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ABSTRACT 

Energy Management Study of Irrigation Pumping Plants 

For the Utah Power and Li ght Company 

by 

Jeffrey C. White, Master of Science 

Utah State Univers ity , 1979 

Major Professor: R. Kern Stutler 
Department : Agricultural and Irrigation Engineering 

viii 

All electric power utility companies are faced with yearly peak 

demands. They must supply suffic ient generating capacity along with 

transmission and distribution facilities to carry these load s. In 

the past, peaki ng requirements of many utilities have been met by the 

use of gas turbines, which are not as efficient as base load plants, 

but require substantially lower capital investments. However, the 

fuel supplies used for gas turbines are becoming extremel y difficult 

and expensive to procure and as a result, other means for meeting 

peak demands are being examined. 

Energy management attempts to modify the power systems' load 

requirements to fit the systems' generating capacity, rather than 

supp lying the generating capacity to meet the systems' load. 

Irrigat ion loads comprise one of the largest single demands 

placed upon the Utah Power & Light (U.P.& L.) system. Because of 

their seasonal nature, they contribute extensively to the system load, 
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representing nearly 30% of the peak demand, but only 5% of the 

kilowatt-hour sales. In Idaho alone last year, irrigation consumed 

47 % of U.P.& L. 's capital investment while returning only 28% to the 

Company's revenue. 

This study examines the pote ntial s for implementing energy 

management programs in pump testing, irrigation water management , and 

irrigation load management within U.P.& L. 's service area which might 

be used to help alleviate these peak demand problems . 

( 81 pages) 



INTRODUCTION 

During the 1950's, the nominal price of electricity diminished to 

an all-time low while manual labor costs continued to increase. By 

the early 1960's, the electric industry was aggresively promoting the 

sale of electricity. Subsequently, irrigation system automation 

replaced expensive labor up until the late 1970's. Today, spiraling 

energy costs and deteriorating agricultural prices have made profitable 

farming difficult in many areas. This has caused electric power 

suppliers to take a completely different objective, i.e., conservation. 

Energy management may be defined as the deliberate reshaping of 

an electric utility's load curve by conservation programs and/or 

load management schemes. Energy management has become increasingly 

necessary for several reasons . First, the cost of new generating 

capacity is rising faster than capital availability, along with the 

additional expense created by environmental and legal obstacles to 

power plant siting and construction. Second, the lead time required 

to put new generation facilities on line has doubled in the past few 

years. This means that base load coal-fired generation requires 8-10 

years from the time that it is determined it will be needed until it 

is actually providing power. Other types of generation which use oil 

or gas can be planned and built in substantially less time, but these 

plants are usually used only to provide for peaking load requirements. 

Third, peaking plant installation must be approached cautiously since 

supplies of oil and gas are becoming scarce and costs are increasing. 
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Fourth, the transmission and distribution facilities required to carry 

energy to rural customers are becoming increasingly expensive and are 

difficult to build due to environmental and social pressures. 

U.P.& L. serves more than five-thousand irrigation accounts, 

representing over 473,000 connected horsepower. They consume an 

estimated 5% of the company's total annual kilowatt-hour generation. 

It is also estimated that these accounts are used to irrigate nearly 

860 ,000 acres of land throughout Utah, Eastern Idaho, and South­

western Wyoming. The company's firm peak load occurs during the 

summer and reached 1824 megawatts on June 18, 1977, of which approxi­

mately 550 megawatts was attributed to irrigation . 

Since irrigation pumping loads compose one of the largest single 

electrical blocks of this peak, this study attempts to determine if 

available energy management programs in pump testing, irrigation 

water management, and irrigation load management could appreciably 

alleviate irrigation load problems imposed on U.P.& L. 

The goal is to help farmers obtain maximum agricultural output 

with minimum energy input, thereby promoting the best utilization of 

the utility's resources at the lowest price to the irrigation 

customer. This can be achieved if: 

1. The generation, transmission and distribution facilities 

of the utility could be used in the most efficient manner, 

2. The energy consumed could be used in the most efficient 

manner, and 

3. The water that is pumped could be used in the most 

efficient manner. 
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REVIEW OF LITERATURE 

According to Dvoskin, et al. (10), citing the 1969 U.S. Census of 

Agriculture, the number of irrigated acres in the United States has 

more than tripled since 1935, but it is not expected to change much 

after 1980. Slogget (28) indicates that in the U.S., there were more 

than 35 million acres irrigated with pumped water during 1974 at 

approximately two acre-feet per acre. He estimates that this required 

about 260 trillion BTU's of energy, costing nearly $594 million. 

It is reported that 20% of all U.S. electrical cons umption is 

related to the food industry (23). Estimates indicate that energy 

used for agriculture represents between 2 and 4% of the nation's 

total energy budget (18, 19 ). Longenbaugh Q9) speculates that energy 

used for pumping irrigation water may exceed 25% of all energy used 

for agriculture. This would be approximately 1% of all the energy 

consumed in the U.S . In heavily irrigated regions, this figure may 

be very conservative since Jensen (18) indicates that energy used 

for irrigation comprises an estimated 13% of all energy consumed in 

Ca lifornia, 14% in Idaho, and over 50% in Nebraska. He also maintains 

that along with the power consumed by pumping, in some areas, 

substantial amounts in potential energy are lost each year to power 

plants which are downstream, because of diverted irrigation water . 

During 1976, the Energy Research Development Agency (ERDA) 

sponsored a meeting of irrigation specialists from across the nation. 
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They proposed that there i s a potential for irrigation energy savings 

of 25-30% through improvement of pumping plant efficiencies and also 

a savings of 25-30% through improvement of irrigation efficiencies by 

using better water management. They maintained that both improve­

ments could be made by using exi sting technologies with no signifi­

cant new research r 9 ) . 

