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FOREWORD

In 1980, irrigation water use was about 71 percent of the total water use

in the State. This use of a limited resource, and the accompanying energy

costs to provide this water, is of concern to many local, state, and federal

agencies and especially to the irrigation farmer. The Texas Department of

Water Resources presents this publication in the interest of promoting cooper

ative programs to improve irrigation water use efficiency through use of irri

gation water conservation practices.

This publication is a combination of two separate reports. Irrigation

System Efficiency Evaluations Using Mobile Field Water Labs: 1978-1981 was

prepared by the Department with considerable assistance from Soil Conservation

Service of the United States Department of Agriculture. The second report,

Irrigation Pumping Plant Efficiency Testing on the Texas High Plains, was

prepared by the High Plains Underground Water Conservation District No. 1 with

assistance from the Soil Conservation Service, the Texas A&M Agricultural

Extension Service, and the Bailey County, Deaf Smith County, and Swisher

County, and Lighthouse Electric Cooperatives. These reports represent only

the initial progress of these programs for irrigation efficiency testing and

data collection which are continuing and expanding into other parts of the

State.

Texas Department of Water Resources

Charles E. Nemir

Executive Director
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ABSTRACT

Local, state, and federal agencies have developed a cooperative program

of irrigation efficiency testing and data collection service to provide the

State's irrigators with a means to evaluate their irrigation systems and

increase irrigation water use efficiency. Durinq the period 1978-1981, 425

irrigation systems in the High Plains and Winter Garden areas of Texas were

evaluated for irrigation efficiencies by personnel of the United States

Department of Agriculture-Soil Conservation Service using Mobile Field Water

Laboratories.

The estimated average system efficiency was 61 percent for center-pivots

(278 evaluations), 47 percent for side-roll sprinklers (33 evaluations), and

60 percent for furrow systems (98 evaluations). Seventeen sprinkler systems

were reevaluated after improvements were made on these systems. System effi

ciency improved about 10 percent following these improvements. If the systems

evaluated are typical of irrigation systems in this portion of Texas, then a

10 percent increase in efficiency is possible and would be beneficial to

reduce water use.

Tabulation and analyses of these evaluation results are provided in this

report, along with a brief description of the procedures used in evaluation of

an irriqation system. If more information is desired, either the Soil Conser

vation Service or any of the appropriate local agencies (listed in the report)

are available to provide assistance concerning the irriqation efficiency

study.

Vll





TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS 1

INTRODUCTION 3

COLLECTION OF DATA 7

ANALYSIS OF EFFICIENCY EVALUATION DATA 17
Center-Pivot Sprinklers
Side-Roll Sprinklers
Furrow

Border

Improved Systems - Before and After

CONCLUSIONS AND RECOMMENDATIONS 21

TABLES

1. Typical Mini-Trailer Unit & Equipment 23

2. Summary of Center-Pivot Sprinkler Evaluations 25

3. Summary of Side-Roll Sprinkler Evaluations 39

4. Summary of Furrow Irriqation Evaluations 43

5. Summary of Border Irrigation Evaluations 51

6. Sprinkler Irrigation Systems - Before & After Improvements . 51

FIGURES

1. Mobile Field Water Laboratory (Large Trailer) 5

2. Mobile Field Water Laboratory and Equipment 5

3. Mini-Lab Trailer and Equipment 6

4. Mini-Lab in Use at Evaluation Site 6

5. Gypsum Blocks and Meter to Test Soil Moisture 9

6. Drying Soil Moisture Samples 9

7. Flow Meter Coupled into Pipeline 11

8. Velocity Meter in Place on a Center-Pivot 11

9. Catch Cans Under a Center-Pivot 14

10. Furrow Evaluation Using an Orifice Plate 14

IX



TABLE OF CONTENTS — continued

Page
APPENDICES

A. Engineering Drawings of Mini-Labs 53

B. Soil Conservation Service areas, Soil and Water Conservation
Districts and Other Water Conservation Districts Participating
in Evaluation Studies: 1978-1981 59

C. Center-Pivot Irrigation System Evaluation 63

1. Training Guide 65
2. Example Evaluation 85

D. Furrow Irrigation System Evaluation 91
1. Training Guide 93
2. Example Evaluation 108

E. Training Guide for Determining Soil Moisture Needs Ill



ACKNOWLEDGEMENTS

Acknowledgement of all those involved in the irrigation system effciency

evaluation program during 1978-1981 would require an extensive listing, and

although the individuals' names cannot be listed here, the authors \/ery much

appreciate the assistance of all those who have participated in this effort.

Mr. Wayne Wyatt, Manager, with support of the staff and directors of the

High Plains Underground Water Conservation District No. 1, in cooperation with

Messrs. Mickey Black, Myron Namken, and the field office staff (Lubbock area)

of the United States Department of Agriculture-Soil Conservation Service

developed and organized the irrigation system efficiency evaluation program.

Others who participated in the program included: 1) the managers, staff and

directors of the North Plains Water Conservation District, Panhandle Ground

Water Conservation District, Edwards Underground Water District, and Maverick

County Water Control and Improvement District; 2) Soil Conservation Service

State Office staff, Soil Conservation Service area and field office staff in

the Amarillo, Pampa, Big Spring, Vernon, and Uvalde areas; 3) Texas State Soil

and Water Conservation Board staff and directors of local soil and water

conservation districts; and 4) administrators and staff of the Texas

Department of Water Resources.

Appreciation is expressed to those in the news and information media who

have informed the public about this program by providing reports on the

program activities. In addition, the authors acknowledge the support and

interest of the 425 irrigators who cooperated in the evaluations of their

irrigation systems during the 1978-1981 period covered in this report.





IRRIGATION SYSTEM EFFICIENCY EVALUATIONS USING

MOBILE FIELD WATER LABS — 1978-1981

Introduction

The history of irrigation farming in Texas antedates any written record

available, and irrigation was widley practiced in several areas of the State

before 1900. There was an increase in irrigated acreage in Texas soon after

1900, but a phenomenal rate of increase occurred in the Texas High Plains

after World War II. In 1980, irrigation water use in Texas was about 12.7

million acre-feet for 8.1 million acres of irrigated land with irrigation use

representing about 71 percent of the 17.8 million acre-feet total water use in

the State.

Irrigated agriculture was vital to the existence of the early settle

ments, especially those in the arid parts of the State. Today, irrigation

plays a significant role in the agricultural economy of the State. Data for

1980 indicate that the cash value of crop production statewide was approxi

mately $3.8 billion. Of this amount, the value of irrigated crops was esti

mated at over 50 percent of total crop production from an estimated one-third

of the total cropland in the State.

Recognizing that agriculture is the largest user of water in the State,

water conservation (reduction in loss or waste of water, or improvement in

water use efficiency) is a major concern of the Texas Department of Water

Resources and others. Statewide, on-farm irrigation water use efficiency

(amount of irrigation water stored in soil for plant use versus amount of

water pumped for irriqation) is estimated to be about 60 to 70 percent. Using



available technology, this efficiency could be improved to about 75 to 80

percent, which could reduce irrigation water use to maintain current acreage

by about 2.0 million acre-feet annually.

During 1978, the High Plains Underground Water Conservation District No.

1 and United States Department of Agriculture - Soil Conservation Service

(USDA-SCS) area staff at Lubbock, Texas developed a program to assist irriga

tion farmers in evaluating individual irrigation systems. This program was

implemented in 1979 using Mobile Field Water Laboratories (trailer units

equipped with water meters, pressure gages, soil moisture testers, and other

instruments shown in Figures 1, 2, 3 and 4 and Appendix A) with the USDA-SCS

providing the personnel to perform the evaluations. The Texas Department of

Water Resources provided financial assistance for the program in order to

obtain data on irriqation water use and conservation practices as required for

the Department's statewide water resource planning. Since that time, other

ground-water conservation districts and soil and water conservation districts

joined the program to provide this service to irrigation farmers in several

parts of the State (Appendix B).



Figure 1
Mobile Field Water Laboratory

Figure 2
Mobile Field Water Laboratory and Equipment
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Figure 3
Mini-Lab Trailer and Equipment

Figure 4
Mini-Lab in use at Evaluation Site



Collection of Data!/

Irrigation efficiencies, as used herein, are defined as follows:

1. Distribution (pattern) - uniformity of application of water across

the field with sprinklers, or uniformity of water applied along the furrow

length.

2. Application - relationship of how much of the irriqation water enters

into and is stored in the soil profile to the amount of water provided for

irrigation use from a well or farm headqate.

3. System - combination of distribution and application efficiencies to

identify how well the irrigation system is performing the function of pro

viding irrigation water to the crop being irrigated.

To perform the steps necessary to evaluate the irriqation systems, USDA-SCS

personnel developed standard procedures, guides and materials for training of

and use by field personnel involved in the evaluations. To develop a handbook

of material on basic principles and procedural guides for evaluating irriga

tion systems, existing material was modified and new methods were developed.

Guides were prepared to provide information on pi ant-soil-water relationships,

determining soil moisture levels, meterinq rates of flow, determining gross

irrigation application rates, and other related basic irrigation information.

1/ This section is extracted from a paper presented by Myron Namken at the

Eighth Annual Conference of the Ground-Water Management Districts Associa

tion on December 3, 1981, at Lubbock, Texas and unpublished material devel

oped by USDA-Soil Conservation Service-Texas, Lubbock, Area.



Training guides on how to perform tasks were written so that the following

jobs could be accomplished:

Evaluate center-pivot sprinkler systems (Appendix C)

Evaluate other types of sprinkler systems (side-roll,

tri-matic, and hand move)

Evaluate furrow systems (Appendix D)

Evaluate border-flood systems

Determine soil moisture levels (Appendix E)

Equipment necessary to collect this information includes turbine water

meters, orifice plates, velocity water meters, soil moisture meters, pressure

gages, probes, augers, shovels, wrenches, screwdrivers, pliers, hoses, fit

tings, adapters, and other incidental items (Table 1, pages 23, 24).

One service provided to farmers is a soil moisture guide for his soil.

The standard county soil surveys are used to identify the soil types. The

SCS Irriqation Guide has information on soil intake families and water-holding

capacities. A chart correlates the percent available water, percent water by

weight, soil tension, and instrument scales. Using these guides (Appendix E),

a graph can be developed to show the quantity of water to apply when the soil

water content is measured or by sensing the soil moisture throuqh "feeling" by

human touch.

To insure that the farmer is provided with good soil moisture data, tools

which may be used are: a soil probe, 3-inch bucket auger, soil volume meter,

volume meter extension, camp stove (to dry soil samples), gram scale, pans,

metal boxes, and a knife (Figure 5). The soil is normally checked to a depth

of 3 feet but may be checked to a depth of 6 feet. While working with an

irrigation farmer on soil water, the SCS shows the irrigator how various soil



Figure 6
Drying Soil Moisture Samples

Figure 5
Gypsum Blocks and Meter to Test Soil Moisture
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moisture instruments work, how to install them, and how to interpret their

readings (Figure 6).

The "lab" can be used to evaluate center-pivot sprinkler systems with

impact heads, spray heads, spray he?ds on drops, and the new drop tube furrow

systems. Also, it can be used to evaluate conventional side-roll sprinklers,

furrow systems, and border systems.

Center-Pivots and Side Roll Sprinklers

The training guide for center-pivots (Appendix C) provides the detailed

procedure to be used. In brief, the evaluation of a center-pivot system

requires five activities.

The first step is to check electrical safety. Electrical wiring at the

pivot is checked for a short circuit with a voltmeter, ohmmeter, or milliam-

meter. Observations are made for grounding and insulation on wiring. Farmers

are reminded of safety precautions and encouraged to make periodic checks on

their own.

Secondly, the quantity of water being pumped must be known. There are

several instruments that can be used to measure water well yields. Those most

commonly used are the propeller meter and velocity meter. The propeller

meters are standard saddle types mounted on a joint of pipe which has been

modified with standard size aluminum pipe fittings. Several reducers and

increasers are made so the meter can be used on various pipe sizes (Figure

7). The meter can be coupled into most aluminum pipeline or onto outlets.

It can also be used to test the capacity of a well under various pressures

when planning new sprinkler systems.

The velocity meters can be installed in a one-half inch or larger pipe

fitting on a closed pipe system. Adapters are available for other opening

10



Figure 7
Flow Meter Coupled into Pipeline

Figure 8
Velocity Meter in Place on a Center-Pivot

11



sizes. The velocity meter is dependable and reasonably accurate and has

proven to be very useful on center-pivot sprinklers (Figure 8). The cali

brated scale on the meter, however, is inaccurate for pipe sizes larger than 3

inches. Through a cooperative effort with the Civil Engineering Department at

Texas Tech University, the Texas Tech hydraulic lab was used to recalibrate

the meter for pipes 4 to 8 inches in diameter. Also, some of the meters were

recalibrated by the Science and Education Administration-Agriculture Research

(SEA-AR), U.S. Department of Agriculture, at the USDA facilities at Bushland,

Texas.

The third step is to measure the amount of water actually applied to the

soil surface. On sprinkler systems, spray catch "cans" are used to catch

water as the sprinkler passes over the cans. Volumetric measurements of the

amount caught are made with a graduated cylinder. One row of cans is set with

can spacing at 30 feet along a radius of the center-pivot (Figure 9). This

takes about 45 cans on a quarter-mile system. This spacing does not neces

sarily give a statistically sound sample size for estimating efficiency and

some water is lost by wettinq the cans and through evaporation. Since the

objective is to evaluate the system and not individual nozzles, and since the

water loss from evaporation and wet cans is fairly uniform throughout, the

procedure gives an adequate method of identifyinq problems with distribution

patterns and application losses within the system.

While waiting for the center-pivot system to move over the cans, the

fourth step is to gather information on the flow rate of some of the indivi

dual nozzles, as well as the operating pressure, wind speed, air and soil

temperature, humidity, system speed, and the maximum application rate.

Inspections are made for system leaks, fouled nozzles, inefficient nozzles,

12



water puddling, runoff, loose braces, and a check on the crop appearance, all

of which are noted on the evaluation form.

After gathering the data, it is necessary to plot the can catches and

compute efficiencies. Experimental errors may affect the value at any one

catch site (can). Therefore, as a representative value for the distribution

and system efficiency, the minimum catch is computed as the average for the

lowest 1/4 of the water depths in the cans. The objective of this efficiency

concept is to pinpoint where improvements can be made which will result in

more efficient irrigation. The sprinkler efficiencies related to in this

publication are defined as follows:

Pattern efficiency (Percent) = Lowest average catch of 1/4 of the area X 100
Average catch of the entire area

Application efficiency (Percent) = Average catch of the entire area X 100
Amount pumped into the system

System efficiency (Percent) = Lowest average catch on 1/4 of the area x 100
Amount pumped into the system

When the evaluation is completed, the farmer is provided a copy along

with alternative recommendations for improvements. A copy of the system

design for the center-pivot may be supplied by the sprinkler manufacturer and

is helpful to compare with the evaluation data. The evaluation data are

transmitted to the Texas Department of Water Resources for use in estimating

long-range water requirements for irrigation. A typical evaluation on a

center-pivot system is found in Appendix C. Basically, other types of sprink

lers are evaluated with the same methodology, except for differences in move

ment of the system.

13



Figure 9
Catch Cans Under a Center-Pivot

Figure 10
Furrow Evaluation Using an Orifice Plate
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Examples of some types of problems identified in these evaluations and

what was accomplished by the farmers are as follows:

1) Problem: Five wells did not produce enough water for three side-roll
systems operating simultaneously.

Solution: Install a 22,000 gallon collector tank and booster pump.
Results: Increased capacity of system by 50 percent and reduced energy

cost by 35 percent. Increased sprinkler nozzles two sizes and
all three side-rolls can be operated simultaneously.

2) Problem: Low system efficiency of a center-pivot system.
Solution: Re-design and chanqe sprinkler heads from half-circle sprays

" on drops to low angle impact.
Results: Increased system efficiency from 50 percent to 75 percent.

3) Problem: Low center-pivot efficiency.
Solution: Re-design and re-orifice heads.
Results: Increase efficiency from 73 percent to 85 percent.

4) Problem: Efficiency of center-pivot at 60 percent, not enough water
available.

Solution: Convert spray nozzles on drops to a drop tube furrow system
on- skip row pattern.

Results: System efficiency improved to 82 percent and energy consumption
was reduced by 20 percent.

5) Problem: Used gate valve to regulate flow from wells to center-pivot.
Solution: Trim impellers on booster pump to regulate flow.
Results:' Energy cost of booster pump reduced from $1.16 to $0.64

per acre-inch.

Furrow System and Border Systems

The normal procedure in evaluating a furrow system (Appendix D) is to

divert streams of water into several furrows and, with the orifice plates,

check the rate at which the stream fronts advance. A modified version, which

greatly reduces the time required for an evaluation, uses information obtained

from the farmer. This modified version of evaluation is based on how long

water stands on five points in the furrow. Knowing when the water was started

in the furrow, when it reached the end, and how long it continued to flow,

will provide an estimate of how long it stood on each of the five points.

