of 300 tests a year if the project continues. We have also
made good progress on the other objectives of the project as detailed in the Quarterly Reports submitted to
the State Energy Conservation Office (SECO).

Justification for Continuation of Funding
The Irrigation Pumping Efficiency Plant Testing Program was originally approved as a four-year project by
both the Texas Governor's Office and the U.S. Department of Energy. The pro;ect must be conducted for a

full four years in order to meet the project objectives.
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Significant investment in the program has been made financially by the SECO, and in terms of personnel,
time, funds and other resources by TAEX. Much of the long-term value of the program will be lost if it is
terminated early.

We have just begun to educate water management districts and utilities about the value of pumping plant
testing. Additional cooperative testing programs will likely lead to the establishment of ongoing testing
programs supported by these organizations. The problem is that most of these water management districts
are small and, individually, do not generate much income. Educating fanners and district board members is
also a slow process.

Project Objectives:

With continuing funding, the project objectives will be to:

1.

Organize and conduct an Irrigation Pumping Plant Efficiency Testing Training Course which will
provide instruction in safe testing procedures, analytical methods and use of TIPPES. This course
will also serve as the vehicle to transfer improved procedures and analytical tools developed in this
project to other organizations already conducting pumping plant testing.

Continue efficiency testing with a goal of testing 300 pumping plants per year. Additional testing in
each Test Region will provide a representative sample for energy analyses. Conducting re-testing
and surveying will be used to determine actual energy savings resultmg from repanrs and replacement
of defective equipment.

Continue expansion of the central data base of test results. Conduct a complete analysis of test
results to determine baseline performance figures and potential and actual savings obtainable for
irrigation pumping plants in each Test Region and statewide.

Produce and disseminate educational publications and interactive computer software concerning
energy use and savings potential through efficiency improvement in irrigation pumping.
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5. Demonstrate the value of irrigation pumping plant efficiency testing to water management districts
and utilities in order to encourage the establishment of similar testing programs. Actively work with
these organizations to help them establish partnerships to finance joint testing programs.

6. Expand the TIPPES software to include an analysis of additional energy savings possible with
conversion to more efficient irrigation technologies.

Duration of Funding Requested:

We propose continuing the project through August 1997. This duration would ensure that all the objectives
of the project are achieved as approved originally by the Governor's Office and the U.S. Department of
Energy. Our funding request is broken into two periods: (1) January - August 1995; (2) September 1995 -
December 1996.

Budget
Funding Requirements; Period I: 1/1/95 - 8/31/95
' ‘ SECO TAEX
PERSONNEL
Professional Project Team $15,000
Technician: wages 19,340
benefits ' 5,030
~ Graduate Assistant: wages - 8,000
benefits 2,080
student worker ' 3,270
TRAVEL : 6,000
EQUIPMENT |
smaller torque cell , 7,500
drive shaft kit accessory 500
hearing protection 500
diesel fuel measuring kit , 500
dremel tool and accessory 200
tachometer ' 500
OTHER DIRECT COSTS
Supplies 1,500
Operating expenses \ 2,000
Publications . ' : ' 1,000
INDIRECT COST (24.5%) B 17,866
TOTAL SECO ' 56,920
TOTAL TAEX 33,865
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L SECO - = TAEX
"PERSONNEL ‘

Professional Project Team
Technician: wages . 42,670
SR - benefits 10,100
- Graduate Assistant: wages - 16,000
e benefits , - 4,160
student worker ' - 7,000

$32,000

TRAVEL o | | 10,000

replacement parts , 2,000

 OTHER DIRECT COSTS = o o : S
' * Operating expenses R S S 2,500 '
" Publications ’ S : 1,500

* INDIRECT COST (24.5%) 31,833

_TOTALSECO | 96430

65333

TOTAL TAEX

SECO: $1533%0  TAEX: $99198



drw8952

drw8952

drw8952
         H5