Energy management, as previously defined, can only alter a 

system's load curve through two methods, energy conservation and 

load management. Energy con servation not only reduces the peak p01-1er 

demand of a system, but also reduces the total energy requirement 

placed upon a system at any time. Essentially, conservation improves 

a systems load factor permanently without respect to time. (The load 

factor of a system may be defined as the ratio of the average demand to 

the peak demand. Thus, the ideal load factor for a system is 1.0.) 

The electric power industry is now developing many different conserva­

tion programs at all levels of consumption. 

Load management attempts to redistribute peak electric loads to 

off-peak periods. (Load management should be differentiated from 

conservation.) Since load management will not improve the efficiency 

at which energy is consumed, no energy wil l be saved. Yet, load 

management will save capital expenditures of a utility since it 

improves the efficiency at which generation, transmission and distribu­

tion facilities are used, thereby deferring new construction. This 

in turn will defer rate increases to users. Essentially though, the 

same amount of total energy is still consumed (except for 

insignificant ramifications that do not affect the main principle) 
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( 5 ). Unlike conservation, load management is very time depe nde nt 

because redistribution of electrical demand must occur during the 

period of peak consumption. There are various ways to redistribute 

system loads, but all may be categorized as either direct, such as 

ripple and radio control systems, or indirect, such as rat e structure 

incentives and volunteer custo~er regulation . 

Pump Te sting Programs 

Pump testing is a term co~monly used to describe the determination 

of the efficiency of irrigation pumping plants. By improving pumpi ng 

plant efficiencies, energy can be used in the most efficient manner. 

Progra ms to improve pumping efficiencies have existed for some time , 

although in the past, these prograns evolved out of concern over 

declining l>ater le vels rather than diminishing energy resources. In 

1923, the Pacific Gas and Electric Company (then the San Joaquin 

Power and Light Conpany) began providing free pump test services to 

its irrigati on customers in California (29 ). They estimate that since 

that time, 270 ,000 tests have been made resulting in savings of over 

511 million in power costs. Approx imately 15 ~ of the pumps they tes t 

each year are in need of repair or adjustment (2 6). 

l~ore recently, pump testing programs have been established in 

Colorado, Texas, Nevada , ~ew Mexico, Nebraska and Kansas. During 

1964 and 1965, Colorado State University conducted extensive pump 

efficiency tests in Eastern Colorado which indicated that some 

pumping plants were operating at very low effi ciencies. Tests 

conducted during 1976 and 1977 (under the ausoices of several 



individual Colorado power companies) indicated that over 62% of the 

open discharge pumping plants had efficiencies less than 50%, 

whereas only 9% of the sprinkler irrigation systems pumping plants 

had efficiencies less than 50% (19). These results included tests 
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on 410 pumps, 288 of which were open discharge while 122 were sprinkler 

systems. The median efficiency for the open discharge systems was 

slightly less than 45% and between 56-60% for the sprinklers. Pumping 

plant efficiencies of about 65% and above are considered to be 

acceptable (24). 

The University of Arizona studied 50 pumping plant units in 

Central Arizona and determined that approximately half of these pumps 

were using almost 46% more electricity than properly selected and 

adjusted pumps (13). 

Until this study, there have been no detailed investigations 

about the status of irrigation pumping plant efficiencies in Utah 

or Eastern Idaho, although it is reported that tests made by the 

U.S. Geological Survey have shown efficiencies as low as 25% in 

Southern Utah (12). 

Longenbaugh (19) noted in his studies that the average kilowatt­

hour (Kwh) consumption per well each year generally increases. He 

indicated that the major single reason for pump inefficiency was 

that the total pumping head had changed since the pump was originally 

selected due to either declining water levels or modifications in the 

irrigation system by the farmer. He further noted other reasons for 

inefficiencies including: 



* Inadequate well testing 

* Improper pump selection 

* Poor selection of power plants 

* Improper well construction 

* Inadequate pump maintenance 

* Improper operating procedures 
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As noted, declining water tables may suggest lower pump 

efficiencies. The Detroit Diesel Allison Division of General Motors 

recently conducted a survey and asked irrigators throughout the 

country if the water table had dropped sufficiently to cause an 

increase in pumping horsepower or caused them to redrill their wells. 

Fifteen percent of the Utah irrigators and five percent of the Idaho 

irrigators replied to the affirmative (7). Thus, it appears that there 

may be lower pumping efficiencies in Utah than in Idaho. 

Irrigation Water Management Programs 

Irrigation water management is the term most frequently used to 

denote methods employed in obtaining optimum irrigation efficiencies. 

By improving irrigation efficiencies, the water that is pumped can be 

used in the most efficient manner. Although the expression is often 

modified, irrigation efficiency usually depends upon the efficiency 

at which water is conveyed, applied to the field and stored (15). 

An effective irrigation water management program can identify 

inefficient irrigation systems and practices. Irrigation water 

management entails the use of water as an input by manipulating plant 

growth to obtain a desirable growth pattern. In this regard, water 
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must not be considered as a separate part of a mangement program, 

but as it relates to both pump testing and load management. The 

primary goal of irrigation water management should be to achieve the 

optimum yield rather than the maximum yield (50). 

Systems having higher efficiencies are generally those using 

sprinkle and trickle automation, while surface irrigation systems 

generally have lower irrigation efficiencies. It should be noted 

that surface runoff reuse systems can greatly improve the efficiencies 

of most surface irrigation systems. 