15



Also, knowing how much water was applied to the furrow and how much ran off as

tailwater, if any, is necessary to the evaluation.

If the irrigator knows how much water was applied to the soil and how

long the water stood on the soil, the water intake rate for the soil, and how

much water entered the soil at each of the five stations, he can compare the

water applied to each station to the water needed before irrigation and then

compute the efficiency and evaluate the results. As with sprinkler systems,

the representative minimum distribution is computed as the average of the

lowest 1/4 of the measurements. The furrow efficiency is defined as follows:

Average water applied to root zone in
Pattern (Distribution) low 1/4 area x 100
Efficiency (Percent) Average water applied to root zone in

furrow

Average water applied to root zone in furrow
Application Efficiency _ x 100

(Percent) Water pumped

Average water applied to root zone in low 1/4 area
System efficiency x 100

(Percent) Water pumped

Also, the evaluation measures the water lost in a ditch or estimates it by

using a guide. Measurements of flow rate in a ditch or in the furrow is by

use of an orifice plate placed in the path of the stream of water (Figure 10).

A typical evaluation of a furrow system is found in Appendix D.

Evaluation of a border system is similar to the furrow system. For a

border system, the amount of irrigation water needed (soil moisture deficit)

is calculated, stream size (flow rate) is computed, time of advancement and

recession of water at various stations in the border are measured and intake

rate of soils is computed. Data on the time and rate of flow allow one to

determine the total amount of water applied which is compared to the amount of

water stored in the soil, and the distribution and application efficiencies

are computed.

16



Analysis of

Efficiency Evaluation Data

Analyses of efficiency evaluation data for center-pivot sprinklers, side-

roll sprinklers, furrow systems and border systems are presented in the

following sections and are summarized in Tables 2, 3, 4, and 5. The tables

also include data on wind speed, system pressure, flow rate, nozzle type, and

nozzle spacing for sprinklers and data on furrow lenqth, flow rate, slope, and

soil intake rate for furrow and border systems. Analysis of these additional

parameters in relation to the efficiencies was inconclusive; therefore, only

the analyses of the efficiencies (distribution, application, system) are

included in this report.

Center-Pivot Sprinklers

Evaluations from 278 center-pivot sprinklers (Table 2) show an average

system efficiency of 61 percent, with a range in values from about 30 percent

to above 90 percent. The average distribution efficiency was 74 percent, with

an average application efficiency of 83 percent. Only 45 of the 278 systems

had an application efficiency of less than 70 percent.

Although only four center-pivots with the drop tube and sock outlets were

evaluated, it is of interest that all four of these systems had 100 percent

application efficiency. Three of the four drop tube and sock systems had

distribution efficiencies of over 80 percent. The drop tube and sock system

appears to be a \jery efficient means of applying irrigation water through a

center-pivot when the system is adaptable to the crops and farming methods

used by the irrigator.

17



Side-Roll Sprinklers

For the 33 side-roll sprinkler systems evaluated (Table 3), the average

system efficiency was 47 percent, with a range in values from about 30 percent

to above 70 percent. Twenty-one of the 33 systems had a system efficiency of

less than 50 percent. The average distribution efficiency was 62 percent and

the average application efficiency was 74 percent. Seven of the systems had

an application efficiency of less than 60 percent, however, six of the systems

had an application efficiency of more than 90 percent.

Distribution efficiency of the systems evaluated indicates that some

side-roll systems need improvement through better selection of nozzle sizes

and spacings. Six of the systems had a distribution efficiency of less than

50 percent and an additional 10 systems had distribution efficiencies of less

than 60 percent. Only three systems had distribution efficiencies of more

than 80 percent. The overall average efficiencies indicate that some side-

roll systems could be improved to increase the effective use of water (distri

bution efficiency) and to reduce pumpage (application efficiency).

Furrow Systems

For the 98 furrow systems evaluated (Table 4), the average system effi

ciency was 60 percent, with a range in value from about 30 percent to above 90

percent. The average distribution efficiency was 74 percent. Eleven of the

systems had a distribution efficiency of less than 50 percent; however, 16 of

the systems had a distribution efficiency of more than 90 percent.

Although not shown as a separate value in the summary (Table 4), the

average application efficiency of furrow systems evaluated was 81 percent.

18



Whereas the application loss with sprinklers is generally by evaporation, the

application loss with furrow systems is mainly by tailwater or deep percola

tion. From the results of the furrow system evaluations, it appears that a

properly managed furrow system can be an efficient means of water application

in situations suited to furrow systems, such as proper soil textures and

nearly level slopes.

Border Irrigation Systems

Only three border irrigation systems (Table 5) were evaluated during the

1978-1981 period. These evaluations indicate that these systems have a good

efficiency (82, 88, and 89 percent) of distributing water to the root zone

throughout the border area. However, in trying to insure that irrigation

water is adequately supplied to the lower end of the border, a combination of

border length, slope, and intake rate can often result in the water being

applied for a lonqer time period than is necessary to fill the soil profile.

Since these are closed border systems, the excess water is lost as deep perco

lation and the application efficiency (water stored in soil/water applied) is

sometimes quite low as indicated by the system efficiency of two of these

border systems (Table 5). Conventional improvements for these systems would

be to increase the flow rate of the stream to advance water more rapidly or

reduce the width of the border which provides more water at a faster rate to

the border being irrigated.

Improved Systems - Before and After

Following the completion of an initial irrigation system efficiency eval

uation, 17 irrigation systems were improved using the recommendations provided

in the evaluations. These systems were then reevaluated in order to compare

19



the efficiency of the improved system to that of the original system. An

analysis of the "before and after" evaluations was made for 15 center-pivots

and 2 side-roll sprinkler systems (Table 6). During 1978-1981, there, were no

revaluations performed on furrow or border irrigation systems.

For the improved systems which were reevaluated, the average distribu-

ion efficiency increased from an initial 71 percent to 77 percent following

improvements. Application efficiency improved from 82 percent to 88 percent,

and average system efficiency improved from an initial 58 percent to 68

percent following improvements (Table 6).

A case-by-case analysis of these evaluations showed that the efficiencies

improved when the pressure matched the system design and the nozzle designs.

Replacement of 360° spray nozzles or regular impact nozzles with low angle

impact nozzles of the correct size for the pressure used appeared to contri

bute to the improvement in efficiency.

20



Conclusions and Recommendations

Based on the number of requests for assistance received by the Soil

Conservation Service, Mobile Field Water Labs have proven to be a popular and

effective means to assist irrigation farmers in evaluating their irrigation

systems. Results of the 425 irrigation system evaluations performed during

the 1978-1981 period indicate that many irrigation systems are fairly effi

cient. However, improvements can and should be made on these as well as on

systems which are considerably less efficient than desired or feasible.

Improvements of 10 percent or more in overall efficiency can be expected in

most systems when they incorporate improvements recommended by an efficiency

evaluation.

Based on the results and performance of the irrigation system efficiency

evaluation program during 1978-1981, the cooperating entities and sponsors

should continue to provide and promote this program. Also, agricultural

research and extension agencies, as well as commercial enterprises, should

continue to develop and promote practices and equipment (such as improved

nozzles, soil moisture testers, pressure regulators, metering devices, and

irrigation guides) which assist in improving irrigation efficiencies. Irriga

tors who are not sure that their systems are operating at satisfactory effi

ciencies should inquire at the local office of the Soil Conservation Service,

soil and water conservation district, underground water conservation district,

or Agricultural Extension Service for information on evaluating and improving

an irrigation system.
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Table 1

Typical Mini-Trailer Unit & Equipment

Quantity Item

1 Mini-Trailer (See Appendix A)

Equipment and Instruments*

1 Cox, Piro Velocity Gauge Set
1 500' Drawdown Gauge & extra tip
1 Bouyoucos Moisture Meter

10 Gypsum Blocks
1 Tensiometer vacuum pump/gauge
3 Tensiometers (12"-24"-36")
1 Tube Soil Probe

1 36" Soil Moisture Meter/Meter Mate
1 8" Rockwall Meter

1 8" Pierce In-Line Valve

1 6" McCrometer Meter

1 6" Pierce In-Line Valve

1 4" McCrometer Meter

1 4" Pierce In-Line Valve

1 7" to 6" Reducer

1 6" to 7" Increaser

1 8" to 6" Reducer

1 6" to 8" Increaser

1 6" to 4" Reducer

1 4" to 6" Increaser

1 8" Tube 5' Long w/1" Nipple
1 6" Tube 5' Long w/1" Nipple
1 4" Tube 5' Long w/1" Nipple
1 Senninger 0-100 PSI Gauge/Pitot Tube
1 50' Tape
1 Taylor Pocket Sling Psychrometer
1 Tube Soil Thermometer

1 Wind Velocity Meter
2 3/4" Gate Valve
4 Orifice Plates - various sizes
2 Stop Watch
2 500 ml. Graduated Cylinder
1 100 ml. Graduated Cylinder
1 Sperry V-A Hook-on Meter
1 Sperry Model 142 Multi-Tester
2 Set of Fittings & Bushings (6)
1 Rainbird Pressure gauge-faucet

23



Table 1. continued

Quantity

Tools

1 Tool Box (20" x 8" x 8")
1 18" Pipe Wrench
1 10" Pipe Wrench
1 10" Adjustable Wrench
1 16" Adjustable Wrench
1 6-piece set open end wrenches
1 Regular Pliers
1 Water pump pliers
1 Open end wrench 1-1/4 x 1-5/16
1 Open end wrency 15/16 x 1
1 16' Extension Ladder
1 13 piece set drill bits (64ths)
2 Regular screwdrivers (3/16 x 4, 5/16 x
2 Phillips screwdrivers (No. 1,3)
1 72" tape
1 Hatchet

1 100 point scale

Miscellaneous

1 25' water hose
1 12' of 2" hose (plastic or rubber)
1 12' of 3/4" water hose
1 Canvas sleeve
1 5 gallon bucket
1 2 gallon can
2 Clipboard

100 Wooden Stakes

50 Spray Catch Cans (quart oil cans)
1 10' security chain
1 Padlock

2 Ponchos

2 Pair Rubber Boots

* Brandnames are for descriptive use only, mention does not imply recommenda
tion of these or exclusion of other brands.
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Table 2

Summary of Center-Pivot Sprinkler Evaluations
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Table 3

Summary of Side Roll (Stationary) Sprinkler Evaluations
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Table 4

Summary of Furrow Irrigation Evaluations
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mm

A Collins Manometer is used to meter water on the

pipe leading to a center pivot sprinkler.

An Amp-Volt Meter
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Table 5

SUMMARY OF BORDER IRRIGATION EVALUATIONS

Width

(ft)

Border : Family
: Intake

: Curve

Efficiency
Distribution :

In Border :

(%) :

No. Length
(ft)

Stream

: (CFS)
Slope

: (%)

System

(%)

1. 118 901 7.16 0.28 1.0 81.7 43.6

2. 50 647 3.70 0.60 0.5 89.0 75.7

3. 94 * ,090 4.90 0.25 1.0 88.5 26.8

Before

After

Table 6

Sprinkler Irrigation Systems
Before and After Improvements

Average of Systems (17) Re-evaluated

Distribution

Efficiency
Application
Efficiency

System
Efficiency

71

77

82

88

51

58

68





APPENDIX A. Engineering Drawings of Mini-Labs
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APPENDIX B. Soil Conservation Service areas, Soil and Water
Conservation Districts and Other Water Conservation
Districts Participating in Evaluation Studies:
1978-1981
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SCS ADMINISTRATIVE

AREAS PARTICIPATING IN

EVALUATION STUDIES

2-Amarillo

7-Lubbock

\

! i

i i

4 L

i I

n i
i i

i i

7

1-Pampa

3-Vernon

IN

\..V\
fs^sr „.

•J *\ r-

13-Big Spring

I /

s

N_iX. /•v-y

V
H 1
! i

23-Uvalde

s

\
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SCS AREAS, SOIL and WATER CONSERVATION DISTRICTS and OTHER WATER CONSERVATION DISTRICTS

PARTICIPATING IN EVALUATION STUDIES

SCS Administrative Area

No. Area Office County

1 Pampa Collingsworth
Donley
Gray
Hall
Hansford

Hemphill
Hutchinson

Lipscomb
Ochiltree
Roberts

Sherman
Wheeler

Armstrong
Briscoe

Carson

Castro

Deaf Smith
Dallam

Hartley
Moore
Oldham

Parmer

Potter

Randall

Swisher

Knox

Bailey
Cochran

Crosby
Dickens

Floyd
Garza

Hale

Hockley
Lamb

Lubbock

Motley

13

Amarillo

Vernon

LubDock

Big Spring Gaines
Lynn
Terry
YoakumI I

23 Uvalde Maverick

Maverick

Medina

Uvalde

1 Ht

a u -^
o OJ L>

*J *J

ro S_
1- o u
OI -,- T3 Vt o

ro C —
C CO

Pti=> > O c o
(/» 3 '.- OJ •*-

— o N
•.— -r- *fc

•«- c ro 4J fjj *J
ro O f—

•— «_) u c_ > u T5 > (J r— U
•^ •r- c s-

JS S-

J= 0)

boil 5 Water Conservation District Ol+J l/l (. c "J c c > C W1 Jt *J

UJ 3Zone No. Name X 3: o Z t_> c Q. O ZOO

133

127

125
109
148

138

146
134

142
145

159

141

155
126

156

136

143
131

152
137

153

140
160

147

110

Salt Fork

Donley County
Gray Cour.tv X
Hall-Childress
Hansford X
Hemphill County
Hutchinson-- X

Lipscomb X
Ochiltree- X
Roberts.
Sherman County X
Wheeler County

Staked Plains — X __X
Cap Rock
McClellan Creek- X

Running Water __X
Tierra Blanca X
Dallam

Hartley- X
Moore County X
Oldham County
Parmer X

Canadian River X X

Palo Duro X
Tule Creek

544 Wichita-Brazos

111 Blackwater Valley- X
149 Cochran- X

107 Rio Blanco- X
157 Duck Creek

104 Floyd County X
158 Garza

132 Hale County- X
129 Hockley County- X
130 Lamb County X
108 Lubbock County X
154 Upper Pease

166 Gaines County
119 Lynn County- - X
151 Terry
150 Yoakum

2 240 Chaparal
2 220 Maverick- X
2 226 Medina Valley - X
2 221 Nueces-Frio-Sabinal - - x
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APPENDIX C. Center Pivot Irrigation System Evaluation

1. Training Guide
2. Example Evaluation
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SOL

CONSERVATION

SERVICE

Identification No. 21Q~19~ Sheet -Lot*-!

ENGINEERING - IRRIGATION

TITLE: A METHOD FOR EVALUATING A CENTER-PIVOT SPRINKLER

IRRIGATION SYSTEM FOR IRRIGATION WATER MANAGEMENT

References:

By definition, efficient irrigation water management is determining and con
trolling the rate, amount, and timing of irrigation water application to soils
in order to supply crop water needs in a planned efficient manner. Water
management is complex and difficult to achieve.

On the basis of this definition, water management is no accident, nor do local
customs or family traditions automatically achieve water management. Water
management is achieved by an irrigator who has the knowledge and ability to
use an efficient irrigation system in carrying out planned efficient management.

An efficient irrigation system, including the pumping plant, delivery system and
distribution system, is essential for an irrigator if he is to achieve a desired
level of efficiency. A plan to effectively utilize the available irrigation
water supply in managing and controlling the moisture environment of crops to
promote the desired crop response, to minimize soil erosion and loss of plant
nutrients, to control undesirable water loss, and to protect water quality, must
be followed.

To effectively utilize the irrigation system in carrying out the water management
plan the irrigator must know:

1. How to determine when irrigation water needs to be applied, based on crop
water-use rates and stages of plant growth.

2. How to measure or estimate the amount of water required for each irrigation.

3. How to compute the amount of water delivered to an area.

4. The normal time needed for the soil to absorb the required amount of water and
how to detect changes in intake rate.

5. How to adjust stream size, application rate or irrigation time as necessary
to compensate for changes in such factors as intake rate or amount of water
to be applied.

6. How to recognize erosion caused by irrigation.

7. How to estimate the amount of irrigation runoff from an area.

8. How to evaluate the uniformity of water application.

Location:
Lubbock Area

Developed By: M. Namken Checked By: ERL
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GENERAL

Evaluations of irrigation systems are performed to determine adequacy of irriga
tion water management. Major factors which need to be considered are:

1. Uniformity of Application

The most efficient use of water requires that the application be as nearly
uniform as possible.

2. Total Depth of Application

Depth of application should be sufficient to meet the needs of the crop.
Depth of application should not exceed the water holding capacity of the
soil to rooting depth.

3. Maximum Application Rate

The rate should be such that runoff will not cause erosion. On flat slopes,
ponding behind the area of water application will cause unequal water
distribution.

Evaluation of the performance of a system will furnish valuable information to an
operator. It may point out needed repairs or changes in the system itself or in
adjustments of his operation and management.