Improvement of irrigation efficiencies can reduce the amount of 

water required, thus decreasing pumping time and conserving energy. 

At the University of Nebraska, Gilly (30) has calculated energy 

savings of from 60 to 70% for surface systems and 50 to 62% for 

sprinkler systems by merely adjusting and improving present designs. 

His calculations involve pump adjustments or replacements, installa­

tion of runoff recovery systems, irrigation scheduling, and conversion 

to low-pressure sprinkling systems. 

The amount of seasonal application or hours of yearly operation, 

has also been shown to be a major criterion for selecting low energy 

irrigation systems. For example, an Oregon State University study 

(35) indicates that a center pivot system can use less total energy 

than a permanent set system when less than 23 inches of irrigation is 

applied per year and can use more energy than a permanent set system 

when applying more than 23 inches per year. Selection of the proper 

irrigation system may require careful consideration of these and many 

other factors for successful farming in the future. 
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Irrigation scheduling has proven to be an integral part of water 

management. Irrigation scheduling involves the determination of crop 

water requirements for the purpose of planning the proper amount of 

irrigation applications at optimum frequencies. In Idaho last year 

some irrigators participating in irrigation scheduling programs 

reported power costs $12 to $15 per acre lower than growers who were 

not scheduling, with no apparent difference in yields (14) . 

I rri gat ion Load Management Programs 

Load management may involve control of many kinds of loads such 

as water heating and air conditioning but load management of irrigation 

pumps appears to offer the most effecti ve way to reduce peak demand 

for U. P.& L. Load management improves the efficiency at whi ch 

generation, transmission and distribution fa cilities are used. Most 

of the literature on irrigation load management has been reported by 

Stetson, et al. in Nebraska. His experi ments on this subject began 

as early as 1973. 

In Nebraska, the need for these programs has become critical. 

Shortages of oil and gas have caused many irrigators to convert to 

electrical pumping units . These new loads have greatly reduced the 

system load factors of the utilities because of their seasonal nature. 

Irrigation loads produce high summertime power demands for three or 

four months and remain dormant the rest of the year. There are two 

major reasons why rural power districts, who must buy their power from 

wholesale suppliers, cannot meet these demand increases. First, they 

cannot justify the construction cost of new transmission and distribu­

tion facilities required to carry these loads for such a small 
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fraction of time each year. Second, mos t of these sma ller power 

districts must pay penalty or "ratchet charges" to the wholesale 

suppliers when the winter load falls below some specified percentage 

of the summer peak. The greater the difference between summer and 

winter loads, the greater the penalty. For example, in 1971 the 

Custer Public Power District (CPPD) paid over $40,000 in ratchet 

charges while the Southwestern Public Power District {SPPD) paid more 

than $260 ,000 in 1975 (25, 27). 

As a result, many of these power districts are only wi ll ing to 

add new irrigation customers each year in proportion to their winter 

load increase. Now the time lag between application for power and 

connection varies from months to several years (34). 

Any load management program involves three interdependent elements: 

rate design incentives, control methods, and loads to control (21 ). 

These off-peak irrigation programs have been developed to operate 

irrigation systems during hours when industrial, residential, and 

air-conditioning power demands are below their daily peak. Theoreti­

cally, by scheduling the operating times of different irrigation 

systems, an almost uniform power demand could be created each day (34); 

It is this uniform power demand which all utilities desire since the 

best use of their generating, transmission, and distribution 

facilities is achieved. 

CPPD first began irrigation load management experiments in 

1973. In this program, 20 center-pivots and 6 surface irrigation 

systems were scheduled, representing 2,120 horsepower {hp). CPPD paid 

irrigation scheduling costs plus $1.50 per acre to voluntary cooperating 

irrigators. All systems were turned off from 2 p.m . until 10 p.m. on 
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days when demand was high. Twenty-eight days of shutdowns between 

July 1 and September 2 reduced peak power demand by 1022 kilowatts (kw) 

over the 1972 peak with no reported adverse effects on yie lds (33) . 

In 1974, the voluntary program was reduced and an additional 

mandatory control program employed. Ten center-pivot and three 

su rfa ce sy s tems were involved in the 1974 pro.iect . representing 

1,1 30 hp. During thi s year, radi o-contro lled units were installed 

to automat ical ly remove power from a centra l control point . Another 

289 hp wa s placed under control through an inter ruptive contract in 

which new irrigati on loads would only be guaranteed 16 hours of 

uninterrupted power servi ce per day . During thi s season, systems 

were shut down 17 different days and peak demand increased 2604 KW 

over that of 1973, but it wa s noted t hat 1974 wa s an unusual ly hot 

dry year (33 ). 

In 1975, 1055 hp was continued under voluntary co ntro l with 

free irrigation scheduling still supplied . From 5 p.m. to 10 p.m. 

2780 hp was scheduled to be turned off and 730 hp from 11 a.m. to 

5 p.m. During the season, irrigation interruptions occurred only on 

12 different days . It was noted that experience in monitoring sub­

station loads reduced the number of day s power was turned off (31 ). 

The McCook Public Power District (MPPD) fir st initi ated an 

i rrigation load management program in 1974. Cooperating irrigators 

were paid half the fee for the commercial scheduling service. Seven­

teen irrigators participated, representing 2245 hp. Irrigation sys tems 

in this program were schedu led t o be turned off on a staggered basis 

since the high-•demand period lasted longe r than ind ividual systems 

should be turned off . One group was scheduled to be off from 11 a .m. 
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to 3 p.m., another group from 2:30 p.m. to 7 p.m., and a third group 

from 4 p.m. to 9 p. m. The peak demand of MPPD increased 24.2% over 

the 1973 peak and the average demand increase in 1974 for all rural 

power districts in Nebraska was also around 24%. However, maximum 

demands were shifted from 7 p.m. to 10 p.m. (33) . 