CENTER-PIVOT SYSTEM

This type of irrigation system operates by moving a lateral sprinkler line in a
circle around a water source at the center point of a square field. A lateral
sprinkler line is suspended above ground by means of self-propelling towers
mounted on wheels or shoes. The system usually irrigates a circular pattern in
a square field; however, some systems irrigate parts of the corner areas in the
square field.

PIVOT

The pivot is the center point of the system. A stationary pivot tower, usually
mounted in concrete, supports a pipeline which supplies water to the suspended
lateral sprinkler line. A swivel in the pipeline allows the lateral sprinkler
line to rotate around the pivot. Usually the system controls are located at the
pivot.

TOWER

A tower is a structural frame mounted on wheels, or shoes, which supports the
lateral sprinkler line above ground. Each tower is equipped with a drive
mechanism and moves the tower forward or backward. The types of tcwer drives
are electric, water, and hydraulic.
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END TOWER

The end tower is the outermost tower on the lateral sprinkler line. The speed at
which the system travels is controlled by the movement of the end tower which is
controlled by a timing device. Electric systems have a timing device in the con
trol panel, which reads from zero to 100 percent. The percent setting determines
the percent of the time the end tower is moving. As an example, if the timer is
set on 30 percent, the end tower moves 30 percent of the time and does not move
70 percent of the time. In a time period of one hour, the end tower is moving for
18 minutes and does not move 42 minutes. By means of an alignment mechanism, the
end tower controls the movement of all other towers. As the end tower moves
forward or backward and gets out of alignment, the other tower drives are activated
and move to straighten the alignment.

CORNER ATTACHMENTS

Corner attachments are used to irrigate corners. Each type attempts to increase
the area watered by adding water to the corner areas beyond the reach of the
lateral sprinkler line. Some systems use large impact type heads, part or full
circles, and are manually turned on and off as the system gets to a corner.

A large gun type nozzle is added to the end of some lateral lines. These may
have separate control devices, turning it on and off. Some have a booster pump
to increase the pressure on the gun type nozzle.

Some systems use an automatic control to swivel a tower in a part circle around
the end tower as it passes the corners. The entire section between the last
two towers becomes the corner attachment.

EQUIPMENT NEEDED

The equipment needed is listed on the "Equipment Check Sheet for Irrigation
Evaluations."

DATA TO BE RECORDED

Data to be recorded is shown on the attached Worksheets. All applicable blanks
should be filled in, if possible. One copy should be given to tne landowner and
one copy retained in the office files. A copy of the system design (computer
printout) should be obtained, if it is available.

WIND

Record direction that wind is coming from when standing at pivot. Record
direction in degrees east or west of north or south as 45° east of north or
30° west of south.

LINE DIRECTION

Record direction of sprinkler lateral when observing it while standing at the
pivot and looking toward end tower. Record as above under WIND.
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HUMIDITY

Obtain from local weather data if possible. If not, show as dry, moderate, or
high.

NET WATER NEEDED

Estimate by "feel method" or other prescribed methods.

MEASURING SYSTEM CAPACITY

Without an accurate measurement of the capacity, the "gross application" and
"system efficiency" must be considered an estimate. Therefore, it is important
that the system capacity be as accurate as possible. Methods used to determine
flow rates are discussed in the National Engineering Handbook, Section 15,
Chapter 9. However, with a closed pipeline system few methods are applicable.
The volumetric method (see "Procedure for Sprinkler Nozzle Discharge Measure
ments") applied to each nozzle, can be used, but requires considerable time.
When estimates are obtained from land users the approximate date of the last
test should be recorded on the evaluation worksheet.

CONSUMPTIVE USE

From available tables, with adjustments for weather conditions, estimate the
consumptive use since last irrigation.

MEASURING SYSTEM PRESSURE

A pitot tube, or pressure gauge can be used to measure the operating pressure
of a system. On some nozzles the pitot tube can be used, however, on most spray
nozzled systems, a gauge must be installed on the lateral line. Pressures should
be checked near the pivot and near end tower in order to get loss in lateral line
or determining pressure on individual nozzles.

END TOWER SPEED

See "A Method for Determining Gross Applications for Center-Pivot Sprinkler
Systems."

MEASURED NOZZLE OUTPUT

See "Procedure for Sprinkler Nozzle Discharge Measurements."

CATCH CANS

Normally quart oil cans, with the tops removed, are used for catching the precipi
tation from the sprinkler. Quart oil cans are used because of simplicity and
convenience. Other types of containers can be used, however, the sides should
be perpendicular to the bottom and sides and bottom should be smooth, not
corrugated.
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SETTING CATCH CANS

Set cans in a line on a radius ahead of the lateral sprinkler line at any uniform
interval (usually 30 feet) from the pivot to a point beyond the wetted area. They
should be set reasonably level by eye, and embedded about one inch deep into the
soil. Move cans four or five feet in any direction to avoid tower wheels, or
shoes, and obstructions, such as tall vegetation or posts. If crops are too tall
to permit unobstructed catches, the can should be raised above the vegetation.
This can be done using strong rubber bands or tying cans to a stake. The stakes
should be driven vertically and should not protrude above the cans. When evalu
ating systems with end guns, or apparent runoff is visible, the cans may need to
be staked for added stability. For low pressure systems with drop nozzles, cans
should be set on the ground. If crops are too tall, do not evaluate.

MEASURING CATCH IN CANS

When using quart oil cans, the depth can be accurately determined by measuring
the volume of catch in a 500 milliliter graduated cylinder. A one inch catch
in a quart oil can is approximately equal to 200 cubic centimeters. If a 500
milliliter cylinder is not available, or other types of catch cans are used, the
depth can be measured with a thin ruler. It should be calibrated in tenths of a
foot, with the zero end at the yery end of the ruler. Record can numbers consecu
tively, beginning with one at unit distance from the pivot. Record volume caught
in cubic centimeters or inches.

DETERMINE WEIGHTED FACTORS

In a conventional sprinkler evaluation, each can represents an equal area, but in
evaluating a pivotal type system, each can, providing the same distance between
cans along a radial line is maintained, represents a different area. Therefore,
if conventional type analysis is to be used it is necessary to weight the value
of each can proportionately to that area which it represents. By using a constant
distance between cans (starting at pivot) the weighting factor becomes the catch
can number. See "Procedure for Determining Weighted Factors for Center-Pivot
Evaluations." If cans are knocked down or for some other obvious reason do not
truly represent conditions, they can be eliminated from the analysis by leaving
out the weighted factor and can catch values in the tabulation. Sum all factors
and sum all (catch X factor) entries.

MAXIMUM APPLICATION RATE

The maximum application rate should be checked on each system. From visual
observations the area which appears to be- the wettest should be checked. This
is usually near the end tower.

1. Place five catch cans (spaced about ten feet apart) in a line perpendicular
to the sprinkler line. One can should be directly under the nozzle when
timing is started. Place two cans forward and two cans behind the first can.
Cover the cans with plastic lids, small sheets of cardboard or wood,or plastic
bags.
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2. Remove covers (as quickly as possible) from all cans and start timing when
nozzle is directly over center can.

3. After five or ten minutes operation, cover cans (as quickly as possible).

4. Measure quantity caught. The can with the largest quantity will represent
the maximum application rate.

5. Compute rate: w ^cc'̂ u' = inches per hour
(200)(Time, in minutes)

or: (Inches)(60) = inches per hour
(Time, in minutes)

PUMPING PLANT EFFICIENCY

For pumping plant and cost data on water see "Procedures for Pumping Plant
Evaluation." This procedure is not in this publication.

ANNUAL GROSS APPLICATION

Obtain the best information you can from the landowner and estimate the total
water applied and/or to be applied to the crop during the year, Assume that
rainfall will occur about normal for an average year for the remaining irriga
tion season.

CIRCUMFERENCE OF END TOWER

Circumference =(2 7/) Radius. The radius is the distance from the pivot to
the end tower.

HOURS PER REVOLUTION

, .. Distance traveled by end tower, in feet
Hours per revolution = _ , . —-—

End tower speed, feet per hour

AREA IRRIGATED

Area irrigated, in acres = [£ it )(Radius )J r 43,560

The radius is the distance from the pivot to the last catch can to catch water,
or the wetted radius. For corner attachments see Evaluating Corner Attachments
below.

GROSS APPLICATION

The gross application is the amount of water actually being pumped into the
system. It is expressed as inches of water in depth over the area irrigated.

„ .. ... ... (Hours per Revolution)(GPM)
Gross application, in inches = •* irzzrr* ;—— Lx-yy (453)(Acres)
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WEIGHTED SYSTEM AVERAGE APPLICATION

The average depth caught in the catch cans: The weighted average catch of the
entire area is equal to:

Sum of (Catch x Factor)
Sum of Factors

In conventional sprinkler analysis we use the low 25 percent of the cans as a
base from which to arrive at a pattern efficiency. In the conventional analysis,
using say 44 cans, the 11 low cans would be representative of the low 25 percent
of the area since each can, as stated earlier, represents the same area. In
center-pivot evaluations it is necessary to use the weighted average of some
unknown number of cans which represents 25 percent of the area. This can be
done by picking low value cans and keeping a running total of factors until the
running total of factors approximates one quarter of the summation of all factors.

xu „.,,,, oce, (Sum of cans rep. of low 25%)(their factors)Then: Weighted low 25% average = •) - " ——— L.
(Sum of factors of cans rep. low 25% of area)

This can be converted from volume in cc's to inches of depth.

PATTERN EFFICIENCY

The pattern efficiency compares to least amount of water on one-fourth of the
wetted area to the area wetted. This is the uniformity of water applied to
the field.

%Pattern Efficiency = (Lowest weighted average catch of 25% of the area) Ymn
Weighted average catch of the entire area

APPLICATION EFFICIENCY

The application efficiency compares the amount of water pumped (gross application)
to the amount caught in the cans. Any difference is a loss that is due to evapora
tion, drift, leaks or on water drive systems, drive losses. In some cases it can
be caused by inaccurate catches in cans due to improper placement or spacing.

0, . ,. .. _--. . (Weighted average catch of the entire area) y-mn% Application Efficiency = A a— a——: ; L x 100
Amount pumped into the system

SYSTEM EFFICIENCY

The system efficiency compares the water pumped to the low one-fourth of the field

%System Efficiency = Lowest weighted average catch of 25% of the area 100
Amount pumped into the system

This can also be expressed as:

%System Efficiency = Q% Pattern efficiency)(% Application Efficiency)] t 100

-71 -



Identification No. 210-19- Sheet _L of—!

FIELD OBSERVATIONS

It is important to make and record field observations. They can be the key to
identifying many inefficiencies of a sprinkler system.

PLOTTING CAN CATCHES

Plotting the can catches on a worksheet can be the most effective way of showing
land user where pattern inefficiencies occur and that corrections or repairs are
needed. Plot the depth of water caught in inches against the location of the can.
Plot straight lines across the graph for the gross application, weighted average
and low 25 percent.

EVALUATING CORNER ATTACHMENTS

The procedure for evaluating a system with a corner attachment is yery similar
to the procedure for a system without an attachment. The same basic principles
involved apply. Due to the many corner type systems on the market, and the method
in which they operate, it is almost impossible to get a precise evaluation unless
cans are set throughout the corner area.

The following procedure is not a precise method, but is accurate enough to make
evaluations for irrigation water management when good judgment is used along with
the evaluation. Since most corner systems operate during only part of a complete
circle, the evaluation requires two sets of can catches. One catch is made when
the corner attachment is off and a second catch is made while the corner attach
ment is operating. (See Sketch #2 of the "Procedure for Determining Weighted
Factors for Center-Pivot Evaluations".)

For each catch complete Sheets 2, 3, and 4 as shown in the example, as if each
catch represented the entire circle to arrive at two figures for gross applica
tion, average and low 25 percent. To combine these for the system average,
multiply each by the percent of the total area each set of data represents, then
add the two corrected figures together to get one system figure. As an example,
a corner system operates 66.6 percent of the time. One evaluation was made with
the corner attachment off and one with the corner attachment on. The results
are as follows:

Corner Att. Corner Att. Combined System
on off Averaqes \J

Gross application 2.5 in. 3.2 in. 2.68 in.
Weighted average U25 in. 2.56 in. 1.59 in.
Low 25% of area 0.75 in. 2.18 in. 1.13 in.
Pattern efficiency 60% 85% 71%
Application efficiency 50% 80% 59%
System efficiency 30% 68% 42%

]_/ Computed below

The most accurate method of getting the areas is to plot graphically and plani-
meter. For this example, however, the area is assumed to be 42 acres with the
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corner attachment off and 118 acres with the corner attachment operating. Assume
the entire area, 160 acres, is watered.

42
Percent of area when off = t-ett = 26.25%

I bU

118
Percent of area when on = ttq = 73.75%

To get combined system averages- .

Gross application = (2.5)(0.7375) + (3.2)(0.2625) = 2.68 in.

Weighted average = (1.25)(0.7375) + (2.56)(0.2625) = 1.59 in.

Low 25% = (0.75)(0.7375) + (2.18)(0.2625) = 1.13 in.

Pattern efficiency =y^g| x100 =71%

Application efficiency =
1.59

2.68
x 100 = 59%

System efficiency = 71% x 59% = 42%
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TITLE: EQUIPMENT CHECK LIST FOR IRRIGATION EVALUATIONS

References:Date: \ f
4/78 \ J

IRRIGATI0N METHOD

Equipment

TO EVALUATE

Drip Surface Sprinkler

Orifice plate X

Flume X
Weir X
Propeller meter X
Measuring pail X X
Catch cans (50 cans per set) X
500 ml.graduated cylinder X
Wind velocity meter X
Thermometer X
Stop watch X X X
Pitot tube X

Pressure gauge X X
Garden hose X
Pipe wrench X X
Adjustable wrench X X
Pliers X X
SoTl sampling probe X X X
Soil auger X X X
Level instrument X
Stadia board X

Flags or stakes X
Chain (100' or 200') X X X

Measuring tape (10*) X X X
Shovel X X X
Boots X X
Rain coat X
Clip board X X X
Applicable forms X X X

Location: Lubbock Area | Developed By: M. Namken Jfwirorf By: ERL j
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Sheet -Lof —L

The measurement of sprinkler nozzle discharges plays an important role in the
management of sprinkler irrigation systems.

Volumetric Method

The volumetric method is an accurate method because the exact discharge of the
nozzle is measured.

The equipment needed to perform the volumetric measurement consists of:

1. 5-gallon container

2. Small length of garden hose

3. Watch with second hand or stop watch

While the sprinkler is operating under pressure, the length of garden hose is
slipped over the nozzle, allowing the water to flow through the hose to the
ground. The 5-gallon container is then placed under the discharging hose and
the time required to fill the container is recorded. From this measurement the
sprinkler discharge in GPM is calculated.

EXAMPLE

Time to fill 5-gallon container; 90 seconds = 1.5 minutes

Sprinkler discharge = i 1*1'. =3.3 GPM
—c 2— 1.5 mm.

If the sprinkler being measured has a double nozzle, the discharge from each
nozzle is added together to get total nozzle discharge.

Note

By checking the discharge of individual nozzles throughout the length of a
lateral line, the system capacity can be estimated with reasonable accuracy.

Inratinn- Lubhnrk Area Developed By:JL Namken Checked By: ERL
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OBJECTIVE

To develop a table that relates the center-pivot timer to gross water (in inches
applied. This table can be used by the irrigator to adjust the system speed to
obtain a desired gross application.

PROCEDURE

1. Determining Speed of End Tower:

Set a stake by a wheel on the end tower. Start timing when the wheel starts
moving forward. Continue timing until the wheel has moved 20 to 30 feet.
Stop timing and stake second point by wheel when wheel starts another move.
Read time and measure distance between the two stakes. From the time and
distance measured, the end tower speed can be determined as follows:

End tower speed (ft per min )= (distance traveled in feet)(60 min per hour)
(time in minutes)

A more accurate method is to set a stake by the wheel on the end tower and
start timing when the wheel begins to move forward. After the can catch is
made, stop time and set second stake as the wheel begins to move forward.
Determine time required for travel and the distance between two stakes.
Compute speed as above.

2. Determining Time per Revolution:

Once speed is determined, compute time of travel for one revolution.

Circumference of end tower = 2(distance from pivot to end tower)(3.1416)

Time per revolution (hrs.) ..Circumference of end tower (feet)
at %setting on timer *~Speed of end tower (feet per hour)

3. Determining Hours per Revolution for 100% Dial Setting:

Hours per revolution at 100% =(hours per revolution)= dia] ^ttln9
IUU/o

Note: Use the dial setting on the control panel at the time the speed was
determined. This can be any setting from 0 to 100%.

inratinn- Lubbock Area Developed By: M- Namken Checked By: EEL
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4. Determining Hours Per Revolution for all Dial Settings:

T. , . . . Y0/ (hours per revolution at 100%)(100%)Time per revolution at X% = -* c : ry^r -—•" u

5. Determining Gross Application for Each Dial Setting:

r^r.,, in„K„fl'M - (hours per revolution for dial setting )(GPM)
Gross application - •» e /nc~>\/1\ :—:—it-tx— y Lvv (453)(Acres irrigated)

Note: For acres irrigated, use design acres. If not available, use the
effective wetted area.

6. Example: The center pivot timer was set on 60% and the end tower traveled
87.7 feet in 19 minutes. The distance from the pivot to the end
tower is 1,205 feet. The system is applying 850 gpm on 130.09
acres.

a. Determine system speed:

speed = \87.-7)(60) =2y6>g fegt per hour

b. Determine time per revolution:

Circumference = (2)(1205)(3.1416) =7,571.3 feet

Time per revolution = '276*9 = ^"^ hours

c. Determine hours per revolution for 100% dial set:
l for)0/)Hours per Rev(100%) =27.34|fg§|) =16.4 hours

d. Determine hours per revolution for all other dial settings:

For 90% hours =(16-^100%) =18.2 hours
For 80% hours =(16-^100%> =20.5 hours
For 70% hours =(16^)(100%) a 23.4 nours
For 60% hours - (16-46»100%) =27.3 hours
For 50% hours = (16-4)000%) = 32Q hours

DU/o

For 40% hours =(16-^i100%> =41.0 hours
For 30% hours =-^^=54.7 hours
For 20% hours =(16^H10Q%) =82.0 hours
For 10% hours =^6-^I100%) =164.0 hours
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e. Determine gross application for each dial setting:

io°- *«««* - &S% - °-24 inch
90S setting =(^j^|<°S°^ •0.26 inch
80" settin9 "(43°S(iJo509) =°'30 inch
W setting •(il|||j^9) -0.34 inch
60% settin9 • (liailB)= °-39 inch
50% sett1ng =fefift= °-471nch
40, setting • $rf^ • 0.59 inch
30% settir) . (IliJS) - 0.79 inch
20% setting - (l53)(B) =1-18inches
10% setting . (&f| tjffijjj - 2.37 inches

Dial Setting

100

90

80

70

60

50

40

30

20

10

SUMMARY

Hours/Revolution

16.4

18.2

20.5

23.4

27.3

32.8

41.0

54.7

82.0

164.0
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Gross Application
(inches)

0.24

0.26

0.30

0.34

0.39

0.47

0.59

0.79

1.18

2.37
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TITLE: PROCEDURE FOR DETERMINING WEIGHTED FACTORS FOR
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References

A. Weighted Factor for Systems Without Corner Attachments

When catch cans are set on uniform spacings, the area weighted factor becomes the
can number and simplifies computations. As an example (See sketch No. 1), the
first can is set 30 feet from the pivot, the second can (30 feet from No. 1)
60 feet from the pivot, and can No. 3 (30 feet from No. 2) 90 feet from the
pivot. This continues for a distance beyond the last nozzle. There are usually
43 or 44 cans for a regular quarter section system without a corner attachment.

The area weighted factor for can No. 1 is 1; for can No. 2, it is 2; and for
can No. 3, it is 3; and so on. The weighted factor 2 is a ratio of the land
area for which can No. 2 catches water as compared to the land area for which
can No. 1 catches water. The land area of can 3 is 3 times as large as can
No. 1, and so on.

Can No. 1 is 30 feet from the pivot. It represents a land area from 15 feet
(halfway to pivot) to 45 feet (halfway to can No. 2). Cans 2, 3, and others
represent an area halfway to the can on either side of them. The area of a
circle is equal to 3.1416 times the radius squared.

Al = the area represented by can No. 1=3.1416(45)2 -3.1416(15)2

= 6,361.74 - 706.86

= 5,654.88 square feet

A2 = the area represented by can No. 2 = 3.1416(75)2 - 3.1416(45)2

= 17,671.6 - 6,361.74

= 11,309.76 square feet

A3 = the area represented by can No. 3 = 3.1416(105)2 -3.1416(75)2

= 34,636.14 - 17,671.6

= 16,964.54 square feet

inratinn- Lubbock Area jDeveloped By: M- Namken Checked By: _£RJ
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The weighted, factor for can No, 1 is its area compared to itself or:

5,654.88
5,654.88 = 1

The weighted factor for can No. 2 is its area compared to can No. 1 or:.

11,309.76 _ ?
5,654.88

The weighted factor for can No. 3 is its area compared to can No. 1 or:

16,964.54 M,
5,654.88

The procedure can be followed in determining all other can weighted factors.

The procedure can be used to determine can weighted factors for other uniform
spacings and for nonuniform spacing.

B. Weighted Factors for Systems with a Corner Attachment

The weighted factor for cans on a corner attachment are the same as those on a
system without the corner attachment for a distance equal to the circle radius.
For a conventional system this would be 1,320 feet. Beyond this point the corner
attachment is operating only during part of the circle, creating an arc or part of
a circle in each of the four corners of the field. See sketch No. 2.

When computing the weighted factor for a can beyond the circle, the area of land
represented by the can is compared to the area of land represented by can No. 1 as
previously discussed. To compute the area represented by a can beyond the circle,
develop a graph as shown in sketch No. 3. For the X-coordinate, calculate
distances from the last complete circle radius (value #1) to the diagonal distance
from the pivot to a corner (value #2). For a conventional 160-acre system this
would be 1,320 feet (value #1) and 1,866.7 feet (value #2) which establishes two
X (or abscissa) values.

Along the Y-coordinate calculate the arc length from 0 (value #2) to that of the
arc of the radius of the circle when the corner attachment is operating (value #1).
This distance is one-fourth of the circumference times the percent operating time.
For example, the circumference of a circle with a radius of 1,320 feet is 8,293.8
feet. The arc length of one-fourth of the circle is 2,073.5 feet; Assuming the
system operates 66.7 percent of the time without the corner attachment being on,
the system's arc length while operating is 1,383 feet (value #1). This establishes
two Y (or ordinate) values.

Plot the two points established by the above coordinates. One point has the
coordinates of 1,320 feet (abscissa) and 1,383 feet (ordinate). The other point has
the coordinates of 1,866.7 feet (abscissa) and 0 feet (ordinate). Although the
shape of the curve between the two points is actually curvilinear, the algebraic
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equation can be approximated by a straight line. Therefore, draw a straight line
between the two points and label it as the pivotal line. To determine arc lengths
for cans beyond 1,320 feet, enter the X-coordinate at the distance that the can is
from the center pivot, move vertically up to the pivotal line, then horizontally
to the Y-coordinate and read arc length.

As an example, can No. 50 is 1,500 feet from the center pivot. Enter 1,500 feet
on the abscissa, move vertically to the pivotal line, and then horizontally to
the ordinate. Read 930 feet. Since the can spacing times the arc length gives
one-fourth the area for can No. 50, the corner area is therefore (930')(30') =
27,900 square feet. The area for can No. 50 is then 4(27,-900) or 111,600 square
feet. The area of can No. 1 is 3.1416(45)2 - 3.1416(15)2 or 5,654.87 square
feet. The weighted factor for can No. 50 then becomes:

"Hgg-gg* 19.735 or 19.7
5,654.87

The weighted factor for any can beyond 1,320 feet can be obtained in this manner
regardless of can spacing. It must be recognized that no center pivot sprinkler
system will water exactly to a fence line or exactly to a corner. When determining
the arc length in a corner and adjusting this length (+) or (-), by visually
observing the wetted pattern, a reasonable area for the corner cans can be obtained.
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(L)(W)
Area or 2,6-iC roct square •—yr—rjry

Sheet JL of-JL

(2,640)(2,640)

i-AoO = i6° acres
Area of circle with 1,320 foot radius = ifr- - ;'3 .1-16) l1 ,320"; -

12 5.56— acres

Diagonal from center to corner -^j~~ * V = J{1,3 23 -) (1 ,323") •
1,866.76 feet

Circumference of circle (C) • 2rr = (2)(3.1416)(1,320) = 5,293.3'

Wetted length of arc at 1,323' • (C/4)£1 Tine on) = (8,295.3/4)
(0.667) « 1 ,533 feet

(Spacing of catch cans set at a uniform 50 feet)

Scale: 1" = 400*

SKETCH NO. 2
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Radius of circle = 1,320 feet
Circumference = (2) (O (r) = S , 295.8 feet
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TTLS: CENTER-PIVOT SPRINKLER IRRIGATION SYSTEM
[VALUATION SHI 11

References

Date 7-.24-78Name of Land User_

SCS Office Technician

HARDWARE INVENTORY

Brand name and mode1 Valley - LovJ Pressure M°<J&1 4/71

Is design available? Yes No. towers 7

Nozzle: Type Sannm^er •£?"'*/ Pattern '/a Circle Position Tj^l^S

Spacing 8 ft Height

Is pressure regulated on each nozzle? /Vg

Type tower drive E/sc-ir/c

)7 +£> /S*

If water type, distribution patterns of drive water HA

System design capacity SOc

End gun capacity

ft

_gpm

71 _gpm

Design operating pressure 3 7. psi

Operating pressure /7. 7 psi

Design wetted diameter of nozzles XO ft 7L0 ft 2^ ft 'Zo ft

FIELD DATA INVENTORY
# 5 # 2.S # qo # /so

Wind: Speed S -/•£> £> mph Direction (from) 34S E

Line direction: From center to outer tower E3S*

Time of day /o:4S - fejJS

80 oF

moving PounTer.clock

Air temperature upwind_

Soil temperature (3" depth) before_

Type crop CoJ+on
Soil type hmar,llo -fist
Days since last irrigation £1

Humid ity_

Downwind

83 T

Height of crop_

let water needed

7o %

76

after 78

/£

£L

Or

in.

in.

Estimated consumptive use 3J5~ in<

Location: Lubbock Area Developed By: M- Namken Checked By: ERL
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Distance from center to: End tower 1,70S ft Wetted edge 1,345' ft
Qcn £~S'/ryutfJ -Prom

System capacity &z>u g^ ^ow obtained ot,+<-a4t«* gZji&Aurt-

Operating pressure at: Pivot 3jj» psi End tower 3 *"*. psi

End tower speed 3.77 ft/hr

Measured wetted diameter of nozzles -3° ft 3 5* ft 3Q ft 3 a ft
# S % 25 # 90 I AST©

Measured Nozzle Data: Location & Type Rate - gpm Pressure - psi

+/0- '/4K7.S 1.4- 3S

*80-%K3S- s.S 74-

*/£O-i/zK£>0 S.s- is

Type and size catch cans used * c-an °' Height above ground £x in
Setting of the speed indicator &OYo

Maximum application rate £<_/ inch per hour

Pumping plant efficiency &3-7 %

Cost per unit of fuel $£.Q32./Kwh Total dynamic head 2.4Z ft
Cost per acre foot per foot of head %Q,oS\ (-fuel)
Annual gross application /4; ___ in

EVALUATION

Circumference of end tower 7,571. 7h~ ^

Hours per revolution ^'• •" hr

Area irrigated 13 0. 47 acres

Gross application^ <Hrs- ?er revolution)(gpm) „ I 77.Z2>){BS0) , 0.393
^ (453)(acres) [4S3){l3oAl) ' '

Weighted System Average

Sum of (Factors) 984- Sum of (Catch).(Factor) 65, 205-
Weiahtect Averaae = Sum of (Catch)(Facton)we-ignteo Average Sum of Factors

- *>s, 70S = L&.XbS cc _ Q.33I in.
964-
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Weighted Low 25" Average

Sum of (Factors) 747 Sum of (Catch X Factor) U.2>4o

Weighted Average = Sum of (Catch)fFactor)
Sum of Factors

a LLMl - 48.33.6 cc . Q.74-5 in

Pattern Efficiency = Weighted Average (Low 253)(100)
Weighted Average (System)

= (O.245)(}00) _ 73,8 %
0.33/

Application Efficiency = lM2hM Average Catch (System) )(100)
Gross Application

_ (Q-33))(100) _ 84. 7, %
o.393

System Efficiency = Pattern Efficiency x Application Efficiency * 100

FIELD OBSERVATIONS

73. & )(8l7) (oZ.l
100

Crop uniformity Fair - Crop shorter b&yc~J <*mj -ro^er
Water runoff Not sig m.-Pica^j"
Erosion 5>f?l*sh erosion -trom Gr?o aUrl

Tower rutting 3 to & d<eep
System leaks About •5'c)Fm 3-t p'00^
Fouled nozzles None. 3f?f?arenT

Other observations Snd $un cperatrz cori/in Mo^j/y srig Ji-^char^cs
h*yOr,J -Pi-e/J bourtj&ry 3/on* s/J-r^ erf -p'tld

RECOMMENDATIONS ' J

JU/7fr?Te. e-/7<£7 qi^r? Z7S /7*/~f Cl^cie. &&CK 7-Oi^^r-O p?/UOi c>r

eJ/f/j/le/TC qum. (7) £h*cl<- /ouj catch *t novelet =/t2.4-}

2s-j 07, B 8 /OS ^nd -Ps-om 732 •/-& e*d.(3) Chsck h,<jh

C^cli #-f rjo^/es & 4&j &St /°<o, 3-n<=) /as. CD Fo^s^y

r>-^33^ // Or/liC-?-* 3^*- O.K.
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Can

No. Factor
Catch

fee)
Catch X
Factor

Catch

tin.)
Can

Mo. Factor
Catch

(cc)
Catch X
Factor

Catch

(in.)
/ / plterJ 3. >' £r-or" f- ioo~T 43 43 10 1,170 0.70

2 2. gnj 3o '•/!?•*"<? a &e. 44 44 35 ),540 0. IS

3 3 - - - Su rn 9 64 - 105,705 —

4 4 (oO 2.40 0.30

5 5 75 37'5 0.38

6, (e 75 450 0.3%

7 -7 bo 42 O 0.3o

e & 70 560 0.35

9 5 7£- t>7£- 0.38

/o jo 70 700 0.3r
• 252 Factor Sum =

984 * 4 = z4-£>li ft 80 86O o.4o

/2 12 7S SCO 0.3 8

13 13 85 1,105- D.43
Low 252 Cans —,'4 It- 7o 98o 0.35"

IS is 70 J,05-0 0.35- 44 44 3S 1,540 —

/(*> /te 70 /, 120 0.35 43 43 4-o 1,770 —

17 /* 10 1, 190 0.35 42- 4% 55 2,310 —

SB IS 2? 1,5-30 0.43 32> 3Q 55 2,090
-

/9 Id joo 1,9 00 O.50 3b 36 5S l,9Bo —

2o 20 80 l,6*o 0.40 3£ 2$ SS l,S4o
2< 21 65* I,3b5 0.33 7 7 bo 470
27 22 £5* 1,430 0.33 4 4- bo 74o —

73 23 75 1,125 0.3S Surrt 747. — 11,2,4-0 —

74 24 ho 1,44-0 0.30

is 2S- bS I,b25- 0.33

2C 2(~ 80 a.oBo o.4o

27 2-7 7s- 2,0X5 D.32>

2o 23 55 i,54o 0.7%

23 29 85- 2,4-bS o.43

30 3o 70 7,)D0 D.35~

31 31 7S 2,325 0.3b

37. 32- 7o 7.,24-D 0.35

Maximum Application Rate33 33 <oS 2,145 0.33

34 34- £>5 2,210 0.33
\ 0 mm. Latcnj -

3S- 3S- 05" 2,375 0\43 / - IS -

3t 3l~ S5 1,9So 0,28 7 - 75 _

37 37 65 2,405- 0.33 3 - 35 M*X- O.i75

38 3o S5 7,090 0.2& 4 - 75 —

39 33 7o 2,130 0,35 S - 70 —

40 40 bo 2,4°° 0.3O

41 41 b5 2M5 0,33 .Max. Rate = N 1 1.H—

1 1. 1

1 = 7.1 irvAw."
42 42 55 2,310 0.7%
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APPENDIX D. Furrow Irrigation System Evaluation

1. Training Guide
2. Example Evaluation
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TITLE: TRAINING GUIDE FOR FURROW SYSTEM EVALUATE

References

The purpose of this procedure is to provide a simple, quick, reasonably accurate
method of evaluating a furrow irrigation system so that problems can be identified
and alternative recommendations for improving the system can be presented to the
irrigator. The training guide serves as a reference for training and maintains
consistency throughout the area. It is not intended to establish SCS policy or
be for research or statistical data.

Elements such as production, scheduling, pumping plant, conveyance, tailwater, and
water management are not included in this evaluation procedure but should be
considered during the evaluation and if determined needed, applicable additional
evaluations should be made.

This evaluation was prepared so that it can be used to evaluate a furrow system
(a) using data provided by an irrigator, requiring wery little time, or (b) it
can be used with.data obtained from detailed field investigations, requiring
considerably more time. The accuracy of the evaluation is directly related to
the accuracy of the data collected by interview or investigation and will vary
by jobs and farms.