In 1975, off-peak schedul e of surface irri gation sys tems had 

one-sixth of the cooperating systems off each day from Monday through 

Saturday sin ce over-irrigation and low appli cation efficiency would 

occur if the systems were started again to complete the irrigation at 

the lower end of the field. During this season, ma ximum demand 

increased onl y 320 kW even though 1 300 k~J of new 1 oad wa s added to the 

system (31). 

The Elkhorn Public Power District {EPPD) began an irrigation load 

management project in 1975. A telemetering system was designed to 

monitor three substation loads and transmit the information to the 

district office. Radio controls were install ed on 2000 hp of irriga­

tion load. During peak demand hours, 1900 hp was turned off. It was 

estimated that nearly $8,0DO per month wa s saved during months when 

demands fe 11 be 1 ow the ratchet penalty 1 eve 1 ( 31). 

In 1975, the Wheatbelt Public Power District (WPPD) began an 

intensive public awareness program to inform irrigators of the need 

to control peak demands and reduce energy costs . Irrigators were 

grouped into threes and asked to develop a schedule among themselves 

so that one-third of the systems were off all season. This program 

also proved to be effective since the 1975 peak demand increased only 

2500 kW over the 1974 peak even though 10,000 kW of new irrigation 

load was added (31) . 
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In 1976, SPPD began an experimental load ma nagement program. 

They installed a ripple control system and placed 271 individual 

pumps under direct control. Participating irrigators were given 

choices between daily control or weekly control. Daily control meant 

that pump s could be shut off during the peak use period of any day. 

Irrigators on this schedule were offered rates which roughly equalled 

those of the previous year. Weekly control meant pumps could be s hut 

down on the same day of each week if it looked as though the system 

might peak on that day (27). The rates were designed so that an 

irrigator with a 100 hp motor who operated 1000 hours in a season could 

save $500 with weekly control or $1 ,000 with daily control . These 

rates are shown in Table l . No pumps were shut off from 10 p.m. to 8 

a.m. or on Sundays. Daily control was generally selected by sprinkler 

irrigators while surface irrigators preferred weekly control (32). 

Farmers who had equipment failure were allowed to override the 

ripple system until they could catch up on crop water needs. Most 

farmers reported that they had improved their water management skills 

and many learned to fill so il reservoirs by preirrigating before the 

peak water-use season (32). 

Expenditures for the program by the company were estimated at 

$5.66 per controlled hp (32). Plessey LTD of New Zealand who 

installed the ripple control system estimates typical total costs for 

control equipment and installation at $30 per controlled kW for 

irrigation ( 6 ). Even though 4900 kW of new irrigation load was 

connected in 1976, the peak demand was reduced 423 kW below the 1975 

peak {32). 



14 

However, not all rural power circuits may be able to use 

scheduling to control demands with the same effectiveness. Substation 

analyses have revealed two types of demand patterns that generally 

occur. These patterns are shown in Fig. 1. At substation A, the daily 

TABLE 1.--1976 Electrical Rates for Irrigation With and Without Load 
Management for Customers of Southwest Public Power District, Palisade, 
Nebraska (32 ) . 

No Control 

First 
Next 
All excess 

200 kWh per hp at 8.0¢ per kWh 
300 kWh per hp at 2.8¢ per kWh 

kWh at 2.0¢ per kWh 

Weekly Control (Controlled only on a selected day of the week) 

First 
Next 
All excess 

200 kWh per hp at 5.0¢ per kWh 
300 kWh per hp at 2. 8¢ per kWh 

kWh at 2.0¢ per kWh 

Daily Control (Controlled on any day and probably more than 1 day per 
week) 

Fi rst 
Next 
A 11 excess 

200 kWh per hp at 5.0¢ per kWh 
300 kWh per hp at 2.0¢ per kWh 

kWh at 1. 5¢ per kWh 
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load fluctuation is relatively small, and the peak demand could prob­

ably not be controlled unless some pumps were turned off for 24-hour 

periods. At substation B, the peak demand could be reduced by turning 

some pumps off between 11 a.m. to 4 p.m. and a greater number off 

between 4 p.m. to 9 p.m. ( 2). 

Load management systems can be classified as either "direct" or 

"indirect ." From the work previously done in this area, it appears 

that a combination of both these two methods might be the most 

effective in reducing peak electrical demand s . 

Direct Control.--These systems involve the direct regulation by 

the utility to decide when to turn loads off and on. 

Ripple Control Systems.--This system turns electricity on and off 

by superimposing an audio frequency on exi sting power lines. These 

signals are transmitted throughout the entire power system instanta­

neously from a contro l center . The signals are coded so that 

different switches can receive signals to turn them on and off 

independently or collectively (32). There are at least three companies 

who market these systems. Ripple contro l systems promise to 

be the most efficient method for direct control (27). 

Radio Control Systems.--ln this system, radio s i gnals are sent 

from a transmitter in the control center to a receiver which operates 

a switching mechanism in the pump panel. This system is extraneo us 

to the power circuitry system. 
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Time Clock Systems.--These systems are independent of a control 

center but switch power on and off according to a predetermined time 

interval manually set on the control in the pump panel, but these 

systems are not as popular since they do not allow the margin of 

safety and flexibility offered by radio, ripple, and manual operation 

( 2 ) . 