The method selected on individual jobs of the
runoff, soil moisture, opportunity time, etc.,
because many variables occur in the field and
single method will work for the variable condi
experience and good judgment must be used to s
to which each individual job is investigated s
accuracy of the data remains fairly consistent
If one job is estimated, a lot of time should
the other jobs. Instead, select a method that
detailed data is desirable, gather detailed da

evaluation, such as measuring water,
will vary from site to site

the limited time available. No

tions of all sites. Knowledge,
elect the best method. The extent

hould, however, be such that the
for all jobs of the evaluation,
not be spent gathering data for
requires the least time. If
ta throughout the evaluation.

There are many ways to gather data needed for individual jobs. The worksheet
does not provide space for computing all data. The computations used to arrive
at values for the worksheet should be recorded on computation sheets and attached
to evaluation worksheet.

It is suggested that each individual assemble a book of material containing
guides, charts, graphs, formulas, examples, etc., that are tailored to his needs
for his area of work.

Location: Developed By: Checked By
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HEADING: Record the farm or producer's name, field office area in which farm is
located, technician or technicians doing the evaluation and the date field work
was completed.

WATER PUMPED: The amount of water pumped is expressed in inches of depth over the
area irrigated. Usually it is based on the irrigation set being watered during
the evaluation; however, in special cases, it may be desirable to base it on the
area of a furrow, field, a system or farm. If tailwater is added, the stream
size varies or a cutback stream is used, necessary adjustments can be made by com
puting the volume applied on the area irrigated to get depth pumped.

The SCS-NEH, Section 15, Chapter 5, training guides,and manufacturer's literature
provide instructions on metering water. The options available will be dictated by
site conditions, equipment available, time required, and the desired accuracy.

The area irrigated can be determined by chaining, measurements taken from
topographic maps or aerial photos. Turnrows, roads and odd area, not actually
irrigated, should not be included in the area irrigated.

Charts, graphs, tables, slip stocks or math equations can be used to convert the
metered stream size to inches of depth. References are in SCS-NEH Section 15
Chapter 9, training guides, working tools, and manufacturer's literature.

A simple math procedure that has a wide range, of use in irrigation is as follows:

Rule to Remember

450 Gallons Per Minute (gpm) is equal to 1 cubic foot per second (cfs) and when
flowing for a period of 1 hour, applies 1 inch of water on 1 acre.

Procedure

1. Determine acre-inches of water pumped.

Acre-inches of water pumped = (metered stream In gpm)(time pumped in hours)
K r 450 gpm/cfs

2. Determine acres irrigated.

Acres irrigated = (width in feet)(length in feet)
3 43,560 sq ft/ac

Note: Width can be found from

(width in feet) = (row width in inches)(number of rows per set)

3. Determine depth of water pumped.

Depth of water pumped in inches = Acre-inches of water pumped
Acres irrigated
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WATER LOST IN DELIVERY SYSTEM: The amount of water lost in the delivery system is
expressed in inches of depth over the area irrigated. It is very difficult to get
an accurate measurement of the delivery loss in many systems because of the limits
of available equipment and the conditions at the site. Delivery losses exceed
distribution system losses in some cases; therefore, it is important to make at
least a good estimate of the loss when applicable.

The equipment and methods used to determine the amount of water pumped also apply
to delivery losses. When the flow cannot be metered, an estimate of soil infil
tration and evaporation rates can be made to determine delivery loss. See
"Training Guide for Determining Delivery Losses," or refer to Report 79-02, "Cost
Analysis of Irrigation Ditch Losses," High Plains Underground Water Conservation
District No. 1, 2930 Avenue Q, Lubbock, Texas 79405.

WATER APPLIED TO FURROW: The water applied to furrows is expressed in- inches of
depth over the area irrigated. It is the amount of water applied to the upstream
end of the furrows and is determined by subtracting the delivery loss from the
water pumped. If there are no delivery losses, the water applied to furrows
would be the same as water pumped.

WATER RUNOFF AS TAILWATER: The tailwater runoff is expressed in inches of depth
over the area irrigated. The limited equipment, site conditions, and the time
available will make it difficult to meter tailwater in many cases. The methods
of metering water and converting flow rates to inches of depth used in determin
ing water pumped apply to metering tailwater. When tailwater cannot be metered
an estimate can be made. Field experience and use of good judgment will enable
reasonable estimates of tailwater runoff. References can be found in:

1. Engineering-Irrigation Memorandum TX-1, Irrigation-Design Criteria
for Irrigation System Tailwater Runoff.

2. Guide to Irrigation Tailwater Recovery Report No. 77-01, published by
the High Plains Underground Water Conservation District No. 1,

3. Training guides.

WATER INTAKE INTO FURROW SOIL: The amount of water entering the soil is expressed
in inches of depth over the area irrigated. The water intake is found by sub
tracting tailwater runoff from the water applied to furrows. When no tailwater
runoff occurs, the water intake is equal to water applied to furrows.

PERCENT TAILWATER REUSED: The percent tailwater reused compares the amount of
tailwater pumped back into the system to the amount of water pumped. It is
usually based on gallons per minute but could be based on cfs, acre-inches, or
inches of depth. The pumpback rate should be an average based on the same time
frame used on the water source. As an example, an 800 gpm well is pumped 24
hours daily. A collector system collects the tailwater and pumps it back at a
rate of 300 gpm for 8 hours daily. The average pumpback for 24 hours would be
100 gpm (8/24 x 300 = 100).

The percent of tailwater reused = ^00' gpm^100) = 12-5%
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The 12.5 percent tailwater reused is not the same as tailwater runoff since wateris
lost in the collector system. It is only the water recycled into the irrigation
system and becomes part of the source on future sets.

When evaluating an irrigation set that uses recycled tailwater as part of the
source, the tailwater should be added to the pump capacity or streamflow when
determining water pumped. No other adjustment to the evaluation is necessary.

STATIONS: The stations are points along the length of furrows at which specific
data is gathered. Since efficiencies compare the application on one-fourth of the
furrow length to the entire furrow length, adequate data for the evaluation can
be obtained by using only 5 points, upstream end or 0, stations at 1/4, 1/2, and
3/4 of the furrow length and the downstream end of the furrow. When more specific
data is desired the station can be extended by taping on a second sheet of paper
to record additional stations as needed.

AVERAGE SLOPE: The average slope is shown in percent of the furrow length
between stations. Normally, minor furrow slope changes are not significant and
a close estimate is sufficient for recognizing a problem. Major slope changes
are significant, however, and should be identified as well as furrows that
flatten out on the downstream end.

DOMINANT SOIL: The dominant soil should be determined for the length or area
between stations. Normally, a soil change would not be significant; however,
when moisture holding capacities vary over about 1 inch or intake families vary
more than 1 family curve number, the soil may have a significant effect on the
efficiency and should be considered. This would be especially true when it
represents an area large enough or so located that reorganization of the system
to better fit the soil would be feasible.

IRRIGATION TIME: The irrigation time is expressed in minutes and is the total
time of set or the time water is being applied to the furrows at the upstream
end of the furrow.

ADVANCE TIME: The advance time is expressed in minutes. It represents the time
required for water to travel to a station after the set is started at 0 or up
stream end. Since all furrows in a set do not have the same advance time, an
average advance time should be estimated. This can be done by comparing the area
or total furrow length wetted beyond the station to the area or total furrow
length that has not yet received water. It is more accurate to estimate area
or total length than taking the time when water in half of the furrows passes
the station. When the advance time goes beyond normal working hours, it may be
advantageous to locate the stations with flags or stakes and have the irrigator
determine the time when water reaches each station.

When time is not available to actually measure the rate of advance, a reasonable
estimate can be made if the starting time, the advance time to the end station,
and the total irrigation time are known. By analyzing the advance time of furrows,
it has been found that the rate of advance to a station can be estimated as a
percent of the advance time to the end station. When slopes and soils are uniform
the advance time for the 1/4 station is approximately 10 percent of the time re
quired for water to reach the end of furrow, For the 1/2 station it is 30 percent
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and for the 3/4 station it is 60 percent. Field experience will enable corrective
adjustments to be made when slopes or soils are siqnificantly variable. Refer
to the graph "Rate of Advance for Uniform Furrows."

Slope, length, roughness, size and the rate of application are not significant
in this procedure so long as they are uniform throughout the furrow. Adjustments
can be made on the basis of visual observations when factors are not uniform by
adjusting advance time or recession time.

When a significant slope change or soil change occurs, the advance time can still
be estimated if the time of advance to the break point and the time of advance
to the end of the furrow is known. Each section should be treated as an individual
furrow when using the rate of advance graph. The advance time for the first
section is based on the time required to get to the break point. The second
section will start the advance time when water reaches the break point and con
tinue to the end of the furrow.

TIME OF RECESSION: The time of recession is expressed in minutes. It is the
time water remains on the surface at a station after the furrow stream is
stopped. When measuring or timing the recession time, visual observations and/or
experience will be necessary. The recession time should be taken when the water
has disappeared from about 50 percent to 75 percent of the wetted perimeter. This
will account for most of the volume of water in the furrow. For level furrows or
graded furrows, the recession time is taken in the same manner. If the 50 percent
to 75 percent rule becomes hard to apply, judgment can be used as to when an
insignificant amount of water is left in the furrow.

OPPORTUNITY TIME: The opportunity time is expressed in minutes. It is the time
that water stands on the surface, enabling water to penetrate the soil. It is
computed for stations by subtracting the advance time from the irrigation time
and adding recession time.

AVERAGE OPPORTUNITY TIME FOR FURROWS: The average opportunity time for the
furrows is expressed in minutes. It is found by adding the opportunity time of
stations and dividing the sum by the number of stations.

INTAKE FAMILY FOR THIS IRRIGATION: The intake family is expressed in a decimal or
whole number. It is found by entering the graph "Family Intake Curves for
Furrow Systems" with the average opportunity time and the water intake into
furrow soils. The family intake for this irrigation is found where the two lines
intersect. The family curve is extended from the points parallel with adjacent
families. The family intake curve should be similar to the family curve for the
soil as shown in the irrigation guide or irrigation interpretations for soils.

WATER APPLIED TO STATIONS: The water applied to stations is expressed in inches
of depth at that station. It is found by entering the graph with the opportunity
time for the station and reading accumulated inches on the left of the point
where the opportunity time intersects the family intake group for this irrigation.
The average of all stations should equal to the water intake into the furrow.
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WATER HOLDING CAPACITY OF ROOT ZONE: The water holding capacity of the root zone
is expressed in inches of depth. It is found in the irrigation guide or irriga
tion interpretations for soils. Adjustments should be made to figures in the guidej
if better data is available or site conditions differ from standard guide data.
Soil depth, bulk density, exclusions and surface modifications are factors that
would require adjustments to figures in the guide.

WATER IN ROOT ZONE BEFORE IRRIGATION: The water in the root zone before irriga
tion is expressed in inches of depth. It is found by field examination of the
profile, using any one of several methods such as "feel method," speedy moisture
method, oven method, or the volume percent moisture method.

It is not always necessary to sample all stations. Experience and judgment will,
to a great extent, dictate the number of samples needed. An estimate of water
in the soil can be made on the basis of consumptive use since last irrigation when
detailed accuracy is not important. Generally samples should be taken from at
least two sites.

NET WATER REQUIRED: The net water required is expressed in inches of depth. It
is found by subtracting the water in the root zone before irrigation from the
water holding capacity of the root zone. This is normally referred to as net
irrigation requirements. It can be estimated from consumptive use tables if
detailed accuracy is not important.

WATER APPLIED IN ROOT ZONE TO STATIONS: The water applied in the root zone to
stations is expressed in inches of depth. It is the lesser of the water applied
to stations or net irrigation required.

AVERAGE WATER APPLIED IN ROOT ZONE TO FURROW: The average water applied in the
root zone to the furrow is expressed in inches. It is found by adding the water
applied in the root zone to stations, for all stations, and dividing the sum by
the number of stations.

AVERAGE WATER APPLIED IN ROOT ZONE TO 1/4 AREA: The average water applied in the
root zone is expressed in inches of depth. It is found by averaging the adjacent
amounts of water applied in root zones to stations.

WATER DISTRIBUTION IN FURROW: The percent water distribution in the furrow
compares the low station to the high station. This is not the system efficiency
since it does not consider net irrigation required, the water holding capacity
of the soil or 1/4 the area. It is a simple way of expressing maximum/minimum
application by stations.

A good working tool for the landowner can be developed on a graph that shows depth
of water on the left and stations across the bottom. Plot water in inches of
depth before irrigation, plot water holding capacity of the soil and plot total
water in soil after irrigation. The graph will show the available water, the
effective water added, the pattern, and deep percolation.

PATTERN EFFICIENCY: The pattern efficiency compares the effective irrigation
water applied on 1/4 the furrow length to the average effective water applied to
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the entire furrow. A 100 percent pattern efficiency shows that the entire root
zone is at field capacity. Pattern efficiencies less than 100 percent show that
there is a dry area in the root zone and the percent that is dry.

APPLICATION EFFICIENCY: The application efficiency compares the average effective
water applied in the furrow to the water pumped. A 100 percent application
efficiency would indicate no delivery losses or tailwater runoff occurred.
Efficiency less than 100 indicates how much water was lost either as delivery or
tailwater runoff. Application efficiency also accounts for deep percolation
losses.

SYSTEM EFFICIENCY: The system efficiency compares the effective water applied on
1/4 the furrow length to the water pumped. Pattern efficiency multiplied by
application efficiency equals the system efficiency. Tailwater runoff and
delivery losses lower system efficiency as it did in application efficiency.
Deep percolation is also accounted for.

WATER USE EFFICIENCY: The water use efficiency considers the tailwater recovery
system. When evaluating the application and system efficiency the distribution
ofwater in the furrow is compared to the water pumped. Although tailwater helps
in uniformly distributing water in the furrow and can be reused, it is lost as
far as the irrigation system is concerned. The water use efficiency will show
that a reuse system was used and how much water was reused. If no tailwater is
recovered, the system efficiency will equal the water use efficiency. Two like
systems, one reusing tailwater and the other not, would have the same system
efficiency but different water use efficiency.

SOIL WATER METHOD OF EVALUATING A FURROW SYSTEM

With a few modifications, the foregoing procedure applies to systems on soils that
do not fit into a uniform intake group or on systems where opportunity time is
difficult or undesirable to obtain.

The worksheet for furrow system evaluations is used as previously described with
the exception of deleting the following items:

Irrigation time (min)

Advance time (min)

Time of recession (min)

Opportunity time (min)

Average opportunity time for furrows (min)

Intake family for this irrigation

Considerably more care should be taken in determining water in the root zone before
irrigation, and water applied to stations.
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To determine the water applied to stations, soil samples must be taken about 24
hours after an irrigation and the water available in and below the root zone must
be determined. The water applied is computed by subtracting the soil water before
irrigation from the water after irrigation.

The procedure has one problem in that if deep percolation occurs it is difficult
to auger or probe deep enough to determine penetration depth which makes it dif
ficult to determine the exact amount of moisture added for each foot. With good
judgment and field experience, a reasonable estimate can be made for identifying
the problems with the system. A check can be made by comparing the average of
the water applied to stations to the water intake into furrow soil.

EXAMPLE No. 1 - FURROW EVALUATION

This is an 80-acre farm. The field is 2,640 feet wide and 1,320 feet long. The
furrow system is 2,640 feet wide with 1,300-foot long rows. Water from a well
is pumped to the high corner of the field in a plastic pipeline. A ditch 2,640 feet
long carries water to the furrows. Siphon tubes apply water from the ditch to the
furrows.

The irrigator states that he uses a 600 gpm well to irrigate 30 rows.

His equipment is set on 40 inches.

He plants solid cotton and waters every row for 8-hour sets.

He has blocked the ends of the furrows and no tailwater runs off the field, some
does break over into adjacent sets.

It takes about 5 hours for the water to reach the end where it stands about 2 hours
after he changes the set.

It has been 3 weeks since the field was irrigated. The weather has been about
normal, with some thunderstorm activity in the afternoons in which 2 light showers
wetted the soil surface.

Water pumped: Ac-in. Dumped =j^^&jM jg§J =10.67 ac-in.
(30 in. x 40 in.)(1,300 ft)

Ac irrigated = c^TTTTT, =2-98 ac
43,560 sq ft/ac

Depth pumped =10;6^Qac"in- =3.58 in.
2.98 ac

Water lost in delivery system: The "Training Guide for Determining Delivery Losses"
shows the ditch loss in Amarillo loam to be about 8.9 ac-in. per mile per day.

The average miles of ditch used is 2;640 ft—- or 0.25 miles
(2)(5,280 ft)
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The 8-hour set is equal to 8/24 or 0.33 days.

Total ditch loss = (8.9 ac-in.)(0.25 mi)(0.33 days) = 0.73 ac-in.

n j.u i 0.73 ac-in. _ n 9/l •
Depth lost = —2,98 ac

Water applied to furrow: The water pumped (3.58 in. minus the water loss in
delivery, 0.24 in.) is equal to 3.34 in. applied to the furrow.

Water runoff as tailwater: Assume no tailwater is lost since the water breaking
out of the furrows in the set being evaluated is compensated by water inflow from
the last set or from next set.

Water intake into furrow soil: Since no tailwater ran off, the water intake into
the soil is the same as the water applied to the furrow (3.34 in.).

Percent tailwater reused: A tailwater recovery system is not part of the irriga
tion system; therefore no tailwater is reused. If it had, the average gpm for
the 24 hours would be compared to average pumped in 24 hours to get the percent.

(Average tailwater gpm reused)(100)
J 2 * ^—j u L = percent reusedAverage pumped K

Stations: One-fourth stations are assumed since a field evaluation will not be
made.

Average slope: Based on landowner's comments, general knowledge of the area and
the dominant soil, a uniform slope of 0.3 percent is assumed.

Dominant soil: The county soil survey shows significant soil to be on Amarillo
loam.

Irrigation time: The irrigation time is 8 hours or 480 minutes (8 x 60).

Advance time: The advance time at zero feet is zero and at 1,300-foot it is 5
hours or 300 minutes (5 x 60). Since the time at 1/4, 1/2, and 3/4 is not known,
it is estimated are 10 percent, 30 percent, and 60 percent of the advance time to
1,300. (See the graph "Rate of Advance for Uniform Furrows.") For the 1/4
station, the advance time is estimated to be 30 minutes (0.10 x 300); for the
1/2 station, 90 minutes (0.30 x 300); and for the 3/4 station, 180 minutes
(0.60 x 300).

Time of Recession: From past experience the recession time is estimated as 15 rninn
utes for zero, 20 minutes for the 1/4, 1/2, and 3/4 stations and from landowner's
data, 120 minutes for 1,300.

Opportunity time: The opportunity time is computed for the zero station by taking
the irrigation time, 480 minutes, minus advance time zero, plus recession time
(15 minutes) for a total of 495 minutes. At the 1/4 station it is 470 minutes
(480 - 30 + 20). For the 1/2 station it is 410 minutes (480 - 90 + 20). For the
3/4 station it is 320 minutes (480 - 180 + 20). For the 1,300-foot station it
is 300 minutes (480 - 300 + 120).
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495 + 470 + 410 + 320 + 300 1,995 ,on . .
Average opportunity time: = e = —e— = 399 minutes

Intake family for this irrigation: Using the graph "Family Intake Curves for
Furrow Systems" enter the average opportunity time of 399 minutes and water intake
into soil of 3.34 inches. Read the curve number of 0.35 for this irrigation set.
(Note: Irrigation interpretations for soils show average family to be 0.5.)

Water applied to stations: Using the graph "Family Intake Curves for Furrow
Systems" enter time of opportunity by stations, curve No. 0.35 and read water
intake in inches.

0 station, 495 minutes =3.8 inches
1/4 station, 470 minutes = 3.7 inches
1/2 station, 400 minutes = 3.4 inches
3/4 station, 320 minutes =2.9 inches
1300 station, 300 minutes = 2.8 inches

Average = 3.32 inches

Average should equal intake into furrow soil (3.34 inches).

Water holding capacity of root zone: This is found from irrigation interpreta
tions of soils. This value is 6.0 inches.

Water in root zone before irrigation: The available moisture before irrigation
can be estimated from consumptive use tables. The average consumptive use for
the 3-week period prior to July 15 is 0.15 inches per day. The crop, therefore,
has used (0.15 x 21) = 3.15 inches. The remaining water is 2.85 inches (6.0-
3.15).

Net irrigation required: This is equal to 3.15 inches (6.0 - 2.85).

Water applied in root zone: This is found by selecting the lesser amount of the
water applied versus net irrigation required. For zero station, net irrigation
is 3.15, which is less than amount applied 3.8. The water applied in root zone
is, therefore, 3.15.

For 1/4 station, 3.15 is less than 3.7, use 3.15
For 1/2 station, 3.15 is less than 3.3, use 3.15
For 3/4 station, 2.9 is less than 3.15, use 2.9

For 1300 station, 2.8 is less than 3.5, use 2.8

Average water applied in root zone to furrow:

3.15 + 3.15 + 3.15 + 2.9 + 2.8 .. 15.15 - M . .
e f— =3.03 inches

5

Average water applied in root zone to stations:

For first (1/4) station 3J5 ± 3-15 =3.15 inches

For second (1/4) station 3-15 t 3-15 =3.15 inches
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For third (1/4) station 3J5 + 2'9 = 3.03 inches

For last (1/4) station 2'9 ± 2'8 = 2.85 inches

Water distribution in furrow: This compares total water applied to lowest station
(1,300 feet) to total water applied to greatest station.

This is (2-8)000) . 74«
3 .o

... . (Average applied to low 1/4 area)(100) _ (2.85)(100) _ QAai
Pattern efficiency = v— - —^ . r-jj r-rj s 94*

Average water applied to root zone 3.03

„ ,. J.. ... . (Average water applied to furrow)(100) 3.03 _ OCo/
Application effi :iency =s a ., J " L = o-Eq"85%

^v J Water pumped 3-5°

... . (Water applied to low 1/4 area)(100) _. (2.85)(100) nSystem efficiency =' Water pumped " 3.58 "m

Water use efficiency remains at 80 percent since no tailwater ran off.
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TITLE: TRAINING GUIDE FOR DETERMINING DELIVERY LOSSES

References: Richards, Jack W. 1979. Cost analysis of
irrigation ditch losses. High Plains Underground Water
Conservation District No. 1 report 79-02. Lubbock, Texas

The above reference presents very usable data on the expected economic return
when replacing earth ditches with underground pipelines.

The percolation loss in the ditch was computed as follows:

Gallons per foot per hour =

(intake in./hr)(4-foot width)(l-foot length)(7.48 gal/cu ft)
12 in./ft

To determine the evaporation loss from the irrigation ditch, 29.5699 inches was
used as the total average evaporation for a 2,000-hour irrigation season from
April through August.

The evaporation loss was computed as follows;

Gallons per foot per hour =

(29.5699 in./season)(4-foot width)(1-foot length)(7.48 gal/cu ft)
(12 in./ft)(2,000 hrs/season)

The total loss was obtained from adding the percolation loss to the evaporation
loss.

The total water lost in acre-inches per mile of irrigation ditch per day was
computed as follows:

Acre-inches per mile per day =

(total loss gal)(5,280 ft/mi )(24 hrs/day)
27,157 gal/ac-in.

From the irrigation system plan and the soil map, an estimate can be made of the
number of feet of ditch existing or planned on each soil. From the plan or the
landowner, determine hours or days the ditch is in use. A common figure in the
Lubbock area used for irrigation pumping plants is 2,000 hours per season. The
average pump costs, or from pump evaluations, the cost per acre-foot of water can
be found. The estimated loss can be quickly estimated.

To convert gallons to acre-inches, divide total gallons lost by 27,157. For
acre-feet divide total gallons lost by 325,882.

Location: Itibbor.k Area Developed By; M- Nam ken Checked By: ERL
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sot.

CONSERVATION

SERVre

Procucer

Water pumped 3.58 jn. Water runoff as tailwater
Water lost in delivery system Q-74 in. Water intake into furrow soil 3.34- in.
Water aoplied to furrows

:denti cation no,
10-1 Q - S f\ a £ -

~MG IMSH^IMG - -.XXVzn

'I'll: WORKSHEET FOR FURROW SYSTEM EVALUATION

References

.-1 e i a ut t l c e lecnmclan

3.34- in. Percent tailwater reused

o >/4

0.-3

7~/S-Bo

Oat:

,-- 2

_in.

±-
o in.

Stations

Average slope (%)

Dominant soil

Irrigation time = 4-Bo min.

Advance time (min)

o.z

'/a

0.3

3/4 1,3,00

C3

/o?tm
AmariMo ArrtJ>r>H° &r«*r>"o

/ojrm /o n nn /Car*?

Time of recession (min)

Opportunity time (min) 4£>S 47o

Average opportunity time for furrows = 339 min.

Intake family for this irrigation = Q.3S

/S

Water applied to stations (in.) 3.<6

(o
Water holding capacity of root

zone (in.) (total)

Water in root zone before
irrigation (in.) 2.S5

30

70

3.7

7.%S

3-D

70

4-/0

3.4

7./°S

JQo 306

70 170

320 3 00

73 7.e>

7-^5 2.85-

Net irrigation required (in.) 3./*~ 3j5 3. /. 3.15 3.15

Water applied in root zone
to stations (in.) 3./S 3./5-

Average water applied in root zone to furrow (in.) =

S/S 3./£
Average water applied in root

zone to 1/4 area (in.)

.ocation: Lubbock Area Developed fty M. Namken
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3.£3 in.

3.03 7.25
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laenti-icaticn No. __£

water distribution in rurrcw =
Water aso lied to lew station [^njx IPC

Water acoiied tc .nign station (in.}
2.o

3.S
x 1CO = 74-

t ____. . Average water aocliad to low 1 '- a^ea 'in.' x 100
Pattern ernciency = Average water aoplieo in root zone (in.)

72>5

3.03
100 = 91 »

. ,. .... Averace water aoolied to furrow (in.) x 100
Apoi ication ernciency = = •—

Water pumped (in.

= -Hlx too - ^ %
3.So

s tsn eff1c1ency = Water app1ied t0 1ow 1/4 area LLnJ x 10c
Water pumped

7.Z*
3.5b

x 100 = 3° %

Water use efficiency = (system efficiency) + (percent tailwater reused

BO %+ o %n SO %
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APPENDIX E. Training Gudie for Determining Soil Moisture Needs
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soa.

CONSERVATION

SERVtCc

identification Mo. 2,0-19- jSheet -Lot—I

ENGINEERING - IRRIGATION

TITLE: TRAINING GUIDE- WORKSHEET FOR SOIL WATER NEEDS

3afererences

The worksheet is intended to be versatile when working with landowners on soil-
water needs. It can be used to provide general information or adapted to spec
ific soils, crops, or instruments. In addition, the guide can be used as a
visual aid when discussing the relationship between percent availabl-e water,
percent water (dry weight basis), soil tension, and instrumentation.

When working with irrigators, the guide should not get too detailed or specific
because many variables occur in the field. Such things as consumptive use, water
application intake rates, water holding capacities, and soil and plant tension are
factors that make specific data difficult to use in the field.

The X-coordinate (abscissa) on the worksheet correlates the percent available
water, percent water (dry weight basis), soil tension, and instrumentation. The
inches of water (Y-coordinate or ordinate) reflects the need of the soil and not
what is available.

The center dark vertical line represents a critical moisture or stress level and
will be designated as "visual wilting point." This occurs when the crop shows
visible signs of wilting during the high consumptive use period of the day. The
50 percent available water capacity is used as the level when water needs to be
applied to a soil if optimum crop production is desirable. So long as the water
level stays above 50 percent, the plant grows and fruits. If the water level
falls below 50 percent, the plant stops growing and fruiting and uses the water
just to stay alive. If it is desirable to use a level other than the 50 percent,
a line at the desired level can be drawn in.

The right side of the graph represents the water level at field capacity. This
is reached when the force or pull of gravity has removed the free water from the
soil, usually 24 to 36 hours after an irrigation.

The left side of the graph represents the permanent wilting point. When the
water level reaches this point, a crop will no longer respond to water sufficient
ly to produce fruiting.

GRAPH FOR PERCENT AVAILABLE WATER

The upper graph (percent available water) will probably be the most used portion
of the worksheet since it can be used with the feel and appearance method of
determining soil water levels. If the percent available water is the only
concern of the irrigator, then the remaining three graphs do not need to be
completed.

Location: Lubbock Area Developed By: M- Namken Checked 3y: ERL

- 113-



Identification No. 210-19- ISheet J- ofJl

To develop the graph, the available moisture for the soil must be determined from
irrigation interpretations or an irrigation guide. When tailoring to a specific
area, the site should be sampled to verify the soil map and interpretations of
the soil. If discrepancies are found, the data should be corrected or adjusted
before entering it on the worksheet.

Once the total water holding capacity for the soil profile is determined, locate
the value on the left side of the graph (permanent wilting point). Draw a
straight line from this point to the lower right hand corner of the graph
(field capacity) where no (zero) water needs to be replaced.

Usually only one rooting depth for a crop would be shown. If, however, the guide
is developed for several crops, the individual diagonal lines would need to be
labeled indicating the different depths.

When using the graph, the percent available water will be found in the field.
The percent is then entered on the X-coordinate (abscissa) of the graph, move
vertically up to the diagonal line and read inches to be replaced in the soil
profile on the left (Y-coordinate or ordinate) scale.

GRAPH FOR PERCENT WATER (DRY WEIGHT BASIS)

The graph for percent water (dry weight basis) is very similar to the percent
available water graph and is used in the same manner. However, it does differ
in two ways. The inches of water to be replaced is for only one foot of soil and
not the profile. The percent water includes total water and not just available
water.

To develop the graph, the inches of water to be replaced per foot of soil must
be determined. This value is obtained by dividing the inches of water to be
replaced in the soil profile by the moisture replacement depth.

Locate this value on the left side of the graph (permanent wilting point). Draw
a straight line from this point to the lower right hand corner of the graph
(field capacity) where no (zero) water needs to be replaced.

The scale for the X-coordinate (abscissa) or percent water must be adjusted to
correspond with the percent available water scale. The scale will increase from
left to right. As an example, a clay loam soil has 27 percent water at field
capacity and 13 percent at the permanent wilting point (see graph No. 4). Record
the 13 percent on the left side of the graph and record 27 percent on the right
side. Divide the scale accordingly using 20 percent on the center dark vertical
line.

To use the graph, a soil sample is taken and weighed wet, dried, and weighed
again (usually in grams). The percent moisture (dry weight basis) is defined as:

(wet weight-dry weight)(100)
dry weight
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Identification No. 210-19- * 12Sheet —2_ o::

Enter this percent value on the X-coordinate (abscissa) of the graph, move verti
cally up to the diagonal line and read inches needed per foot of soil on the left
(Y-coordinate or ordinate) scale.

As an alternative, enter the percent value on the abscissa, move vertically up
to the diagonal on "Percent Available Water" graph, and read the inches of water
needed in the profile on the ordinate scale.

SOIL TENSION SCALE

The soil tension scale is developed from charts, graphs, or interpretations. The
scale will be variable by textures and must correlate to percent available water
and percent water (dry weight basis) graphs. The scale will decrease from left to
right.

INSTRUMENT READING SCALE

The instrument scale is also a variable scale and must correlate to the scales on
the percent available water and percent water (dry weight basis) graphs. Generally,
the manufacturer will provide instructions that relate the instrument readings to
percent available water or soil tension.

The tensiometer scale will decrease from left to right. The gypsum block scale will
increase from left to right.
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Identification No. 210-19- Sheet liLof_±L

EXAMPLE - WORKSHEET FOR SOIL WATER NEEDS

You are providing irrigation water management assistance to a producer who is
using a graded furrow system to irrigate cotton on an Amarillo loam soil. Accord
ing to the irrigation guide, the net moisture to be replaced is 4.0 inches.

Using the "Percent Available Water" graph on the worksheet, enter the value 4.0
on the Y-coordinate (ordinate). Enter the value 100 on the X-coordinate (abscissa)
since at field capacity, no water needs to be replaced. Draw a straight line
between the two values (points). Using the "feel method," the percent available
water is estimated to be 65%. Enter the 65% on the abscissa, go vertically to the
diagonal line, and then left to read 1.4 inches of water needed to be replaced in
the soil profile.

The irrigation guide indicates that the moisture replacement depth for cotton is
4.0 feet. Therefore, the inches of water to be replaced per foot of soil is
1.0 inch (4.0 t 4.0). Enter the 1.0 value on the ordinate of the "Percent Water
(Dry Weight Basis)" graph. Using graph No. 3, the percent water (dry weight basis'
for a loam soil ranges from 10 - 22 percent. Therefore, the scale of the abscissa
will start at 10 and end at 22. Enter the 22 value on the abscissa and then draw

a straight line between the two values (points).

A soil sample is obtained and weighed:

Wet weight: 91.8 grams
Dry weight: 77.9 grams

Percent water (dry weight basis) =

Percent water (dry weight basis) =

(wet weight - dry weight)(100
(dry weight)

(91.8 - 77.9)(100)
77.9

Percent water (dry weight basis) = 17.8%

Enter the 17.8% on the abscissa of the "Percent Water (Dry Weight Basis)" graph,
go vertically to the diagonal line, and then left to read 0.35 inch of water to
be replaced per foot of soil. As an alternative, enter the 17.8% on the abscissa
and go vertically to the diagonal line on the "Percent Available Water" graph,
and then left to read 1.4 inches of water to be replaced in the soil profile, A
field determination shows that the bulk density of the soil is 1.44 grams/cur;
therefore, the correct graph (No. 3) was used.

To establish the "Soil Tension" scale, use graph No. 3 again. At 60% available
water, the soil tension is 1.0 bar. At 80% available water, it is 0.53 bar.
Move vertically downward on the 60% available water line (upper graph) amd mark
the soil tension scale as 1.0. Move vertically downward on the 80% available
water line and mark the soil tension scale as 0.53. Project the line vertically
downward from 65% available moisture, through the 17.8% water (dry weight basis),
to the soil tension scale. This value would be 0.85 bar.