Temperature Controls. --In 1976, Anschutz ( 3) conducted experiments 

in Kansas to determine if temperature-controlled pumping could meet 

the objectives of irrigation load management . Two center-pivot systems 

were scheduled by a thermostat control to turn off the systems when the 

temperature reached 95°F and to turn them on at 90°F. A third center­

pivot system was used as a reference and was controlled manually 

under optimum conditions. Results indicated that thermostat control 

was not an effective approach to electric load management of irrigation 

pumps. Stetson, et al. ( 34) found very low correlation between 

electrical demand and evapotranspiration or electrical demand and 

temperature. 

However, the Minnkota Power Cooperative in Minnesota and North 

Dakota experiences a winter peak due to heating demands and have found 

that system demand correlates very closely to temperature under these 

circumstances. A note of interest is that since f~innkota is a winter 

peaking company and the Nebraska Power District is a summer peaking 

company, Minnkota and the Nebraska Public Power District have con­

tracted an exchange of summer and winter capacity (20). 



Indirect Control.--With programs utilizing these methods, the 

individual irrigation customers are given the responsibility and 

incentive to operate pumps only during off-peak periods or to 

organize individually alternating irrigation schedules . 
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Volunteer Regulation.--This program is more educational in nature 

than others. Although essentially all of the programs require some 

public educational efforts, this program promotes off-peak power usage 

through intensive public awarenes s campaigns. These programs have 

proven to be quite effective in many cases (31). 

Dual Metering.--In this program, incentives for off-peak power 

usage is given through rate structure benefits. Dual metering is 

usually used to record both peak period power consumption (which is 

billed at a higher rate) and off-peak power consumption (which is 

billed at a lower rate). At this time, there is no literature 

available on the expense or the effectiveness of this type of program. 

In summary, energy management is a relatively new area of 

interest since it was born from the repressions of the "energy 

crises." Today, energy shortages have compelled the electric power 

industry and electric consumers to use both energy and utility 

eq uipment resources in the most efficient manner. It appears that 

various combinations of conservation and load management programs 

can be implemented to achieve these goals, but each power company 

must design programs to meet its own unique and individual needs. 
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METHODOLOGY 

In order to keep the cost of energy as low as possible for the 

irrigation customer, the utilities' expenses must be minimized. Thus, 

if a utility could defer its capital expenditures for more generation, 

transmission, and distribution facilities, rate increases to 

customers could also be deferred . Energy management of irrigation 

pumping plants can achieve this through three different methods. One 

is by using transmission and distribution facilities in the most 

efficient manners. This involves the implementation of a load manage­

ment program to redistribute irrigation loads to off-peak periods. 

Another is by using energy in the most efficient manner. This 

involves the implemen tation of a pump testing program to identify 

inefficient pumping plants. The third is by using water in the 

most efficient manner. Thi s involves the implementation of an 

irrigation water management program to identify inefficient 

irrigation systems and also inefficient irrigation practices. 

Pump Testing 

Pumping plants have energy losses associated with friction 

created by mechanical parts touching each other and the resistance 
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moving water encounters while in contact with various surfaces in the 

pump column (Fig. 2). If any of the components of the pumping plant 

wear out or perform ineffectively, excessive energy is wasted. A 

pump test can determine if there is excessive energy lost during 

operation of the plant. 

The Utah State University Agricultural Experiment Station and 

U.P.& L. sponsored research to study efficiencies of electrically 

powered pumping plants. A pump test team traveled to California in 

order to observe pump testing methods empl oyed by the Pacific Gas & 

Electric (P.G.& E.) Company (who have been actively involved in a 

gratis pump test service since 1923) . From this experience, the 

team developed a similar procedure for testing electrically powered 

pumping plants. 

Areas Tested .--Seven different agricultural areas were used to 

sample the efficiencies of irrigation pumps throughout the U.P.& L. 

service region. With the assistance of the USU Extension Se rvice, 

farmers were familiarized with the study and their consent was 

solicited to sample test irrigation pumps. Four areas were tested 

throughout Utah along with two areas in Eastern Idaho. These regions 

are referenced according to the U.P.& L. division within which the 

tests were made (Fig. 3). The areas tested in these divisions include: 

Rexburg Division--Rexburg and St. Anthony 

Preston Division--Preston, Malad, Bancroft, Benson, Smithfield, 

and Amalga. 

Ogden Division-- Tremonton , Bear River City, Bothwell, 

Snowville, and Garland. 
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Southern Division--Santaquin, Elberta, and Cedar Valley. 

Telluride Division--Milford, Minersville, and Beaver. 
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There were no pump tests made within the Sa lt Lake division, but 

results from the Southern division are presumably similar. 

Measurements.--The overall efficiency of a pumping plant can be 

defined as the ratio of the water horsepower output to the electrical 

horsepower input. To determine this ratio, three measurements were 

made, i.e., the flowrate, the total dynamic head, and the electrical 

horsepower input (Fig. 4). All calculations of the pump test report 

were based upon these three measurements, and the accuracy of these 

measurements predicated the accuracy of the results obtained in the 

test. 

Apparatus.--Although some of the instruments used in pump testing 

were commercially obtainable, several devices had to be designed and 

fabricated in order to meet the specific requi rements of the pump 

test team . 

Flowrate Measurements.--There are many ways to measure flow-rates. 

Some of the most common instruments used are nozzles, orifices, 

flumes, venturi meters, weirs, and propel l er meters. A. L. Collins 

of Berkeley designed and manufactured an instrument which operates 

on the pitot principle . The P.G.& E. has successfully used this 

instrument in its pump testing program, and it was also employed for 

this study. 

The Col l ins Flow Gauge measures the velocity of the water 

traveling within a pipe. The gauge consists of two main parts: the 
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impact tube which passes through and attaches to the pipe, and the 

manometer which is connected to the ends of the impact tube with hoses. 

When connected to the manometer , the impact tube is des igned to show 

the variation between the stagnation pressure and the piezometric 

pressure in the pipe. The scale on the manometer reads directly in 

feet per second of flow. 

The impact tube was hollow except for a thin partition in the 

middle. There was one small orifice on each side of this partition 

at a 180° spacing. Thus, when one orifice was pointed directly 

upstream into the f lowing force of the water in the pipe, it 

experienced the combined pressure created by the impact of the moving 

water plus the static water pressure within the pipe . This is known 

as the stagnation pressure. At the same instant, the other orifice 

pointed directly downstream and only experienced the static pressure 

within the pipe. This is known as the piezometric pressure. The 

difference between these two pressures registered on the U tube 

manometer where the velocity was read directly on a calibrated scale . 

Since the velocity of the water nearer the pipe wall was slower than 

at the center of the pipe, the average water velocity was estimated 

by placing the orifices on the impact tube at a predetermined distance 

from the pipe center. This distance produced a pressure differential 

indicating the mean velocity of a normal parabolic flow profile on 

the manometer. Since the inside diameter of the pipe and, hence, the 

area had been previously measured, the pipe flowrate was easily 

calculated as the product of the mean velocity and the pipe area. 



The Collins Flow Gauge wa s tested in the hydraulic laboratory with 

weighing tanks and found to give favorably accurate results. 
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Total Dynamic Head Measurements .--The total dynamic head of a 

vertical turbine pumping plant i s the total ver tical lift from the 

water level in the well to the pump plus the pressure head created on 

the discharge side of the pump . 

To determine the distance from the pumping water level in the 

well to the discharge level, an electric sounder was employed. This 

instrument was a simple electrical circuit consisting of a battery, 

ground wire, sounding probe, and a milliammeter. 

Many river or reservoir pumping plants used centrifugal pumps. 

At these installations, the vertical lift was determined with a 

surveying level and a Philadelphia rod . 

The pressure head created on the discharge side of the pump was 

obtained by attaching a pressure gauge. In si tu pressure gauges 

already placed on the pump by the farmer were often inaccurate and 

were replaced by calibrated gauges during the test. The pressure 

gauge reading was converted from psi to feet of water in order to be 

added to the water level measurement. The sum of these two measure­

ments represents the total dynamic head of the pumping plant. 

r~easurement of Electric Horsepower Input.--The e 1 ectri c horse­

power input to the motor was measured by timing the disc on the 

watt-hour meter for a given number of revolutions. 

Procedure. --Upon arrival at the pump installation, several primary 

questions were considered such as the following: 
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1. Could the well be sounded and was there a place to insert 

the probe, or could a hole be cut through an exposed section of well 

casing? 

2. Where could the pipe be tapped to obtain the best flow 

characteristics? 

3. If the pump was running, could it be shut down safely or 

could it be tested while running? 

4. If the discharge pipe did not run full, could it be filled? 

5. Where was the electric meter and was it accessible? 

6. Was all electrical circuitry protected from the spray of 

pressurized water? 

7. Could all measurements be made safely with no risk to 

personnel or machinery and how could potential dangers be mitigated? 

After these details had been fully assessed, the pump test began. 

If the pump was not running, the standing water level was measured with 

the sounder. This measurement was not required to determine the 

efficiency of the pumping plant, but it enabled the drawdown to be 

calculated which gave some ideas of the aquifer characteristics. 

The discharge pipe was then drilled, tapped, and the inside 

diameter measured. The Collins Flow Gauge was then installed along 

with a pressure gauge, if required. The orifices of the impact tube 

were placed in a neutral position before starting the pump in order 

to decrease the possibility of sand entering and plugging off the 

manometer. 

The pump was then started and while the well was drawing down, 

the information on the pump data sheet was recorded such as: name, 
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location, date, and nameplate data from the motor, pump, and electric 

meter. When the pumping water level stabilized, the velocity of the 

water in the discharge pipe was measured and the flowrate was 

determined from the equation: 

Q v D {2.448 D - d) (1) 

where Q is the flowrate in gallons per minute, and v is the average 

velocity of water flowing in the pipe as measured from the Collins 

Flow Gauge in feet per second, Dis the inside diameter of the pipe 

in inches, and d is the outside diameter of impact tube in inches. 

Since the impact tube occupied a portion of the cross-sectional 

area in the pipe, the second term in the above equation was used to 

deduct this amount. Collins corrects for this change in area by 

using the empirical formula (29): 

Q = v (2. 55 o2 - D) . {2) 

where the notations are the same as given in the previous equation. 

Next , the total dYnamic head was found by measuring the pumping 

lift and the discharge pressure head. The total dYnamic head is given 

as: 

TDH 2.308 P + L (3) 
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where TDH is the total dynamic head in feet, P is the discharge 

pressure head in pounds per square in ch as noted from the pressure 

gauge, and L is the pumping lift in feet as meas ured with the sounder. 

From the flowrate and the total dynamic head, the water horse-

power output of the pumping plant was determined from the equation: 

WHP Q•TDH 
3%0 (4) 

where WHP is the water horsepower, Q is the flowrate in gallons per 

minute, and TDH is the total dynamic head in feet. 

The next step was to determine the electrical horsepower input 

by timing the disc in the watthour meter for a certain number of 

revolutions . Accurate enough results were obtained by timing the 

disc for 10 to 20 revolutions during a period of about 60 seconds. 