Tensiometer readings correlate to the soil tension. A reading of zero corresponds
to 1/3 bar and 100 corresponds to 1.0 bar. Projecting a vertical line down from
the 65% available moisture, through the 17.8% water (dry weight basis), through the
0.85 bar soil tension, to the instrument reading scale, establish the tensiometer's
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value of 100 directly below the 1.0 bar soil tension,
ingly. The reading would be 85.

Sheet XL of22.

Divide the scale accord-

Gypsum block readings correlate to the percent available water. A reading of
zero corresponds to permanent wilting point and IOC corresponds to field capacity
Establish the scale from zero to 100 and the reading would be 65.

•

•
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ABSTRACT

Irrigation plays a major role in the economic viability of the highly

productive Texas High Plains. It has stabilized crop production at a high

level, thereby, adding to farm income. Also, it has helped to eliminate the

boom-bust cycle of the area during the dryland era.

The rising fuel costs today are causing great concern among the irriga

tion farmers. The fuel bills for pumping irrigation water are a major part of

the farming budget. The agencies involved in providing pumping plant effi

ciency tests are trying to demonstrate to farmers how efficiency affects fuel

use.

The Texas Agriculture Extension Service, U.S. Department of Agriculture -

Soil Conservation Service, High Plains Underground Water Conservation District

No. 1, Bailey County Electric CooDerative Association, Deaf Smith County

Electric Cooperative Incorporated, Lighthouse Electric Cooperative Incor

porated, and Swisher County Electric Cooperative Incorporated have joined

together in publishing the results of their efficiency tests. A broader

understanding of the efficiencies reported can be gained by looking at the

total number of pumping plants tested across the entire area.

Efficiency test results are included for the years 1978 through 1981.

Some agencies did not test during this entire period, while others had begun

testing prior to this period. Texas Agriculture Extension Service reports

data from 1975 when they first began testing.

Fuel prices used to report all efficiency tests in this publication were

6 cents per kilowatt-hour for electricity and $3.00 per thousand cubic feet of

natural gas. Diesel fuel is priced at $1.15 per qallon. This allows direct

comparison of pumping plant efficiency from one area to another.

Ill



In 832 electric powered pumping plants tests, the average overall effi

ciency was 40.6 percent. The average cost per acre-foot of water was $41.44,

with a $3.45 average cost per acre-inch. The average cost per acre-foot per

foot of lift was $0.19.

The natural gas powered pumping plants average overall efficiency was

11.3 percent. A total of 442 natural gas powered plants were tested. In 334

tests, the pump and motor efficiencies were separated. The average pump effi

ciency was 56.1 percent. The average efficiency of the natural gas powered

engine was 20.1 percent.

Only one aqency evaluated diesel powered Dumping plants. The average

overall efficiency was 20 percent. The average engine efficiency was 31 per

cent, with an average pump efficiency of 67 percent for the 26 units tested.

While, as a group, the diesel powered pumping plants were approaching the

desired level of efficiency, some individual pumping plants in each group did

reach the desired level of efficiency. This means that any pumping plant can

be designed to produce at peak efficiency. Also, it shows that there is room

for improvement.

IV
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INTRODUCTION

In the late 1960's, Texas Tech University conducted an irrigation pumping

plant efficiency testinq project. Results showed that the average overall

efficiencies for electric and natural gas powered pumping plants were 48.6

percent and 10.8 percent, respectively.

Fuel costs then were not a major concern of farmers as they are today.

Therefore, efforts to improve the pumping plant efficiency were not under

taken. Today, however, times have changed and fuel prices have a tremendous

impact on the irrigation farmers' budgets.

The electric rate in the late 1960's was approximately 1.5$ per kilowatt-

hour (kwh). Today the electric cooperative's rates are being renegotiated

with the wholesale power supplier and will probably average around 8$ per kwh.

The increase in the price of electricity has come about because of the

increase in demand, requiring more generation power, and the rising cost of

fuels, labor, and inflation. The cost of natural gas has risen from about 35$

per thousand cubic feet (MCF) in the late 1960's to more than $4.50 per MCF in

some areas of the Texas High Plains.

Currently over 70,000 wells exist in the High Plains of Texas. Many are

inefficient due to changes in pumping conditions. The pumping level has

declined over the years causing the pumps to lift water from greater depths.

This condition results in higher energy use due to more work required by the

pump. Pumpinq plant efficiency testing programs conducted on the Texas High

Plains are designed to provide more exact information to the farmer. This

information, when put in practice, can save thousands of dollars by improving

efficiencies and preventing potential problems.



Collection of Data

Methods used to test the efficiency of irrigation pumping plants varied

sliahtly among the agencies. However, they were similar enough to ignore any

minor differences. There are certain basic measurements that have to be made

to perform an efficiency test. The following measurements are required for

diesel, natural gas, and electric powered pumping plants except for the fifth

measurement which is required only for natural gas and diesel powered pumping

plants:

1. Discharge rate in gallons per minute.

2. Pumping lift in feet

3. Pump discharge pressure in feet

4. Pipe line friction loss in feet

5. Brake horsepower (natural gas and diesel only)

6. Input energy per unit of time used by the power unit.

1. Discharge Rate. Since pump installations vary widely, many different

devices were used by the agencies to measure the production of the pump.

Usually, on an open discharge system, the propeller flowmeter was connected to

measure the flow. The same was normally used on an underground pipe system.

On systems that are connected to sprinklers, a velocity gage was installed in

place of the first sprinkler head on the main line, otherwise a flowmeter was

placed in the line. Also, a manometer and pitot tube was sometimes used on

this type of system by the High Plains Underground Water Conservation District

No. 1. The manometer measures the difference in velocity between the leading

and trailing orifices of the pitot tube which is inserted by drilling and tap

ping two holes into the system, running the tube through the pipe, and then

connecting the pitot tube to the manometer by means of two rubber hoses.



By knowing the difference in velocities of the pitot tube and the size of the

pipe, a chart was used to calculate the discharge rate.

2. Pumpinq Lift. The pumping lift was obtained for each well tested by

means of an electric water level measuring device (E-line). To obtain the

pumping lift the E-line was lowered into the well casing through an airline

hole. In some wells, a hole was created by chipping off portions of concrete

next to the pumpbase and cutting into the casing with an acetylene torch. The

E-line was lowered into the well until it indicated that the pumping level had

been reached.

3. Discharge Pressure. Discharge pressure is an important measurement,

especially on sprinkler systems and where a squeeze valve is used to prevent

the pump from pumping off. This measurement is made at the well location.

Discharge pressure was obtained by attaching a pressure gage to a three-

quarter inch faucet fitting and screwing the gage onto the faucets which are

on the discharge pipes of most of the wells in the area. On those wells which

did not have faucet fittings, a three-eighth inch hole was drilled and tapped,

and the pressure gage was screwed directly into the discharge pipe. The

discharge pressure was then converted to feet by multiplying by 2.31.

4. Friction Loss Estimation. Friction loss was calculated on all closed

systems by estimating the length and size of the tile line or flow line

between the discharge and the device being used to measure the discharge rate.

A friction chart was consulted to calculate the head loss. Many times this

was estimated or ignored, especially on an ODen discharge system where it was

felt to be insignificant. This friction loss was added to the discharge pres

sure and pumping lift to obtain the total dynamic head. The total dynamic head

is a necessary component in calculating water horsepower which is the power

output required at the pump to Drovide the given discharge rate.



5. Brake Horsepower (BHP). Brake horsepower was measured for natural

gas and diesel powered pumping plants using a torque cell. Electric motor

efficiencies were used to calculate electric horsepower. This is accomplished

from electric power measurements taken from the existing electric meter.

In measuring brake horsepower of natural gas or diesel powered installa

tions, a torque-sensing device was attached in place of the regular drive

shaft (between the internal combustion engine and the gearhead) to measure the

actual horsepower delivered by the engine.

6. Input Energy. The amount of energy used by the power unit was mea

sured for all pumping plants by reading the watt-hour meter for electric

plants and the fuel flowmeter for natural gas plants. For electric powered

plants, the watt-hour meter was read by counting the number of revolutions of

the revolving disc per unit of time. The only other information required for

the electric input horsepower (IHP) was the Kh factor, also taken from the

watt-hour meter. The formula is IHP = 4.8 x Kh factor x disc revolutions *

time in seconds.

For natural gas plants, the natural gas meter was read by counting the

time in seconds in which a fixed amount of gas was consumed by the engine.

The fixed amount of gas, usually 100 cubic feet, was then divided by the cor

responding time. The Texas Agriculture Extension Service used their own test

meter by connecting it into the gas line at the engine.

The amount of energy consumed was also calculated for the purpose of

determining the pumping cost. On electric powered plants, a formula similar

to the input horsepower formula was used to calculate kilowatt-hours, which is

the unit of measure used by power companies for billing customers. For natu

ral gas plants, the cubic feet per hour was multiplioed by 1,000, the results

being the unit of measure (MCF) used for billing natural gas customers.



The Texas Agriculture Extension Service was the only agency to test

diesel units. The method for measuring fuel use was to set up a gage to

determine consumption for a given amount of time. The amount of fuel in

gallons per hour could then be calculated. Finally, the input horsepower was

calculated and used in finding the engine efficiency and the overall effi

ciency.

"Standard for Attainable Efficiencies" (Table 1) shows the efficiency

that pumping plant components can achieve when they are properly selected. It

also allows a comparison with an actual test result to find how much improve

ment is possible. The dollars saved in energy cost can then be calculated

based on an improved efficiency.

TABLE 1

Standard for Attainable Efficiencies

Type Attainable Efficiency Percentage

Submersible Pumps 67

Vertical Turbine Pumps 75 - 82

Right Angle Pump Drive (gearhead) 95

Automotive Engines 20 - 26

Industrial Engines
Diesel 25-37
Natural Gas 24 - 35

Electric Motors 85 - 92



Recommendations for Improving Pump Efficiencies

The average overall efficiency of pumping plants today are similar to the

1960's. However, there are ways to improve the efficiency of pumping plants,

and efforts are being made to inform irrigation farmers about the options

available for changing poor efficiencies that result in high energy bills.

There are many pump plant installations where minor adjustments can make

a contribution in energy savings. However, most installations will require a

substantial capital expenditure in order to make a major improvement in energy

savings. In making various adjustments to save energy, one must be able to

evaluate the system after the adjustments to determine whether or not the

desired results are achieved. The adjustments could have an adverse effect on

the system rather than a beneficial effect.

The reduction of the gearhead speed can make a difference in the amount

of fuel consumed. Usually when the gearhead speed is lowered, fuel consump

tion is reduced. However, the output work is also reduced. The efficiency

may go up, down, or stay the same. Sometimes, even though the output work is

reduced, the efficiency may increase and the fuel consumption decrease, which

could be an energy savings.

Another reason some Dumps are not as efficient as they should be is

improper selection of the pump. Many times pump selection is based on the

best guesses of the pump dealer and the farmer. Some rely only on past exper

iences to determine the total head the pump will operate against. Also, an

incorrect estimate of the well yield could result in the installation of an

inefficient pump.

Pump efficiency and fuel consumption can also be affected by adjustment

of the pump impellers, provided they are open-type impellers. This adjustment

will either increase or decrease the amount of water being pumped; however,



an adjustment could be made to increase the efficiency and reduce the fuel

being consumed.

Many irrigators have changed the method of distributing water on their

farms by installing sprinkler systems to replace the furrow method of applying

water. This causes a greater head due to the hiqh pressure required by the

sprinklers, and in many instances, this changes efficiency of the pump.

As a result , many irrigators have lowered their pump efficiencies by changing

the method of irrigation.

A choke valve installed in the discharge pipe is a fairly common occur

rence, especially on smaller capacity pumps. The purpose is to reduce the

volume of water being pumped. This is necessary if the pump is pumping air

with the water (breaking suction), but the practice adds additional pressure

(lift) to the pump. Sometimes a pump can use a choke valve and still have a

good efficiency. However, since it has the added pressure, it is using more

fuel and pulling more horsepower than is be necessary.

Many times, pumps are worn to the point where they are no longer picking

up the amount of water they were designed to lift. To improve their effi

ciency it is necessary to repair or replace the bowls.

Internal combustion engines are often overlooked as having energy savings

potential. Many times minor tune-ups can increase the fuel efficiency of an

engine. Other adjustments in timing or carburetion can improve the operation

of an engine.

The pump in an irrigation well is normally where the greatest potential

for energy savings is possible. It also requires the greatest capital expen

diture to achieve its full potential in efficiency. Therefore, a detailed

evaluation of the present efficiency of a pump is necessary. A management



decision can then be formed and acted upon based on the facts from the evalua

tion.

Irrigation pumping plant efficiency test results identify where improve

ments can be made. The total fuel cost to operate a pump that is 35 percent

efficient with 3$/kwh electricity is the same as that needed for a pump at 70

percent efficiency with 6<J7kwh electricity costs. The cost comparison is

similar with natural gas. Improving the pump efficiency will in many

instances pay for the repairs in a short period of time and provide savings

for several years.

One way to evaluate the pumping plant's efficiency is for the irrigator

to measure his pumping lift, then take his hourly pumping cost and insert the

figures into the accompanying charts (Tables 19 and 20). Suppose he had a

pumping lift of 250 feet and the hour cost for natural gas is $2.05. Find 250

on the left side of the chart (Table 19) then go across to the figure nearest

to $2.05. We find $2.01 on the chart and follow that column to the top to

find the approximate pump efficiency of 50 percent. The purpose of the charts

is to give a quick general reference for finding pumD efficiencies which, in

turn, may indicate possible problems. If a possible problem is indicated,

then a complete efficiency test should be conducted on the pumping plant.

Any irrigator who is not sure that his pumping plant efficiency is satis

factory should inquire at the local office of the Soil Conservation Service,

Agriculture Extension Service, water conservation district, or electric coop

erative for information on evaluating the pumping plant.
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ELECTRICAL MOTOR POWERED UNITS

The Texas Agricultural Extension Service has reported the results of

their testing program on 93 electrically powered pumping plants (Table 2).

The overall efficiency was found to be 49.3 percent. This is the average of

all electric motor types and the different irriqation methods.

The electric pumping plants were separated into the type of motor and

different irrigation methods (Table 2). Using a vertical hollowshaft motor

and applying water through a center-pivot, the average overall efficiency of

the pumping plant was 63.8 percent. Using the furrow irrigation method and

the vertical hollowshaft, belt drive, and submersible type motors, the overall

efficiency was 50.8, 28.1, and 40.9 percent, respectively. While the furrow

group had a lower overall efficiency than the center-pivot group, there were

installations of both high and low efficiency. This points to the fact that

either group can achieve a very good efficiency.

The average cost associated with all the electric pumping plants was

$37.68 per acre-foot or $3.14 per acre-inch. The hourly cost of operation was

$2.71. The cost per acre-foot per 100 foot of head was $14.64 or $0.15 per

acre-foot per foot of head.

12
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NATURAL GAS ENGINE UNITS

The average overall efficiency of 242 natural gas powered units (Table 3)

was 12.2 percent. The standard used for an overall efficiency on a natural

gas pumping plant is 17 percent (Table 1). The average pump efficiency was

found to be 60 percent and the average engine efficiency was 20 percent. On

turbine pumps the standard used is 75 percent efficiency. An automotive type

irrigation engine efficiency of 23 percent is considered to be very good,

while on the industrial type irrigation engine, the efficiency should be 26

percent or above to be operating at its peak. Engine efficiencies varied from

16 percent from the group used on side-roll systems to 20 percent for engines

used on center-pivot and furrow irrigation systems (Table 3).

The average pumping plant used 1100 cubic feet of natural gas per hour.

The pumping plants used for furrow irrigation consumed 1023 cubic feet per

hour. On the center-pivot systems, fuel use increased to 1322 cubic feet of

gas per hour.

On the average.,pumping an acre-foot of water cost $39.84 or $3.32 per

acre-inch for fuel. This is for all the irrigation methods. On an hourly

basis the cost was $1.49. The cost per acre-foot per 100 foot of head was

$10.50 or $0.11 per acre-foot per foot of head.
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Leon New and Juston McBride, Deaf Smith County Agent,
install a torquemeter while Charles Schlabs looks on.

Leon New measures the fuel consumption while Juston McBride

and Charles Schlabs observes.
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DIESEL POWERED UNITS

On diesel powered pumping plants, the average overall efficiency of 26

tests was found to he 20 percent (Table 4). This is very good since the stan

dard overall efficiency is 20.1 percent. Pump efficiency of the diesel tests

averaged 67 percent, which is fairly close to the 75 percent standard. When

comparing the engine efficiency, the average tested to be 31 percent (Table 4'

which is hiaher than the standard of 28 percent.