(It should be noted that if the well had not reached normal operating 

conditions, the electrical horsepower input measured would not reveal 

the true horsepower input requirements of the pumping plant under 

normal operating conditions.) The electrical horsepower input was 

obtained from the following equation: 

HPI (5) 

where HPI is the horsepower input, PKh is the primary watthour 

constant, n is the number of revolutions for which the watthour meter 

disc was timed, and tis the time required in seconds for the watthour 

meter disc to turn n revolutions . 
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The above equation is applicable only for transformer rated 

meters having current and/or voltage transformers installed to reduce 

the amperage and/or voltage to the watthour meter so that only some 

fraction of the actual power usage is actually monitored. When non­

transformer rated installations were encountered, the watthour constant 

(Kh) was used in the above equation in place of the primary watthour 

constant {PKh). The Kh constant was always printed on the face of the 

meter and represents the number of watthours used during one 

revolution of the meter disc. The equation for determining the 

primary watthour constant follows: 

(6) 

where PTR is the power transformer ratio, CTR is the current trans­

former ratio, and Kh is the watthour constant. 

The CTR was usually displayed on the respective transformer 

units, but if the wires were looped through the current transformers 

more than one time, this ratio had to be divided by the number of 

loops passing through in order to obtain the correct ratio. The PTR 

was obtained by noting the voltage on the voltage transformers and 

dividing this voltage by the voltage used at the watthour meter. Thus, 

if the pump motor required a 480 volt hook-up and the watthour meter 

used 120 volts, the PTR was 480:120 or 4. 

After the water horsepower output and the electrical horsepower 

input were determined, the overall pumping plant efficiency was 

calcu l ated by dividing the water horsepower output by the electrical 
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horsepower input. Table 2 shows the overall maximum plant efficiencies 

which might be expected for different motor sizes. Larger motors 

tend to be more efficient because their greater capital investment 

justifies design to meet better tolerances. 

If the efficiency of the pump was desired, the brake horsepower 

(BHP) was first calculated. The BHP was found by multiplying the 

electrical horsepower input (HPI) by the mechanical efficiency of the 

motor. Table 3 provided an index of typical motor efficiencies that 

could be expected for average field installations no longer new. 

Before the pump was shut down, all calculations were completed 

in order that any measurement could be verified without having to 

restart the pump and wait for the pumping level to stabilize again. 

Irrigation Water Management 

Evaluation of irrigation efficiencies throughout the U.P.& L. 

service area were estimated from the data collected during the pump 

testing programs. Batty, et al. (4) suggest that pumping energy can 

be calculated or estimated by knowing the irrigation requirements, 

irrigation efficiency, pumping efficiency, and pumping head: 

PE A D H 
KETEP (7) 

where PE is the pumping energy, K is the conversion factor depending 

on the units used, A is the area irrigated, D is the net depth of 

irrigation requirement or crop evapotranspiration, H is the pumping 

head or the sum of el evation differences, operating pressure, and 



TABLE 2. -- Expected Peak Overall Plant Efficiencies . (29). 

Motor Size (HP} OPE 
(1) (2) 

5 50% 

7 l/2 55% 

10 - 15 60% 

20 - 40 65% 

40 - Up 65 - 70% 

TABLE 3. --Assumed Motor Efficiencies for use in Figuring BHP and 
Percent of Load. (29). 

Motor Size 
{1) 

5 
7 l/2 

10 
15 
20 
25 

30 - 50 
60 - 75 

100 - 200 

(HP} Motor Efficiency {%} 
(2) 

83 

83 

85 

86 
87 

88 

89 

90 
91 
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friction and minor losses, Ei is the irrigation efficiency or the 

percentage of water applied that is stored in the root zone, expressed 

as a percentage; and Ep is the pumping efficiency, expressed as a 

percentage. 

From this equation, the irrigation efficiency (Ei) was calculated 

for the areas irrigated from each pump since all other values of this 

equation were known. The pumping energy (PE) was taken from power 

billings kept by U.P.& L., most irrigators could approximate the area 

(A) they were irrigating. An estimation of evapotranspiration or 

irrigation requirement (D) was made according to the crop type and 

locality. The pumping head (H) and the pumping efficiency (Ep) were 

taken from the pump test results. 

Thus, irrigation efficiencies were compared for different systems 

and different irrigation districts in the same manner that pumping 

plant efficiencies were compared to determine where improvements might 

be made in order to save water and energy. Irrigators with 

inefficient sys tems could then be encouraged to consult an irrigation 

design company to improve their systems in the same manner that they 

were referred to their pump dealers to improve inefficient pumping 

plants. 

Irrigation Load Management 

The following is a discourse of the methodology which would need 

to be employed in order to implement a complete irrigation load 

management program. Thus far, only a pilot program in irrigation load 



management has been tested similar to the pilot program in pump 

testing just described. 
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An effective load management program must satisfy both the power 

supplier and the irrigator. In scheduling irrigation during off-peak 

periods, crop yields must not be decreased. Thus, load management will 

necessarily involve the incorporation of some irrigation water manage­

ment techniques in order to achieve these goals. 

Power Supply Analyses.--Demand records need to be studied to 

determine the relative costs to the power supplier of the irrigation 

load. This demand-cost study helps determine the amount of effort and 

funds which can be expended to control future demand costs ( 2 ) . 

Most rural power suppliers maintain summaries of the total 

connected horsepower they serve for irrigation . Power supply personnel 

also know which substations or sections of their service area contain 

most of the irrigation loads . Off-peak irrigation scheduling begins 

at this point. Hourly demand records of substations should be 

analyzed to develop daily and seasonal load patterns in relation to the 

total load of the system. Three or four years of data help to better 

determine the load patterns during the irrigation season. 