In looking at the pumping cost using diesel, the average hourly cost of

$7.25 is very high compared to natural gas or electricity. The cost per acre-

foot was $58.56 or $4.88 per acre-inch. Calculating the cost per acre-foot

per 100 foot of head shows how the pumping plants compare. The cost per acre-

foot per 100 foot of head was $15.36 or $0.15 per acre-foot per foot of head

which is competitive with electricity, but higher than natural gas. Diesel

has a higher hourly and acre-foot cost because of the higher production capa

city and the greater total head (lift + Psi) than the electrical or natural

gas units tested.
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Leon New metering a well with a flow meter,

New checking the fuel consumption on a diesel
engine during an efficiency test.
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UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

IRRIGATION PUMPING PLANT TESTING PROGRAM

-46-



2-AMARILLO

' ' '•'• - EWtn kam luu. ISSF

i j T r, ;uj ,.,. ,w fea il-K. i

rt"r"l
UJUJ IIIU,

1-PAMPA

Figure 2. Three SCS Administrative Areas Participating In The
Irrigation Pumping Plant Efficiency Testing Program
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TABLE 5

SCS AREAS AND SOIL AND WATER CONSERVATION DISTRICTS AREAS INVOLVED IN

PUMPING PLANT TESTING PROGRAM

SCS Administrative Area Soil & Water Conservation District

No. Area Office County Zone No. Name

1 Pampa Collingsworth 1 133 Salt Fork

Donley 1 127 Donley County
Gray 1 125 Gray County
Hall 1 109 Hall-Childress

Hansford 1 148 Hansford

Hemphill 1 138 Hemphill County
Hutchinson 1 146 Hutchinson

Lipscomb 1 134 Lipscomb
Ochiltree 1 142 Ochiltree

Roberts 1 145 Roberts

Sherman 1 159 Sherman County
Wheeler 1 141 Wheeler County

2 Amarillo Armstrong 1 155 Staked Plains

Briscoe 1 126 Cap Rock
Carson 1 156 McClellan Creek

Castro 1 136 Running Water
Deaf Smith 1 143 Tierra Blanca

Dallam 1 131 Dallam

Hartley 1 152 Hartley
Moore 1 137 Moore County
Oldham 1 153 Oldham County
Parmer 1 140 Parmer

Potter 1 160 Canadian River

Randall 1 147 Palo Duro

Swisher 1 110 Tule Creek

7 Lubbock Bailey 1 111 Blackwater Valley
Cochran 1 149 Cochran

Crosby 1 107 Rio Blanco

Dickens 1 157 Duck Creek

Floyd 1 104 Floyd County
Garza 1 158 Garza

Hale 1 132 Hale County
Hockley 1 129 Hockley County
Lamb 1 130 Lamb County
Lubbock 1 108 Lubbock County
Motley 1 164 Upper Pease
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ELECTRIC POWERED UNITS

The Soil Conservation Service calculated that the average overall effi

ciency for pumping plants tested in the Lubbock, Amarillo, and Pampa areas was

42.64 percent (Table 6). This was based on 123 tests of electric powered

pumping plants. The three Soil Conservation Service administrative areas

involved in the program have a wide range of diverse conditions under which

the tests occurred. Pumping lifts ranged from less than 100 feet to condi

tions over 500 feet. Most other agencies didn't have conditions this diverse,

except for the Texas Agriculture Extension Service.

Using the assumed motor efficiencies for the electric motors, the average

pump efficiency was determined to be 49.2 percent. When considering that the

standard is 75 percent, this shows the need for improvements. The average

cost to pump an acre-foot of water with the pumps tested by the Soil Conserva

tion Service was $37.78. The acre-inch cost was $3.15. The cost per acre-

foot per foot of lift was $0.18 and the average hourly power consumption was

35.7 kwh. This is $2.14 per hour to operate the average pumping plant.
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NATURAL GAS UNITS

The average overall efficiency of 108 natural gas pumping plants tested

by the Soil Conservation Service was 10.76 percent (Table 7). The standard

used for a natural gas overall efficiency is 17 percent. Therefore, the pump

ing plants tested by the Soil Conservation Service averaged about two-thirds

as efficient as they could be.

The pumping lifts and volumes were greater than the electric units. The

cost per acre-foot for the average natural gas unit was $36.53 which was $1.25

less than the electric units tested. However, more important was the cost per

acre-foot per foot of lift. The gas plant was $0.12 as compared to the elec

tric' s $0.18. This indicates that the gas units tested were more efficient

than the electric units tested, or that the price of $3.00 MCF for gas is a

better fuel buy than $0.06 kwh for electricity.

Traditionally, the natural gas powered pumping plants are in the areas

where the aquifer yields are greater and where the lifts are also greater.

56



Soil Conservation Service employee checking
the gearhead speed (RPM).

A well sounder (E-line) is used to measure the
depth to water while the well is pumping.
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HIGH PLAINS UNDERGROUND WATER

CONSERVATION DISTRICT NO. 1

IRRIGATION PUMPING PLANT TESTING PROGRAM
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r—txsspe,

Figure 3. High Plains Underground Water Conservation District No. 1
Service Area
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ELECTRIC POWERED UNITS

The High Plains Underground Water Conservation District No. 1 tested 168

electric powered pumping plants (Table 8). The District found an average

overall efficiency of 35.29 percent. The pump efficiency was computed at

40.94 percent using the assumed motor efficiencies.

The average cost per acre-foot was $35.89 and $2.99 per acre-inch. The

cost per acre-foot per foot of lift was $0.20. The plants averaged costing

$1.26 per hour to operate.

Observing the average lift and GPM (Table 8), most electric pumps tested

were in the small yielding and shallow lift areas of the aquifer. Other evi

dence of this is the required horsepower to do the work even with the low

efficiency. The average lift was 185 feet with an average production of 212

gallons per minute.

Table 9 gives the number of pumps tested and the percent that fell in the

various efficiency ranges. Only 19 pumps, or 11.3 percent, were in the 60

percent or better pump efficiency range and 37 pumps, or about 31 percent,

were below the 30 percent pump efficiency range. The majority had between 30

and 60 percent pump efficiency, all of which points up the need for improve

ments.
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A Watt-hour Meter at an irrigation well meters
the kilowatts being consumed.

The pressure is being checked to find the additional
work required by the punp above the pump lift.
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TABLE 9

Summary of Pump Efficiencies of Electric Wells

Pumps Performance Level Rating

One (1) tested less than 10 percent efficient

11 or 15.27 percent ranged between 10 and 20 percent

25 or 14.88 percent ranged between 20 and 30 percent

47 or 27.98 percent ranged between 30 and 40 percent

37 or 22.02 percent ranged between 40 and 50 percent

28 or 16.67 percent ranged between 50 and 60 percent

17 or 10.12 percent ranged between 60 and 70 percent

Two (2) tested over 70 percent
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NATURAL GAS UNITS

The High Plains Underground Water Conservation District No. 1 report on

natural gas pumping plants (Table 10) reveal the average overall efficiency at

9.44 percent, and shows the engine efficiency at 20.47 percent and the pump

efficiency at 45.79 percent (Table 10).

An averaqe cost of water pumped was $30.29 per acre-foot and $2.52 per

acre-inch. The cost for an acre-foot of water pumped per foot of lift was

$0.14. It takes $2.28 per hour to operate these pumping plants.

The natural gas units tested by the District had an average pumping lift

of 226 feet and produced 515 GPM. These pumping plants have greater lifts and

production than the electric powered plants tested by the District. This

follows the same pattern as those tested by the Soil Conservation Service and

the Texas Agriculture Extension Service.

Only 16 units, or less than 18 percent of those tested, were above 60

percent pump efficiency. The majority fell between the 40 and 60 percent

efficiency range with 49 tests, or 53 percent in this range (Table 11).
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Dan Seale is checking the efficiency

of a pumping plant.

The torquemeter is in the drive shaft between
the engine and gearhead. It measures the brake
horsepower.
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TABLE 11

Summary of Pump Efficiencies of Natural Gas Wells

Pumps

One (1)

3 or 3.26 percent

14 or 15.22 percent

9 or 9.78 percent

26 or 28.26 percent

23 or 25.00 percent

13 or 14.13 percent

3 or 3.26 percent

Performance Level Rating

tested less than 10 percent efficie

ranged between 10 and 20 percent

ranged between 20 and 30 percent

ranged between 30 and 40 percent

ranged between 40 and 50 percent

ranged between 50 and 60 percent

ranged between 60 and 70 percent

ranged between 70 and 80 percent
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The Cox Velocity Gage is inserted in the first nozzle
opening to meter water on a center pivot sprinkler.

Ken Carver is metering water with a flow meter,
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THE ELECTRIC COOPERATIVE'S IRRIGATION

PUMPING PLANT TESTING PROGRAM
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Coohran County

Morton&L

L e v e 11 a n d

Figure 4. Service Area Of Bailey County Electric

Cooperative Assn. Texas 62 Bailey
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BAILEY COUNTY ELECTRIC COOPERATIVE

The Bailey County Electric Cooperative Association reports the average

overall efficiency of pumping plants tested in their service area was 43.2

percent (Table 12). The tests were performed on requests from the owners or

operators.

The average cost for pumping an acre-foot of water was $31.35 and $2.61

per acre-inch. The average cost of lifting an acre-foot of water 100 feet was

$17.08 (Table 12), or $0.17 to lift an acre-foot one foot.

The average fuel consumption was 76,059 kwh for the season or 38 kwh per

hour, resulting in a cost per hour of $2.28. The fuel consumption is deter

mined by the efficiency of the pumping plant and the efficiency is determined

by the total head or lift, the production of the plant itself, and the amount

of energy the pumping plant uses to do this work.

Four, or 6.2 percent of the Dumping plants, had an overall efficiency

below 20 percent. Seven, or 10.8 percent of the tests, had an overall effi

ciency between 20-29 percent and 7, or 10.8 percent, were above 60 percent.

Fifteen, or 23.1 percent of the tests, had an overall efficiency between 30

and 39 percent. Eighteen, or 27.7 percent, fell between 40-49 percent effi

cient. Fourteen, or 21.5 percent, were between 50-59 percent efficient.
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Figure 5. Service Area Of Deaf Smith

County Electric Cooperative Inc.

Dimmitt
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DEAF SMITH COUNTY ELECTRIC COOPERATIVE

The Deaf Smith County Electric Cooperative Incorporated reports the over

all efficiency of the pumping plants in their service area was 39.3 percent

(Table 13). The results were derived from testing 233 electric powered pump

ing plants.

The averaqe cost to pump an acre-foot of water was $51.15 and $4.26 per

acre-inch. The cost per acre-foot per 100 foot of lift was $19.57, or $0.20

per acre-foot per foot of head. The cost oer hour was $1.44 based on an aver

age consumption of 24 kwh per hour.

The average horsepower demand was 32.1 for the units tested. This was

required to produce an average of 193 gallons per minute with 269.6 feet of

lift.

Sixty-two, or 26.6 percent, of the pumping plants' fell below 30 percent

overall efficiency (Table 14). There were 55, or 23.6 percent, of the pumping

plants in the upper efficiency range of above 50 percent. The other 48.8

percent were between 30 and 50 percent overall efficiency.
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TABLE 14

Deaf Smith Electric Cooperative, Inc.
Summary of Overall Efficiency Ranges

Pumping Plants Tested

24 or 10.3 percent

38 or 16.3 percent

57 or 24.5 percent

59 or 25.3 percent

44 or 18.9 percent

11 or 4.7 percent

-94-

Efficiency Range

Below 20 percent

20-29 percent

30-39 percent

40-49 percent

50-59 percent

Above 60 percent



Figure 6. Service Area Of Lighthouse Electric Cooperative, Inc
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LIGHTHOUSE ELECTRIC COOPERATIVE

The Lighthouse Electric Cooperative found the average overall efficiency

in their service area to be 38.9 percent (Table 15). The efficiencies were

based upon testing 127 pumping plants. The cost per acre-foot was $53.01 with

the cost per acre-inch being $4.42. The average cost per acre-foot per foot

of lift was $0.20. While the cost per acre-foot is higher than normal, the

cost per acre-foot per foot of lift is lower than some.

The lifts averaged 272.6 feet and are greater than other areas. The

pumping plants averaged 155 qallons per minute. This is less than that found

in other areas because the wells tested are smaller capacity. This does not

necessarily affect the efficiency. However, smaller electric motors generally

are not quite as efficient as larger motors. Also, submersible motors are

usually not as efficient as other electric motors.

Lighthouse Electric had 13 pumping plants, or 10.2 percent, that tested

above 60 percent overall efficiency (Table 16). The majority of the pumping

plants tested had an overall efficiency between 30 and 49 percent. A total of

68, or 53.6 percent of the tested units, were in this range.
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TABLE 16

Lighthouse Electric Cooperative, Inc.
Summary of Overall Efficiency Ranges

Pumping Plants Tested Efficiency Range

16 or 12.6 Percent Below 20 percent

14 or 11.0 Percent 20 - 29 percent

42 or 33.1 Percent 30 - 39 percent

26 or 20.5 Percent 40 - 49 percent

16 or 12.6 Percent 50 - 59 percent

13 or 10.2 Percent Above 60 percent
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SWISHER COUNTY ELECTRIC COOPERATIVE

The average overall efficiency for wells tested by the Swisher Electric

Cooperative was 35.6 percent (Table 17). The lowest overall efficiency was 13

percent compared to the highest efficiency of 69 percent. The 13 percent

efficiency was a well producing only 35 GPM. For wells producing below 100

GPM, the average overall efficiency was 21.5 percent. This is very low and

would seem to be uneconomical to pump. Wells producing more than a 100 GPM

had an overall efficiency of 48.6 percent.

The average cost to pump an acre-foot of water was $43.22. The average

cost for wells pumping less than 100 GPM was $57.24 per acre-foot and for

wells pumping more than 100 GPM the average was $30.37 per acre-foot. The

less than 100 GPM capacity pumps had a cost per acre-foot per foot of lift of

$0.30 compared to the average of $0.22. The greater than 100 GPM capacity

pumps had a cost of $0.15 per acre-foot per foot of lift.

Both Well Number 1 and Well Number 7 (Table 17) had a pumping cost of

$40.00 an acre-foot of water. Well Number 1 has an overall efficiency of 52

percent while Well Number 7 has 31 percent overall efficiency. We find that

Well Number 1 has a lift of 341 feet while Well Number 7 has a lift of only

192 feet. Therefore, when the cost per acre-foot per foot of lift is com

pared, Well Number 1 costs $0.12 and Well Number 7 costs $0.21. Now the real

effect of pumping plant efficiency can be visualized. Swisher Electric

reported that only one pumping plant, or 4.4 percent, tested above 60 percent

overall efficiency (Table 18).
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TABLE 18

Swisher Electric Cooperative, Inc.
Summary of Overall Efficiency Ranges

Pumping Plants Tested

4 or 17.4 Percent

6 or 26.1 Percent

3 or 13.0 Percent

5 or 21.7 Percent

4 or 17.4 Percent

1 or 4.4 Percent
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Efficiency Range

Below 20 Percent

20 - 29 Percent

30-39 Percent

40 - 49 Percent

50 - 59 Percent

Above 60 Percent



TABLE 19

Natural Gas Units

Hourly Pumping Cost Pumping 500 Gallons Per Minute
At Different Lifts & Pump Efficiencies

Efficiency .

Lift

(Feet) 10% 20% 30% 40% 50% 60% 70% 80%

100 $ 4.02 $2.01 $1.34 $1.00 $0.80 $0.67 $0.57 $0.50

150 6.02 3.01 2.01 1.51 1.20 1.00 0.86 0.75

200 8.03 4.02 2.68 2.01 1.61 1.34 1.15 1.00

250 10.04 5.02 3.35 2.51 2.01 1.67 1.43 1.26

300 12.05 6.03 4.02 3.01 2.41 2.01 1.72 1.51

350 14.06 7.03 3.01 3.52 2.81 2.34 2.01 1.76

400 16.07 8.04 5.36 4.02 3.21 2.68 2.30 2.01

450 18.08 9.04 6.03 4.52 3.62 3.01 2.58 2.26

Natural Gas Price: $3.00 per MCF

Motor Efficiency: 24 Percent
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TABLE 20

Electric Powered Units

Hourly Pumping Cost Pumping 500 Gallons Per Minute
At Different Lifts & Pump Efficiencies

Efficiency

Lift

(Feet) 10% 20% 30% 40% 50% 60% 70% 80%

100 $ 6.30 $ 3.15 $2.10 $1.58 $1.26 $1.05 $0.90 $0.79

150 9.42 4.71 3.14 2.36 1.88 1.57 1.35 1.18

200 12.54 6.27 4.18 3.14 2.51 2.09 1.79 1.57

250 15.72 7.86 5.24 3.93 3.14 2.25 2.62 1.97

300 18.84 9.42 6.28 4.71 3.77 3.14 2.69 2.36

350 21.96 10.98 7.32 5.49 4.39 3.66 3.14 2.75

400 25.14 12.57 8.38 6.29 5.03 4.19 3.59 3.14

450 28.26 14.13 9.42 7.07 5.65 4.71 4.04 3.53

Electricity Price Based on $0.06 per Kilowatt Hour

Electric Motor Efficiency at 90 Percent
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