If the power supply analysis reveals a need for demand control, 

the magnitude and timing of control must be established. Next, 

key areas or substations should be selected for control. Some areas 

or substations within a servi ce area may be easier to control than 

others. A substation peak or the peak demand of one or more sub­

stations may be controlling the total peak demand of the system. 

Irrigated areas served by certain substations may have larger motors 



or finer-textured soils that will lend themselves more readily to 

off-peak irrigation scheduling. 
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Sprinkler systems are much easier to shut off for a few hours 

than surface irrigation systems, although both sprinkler and surface 

systems can be scheduled off on selected days in a given time period. 

After the areas of control have been selected, a method of 

control and some kind of inducement for irrigators' cooperation 

must be developed (2 ). 

System Analyses.--Before a load management program can be 

implemented, some kind of criterion must be devised to determine 

whether or not a particular irrigation system has the flexibility to 

be regulated without depreciating crop yields. System analysis is 

required before a sound decision can be reached concerning off-peak 

irrigation scheduling. 

Stored soil moisture is the key to effective off-peak irrigation 

scheduling. Many irrigation systems are designed to meet the peak 

water-use requirements of the crop . However, if the irrigation 

system does not continuously operate during the peak water-use period, 

the crop may withdraw some moisture from the soil profile to supplement 

the irrigation water applied. All of this assumes that off-peak 

irrigation scheduling is required during the period of peak water-use 

for the crop. This will probably be the case for most summer peaking 

utilities since crop peak water-use periods and temperature, hence 

air-conditioning, occur spontaneously. In other situations, off-peak 

irrigation scheduling will not be as critical. 
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The amount of moisture that the crop can withdraw from the soil 

profile without decreasing yields depends upon the type of crop, 

stage of growth, type of soil, and the available soil moisture at the 

time irrigation is interrupted . In some areas, the probability of 

rainfall can also be considered in an overall plan of scheduled 

interruption. If the system capacity will allow a nearly full soil 

moisture profile before interruption, then an off-peak scheduling 

program can include that system without causing a reduction in 

crop yields. Research has shown that when water or pumping time is 

limited, moisture stress at certain crop stages is not as critical 

as at other stages ( 2 ) . 

Add ink, et al. ( 1 , 2 ) have conducted research in Nebraska to 

determine minimum irrigation capacity for maximum corn yields with 

center-pivot systems. In this study, a computer .model was developed 

to estimate system capacity requirements (nine out of ten years) 

which would not l imit corn production because of a soil moisture 

deficit. 

examples. 

Results of this modeling are shown in Fig. 5 along with 

These results can be used to: (1) design irrigation 

systems with limited pumping capacities, or (2) operate irrigation 

systems with excess capacity for fewer hours. Both of these uti l iza­

tions can save water and energy . Similar methods can be employed 

to evaluate other types of irrigation systems, crops, and climatol­

ogi ca 1 regions. 
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FIG. 5.--Irrigation Requirements vs. Available Soil Moi sture for Two 
Soil Moisture Depletions Based Upon Computer l~ode ling Using 58 Years 
of Weather Data at North Platte, Nebraska (1). 

Example 1. --System Design 
A farmer has a silty clay loam soil. Climate conditions are 

similar to North Platte. He wants to irrigate 130 acres, and keep 
soil moisture depletion less than 50% nine out of ten years. 

Available soil moisture storage capac ity must first be determined 
to be 2.0 inches per foot for silty clay loam. From Fig . 5, 1.35 
inches per week is required for a soil holding 2.0 inches per foot to 
prevent depleting soil moisture more than 50%. Allowing 10% 
downtime would require 1.48 inches system capacity per week. 
A 130 acre center-pivot would require 520 gpm to provide 1.48 inches 
per week . If irrigation efficiency is less than 90%, additional 
capacity is required . 

Example 2.--0ff-Peak Irrigation 
A farmer has a 800 gpm center-pivot irrigating 130 acres . He is 

willing to cooperate with the power company to reduce peak power loads 
during the summer. His soil is a silt loam which has an available 
soil moisture storage capacity of 2.0 inches per foot . According to 
Fig. 5, 1.35 inches per week is required if soi l moisture depletion of 
50% or less is acceptable nine of ten years. If a maximum soil moist­
ure depletion of 70% or less was acceptable, it would require 0.70 
inches per week. This would decrease corn yields, very little, if any. 

However, the farmer decides to use 50% depletion which requires 
1.35 inches per week. Applying 1.35 inches per week on 130 acres 
requires 470 gpm. Since he has 800 gpm available, he could shut off 
his system 40% of the time each day . Most years he could be shut down 
more than 40% of the time during the peak-use period without exceeding 
50% soil moisture depletion. 
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Irrigation Scheduling.--Irrigation scheduling or soil moisture 

monitoring i s required to determine which irrigation systems can be 

shut down without causi ng crop damage . If electrical load reduction 

is required, a system which operates on soils with high amounts of 

available moisture storage will be shut down sooner than one which 

operates on soils of low available moisture storage (2) . 

Proper scheduling of i r rigation requires careful monitoring of 

soil moisture in the plants effective root zone and a prediction of 

the amount of water that the plant uses . Keeping tabs on the status 

of the soil moisture reservoir is like balancing a checkbook. The 

amount of irrigation water applied is added in (less inefficiency 

of water application), and the effective rainfall received and the 

amount of water used by the crop is subtracted out (11) . 

Probably the greatest benefit the irrigator obtains from 

scheduling irrigations is not so much the ti ming of irrigations, 

but the amount of water to be applied each irr igation. This relates 

directly to the irrigation efficiency at which water is used (which 

was discussed in the Irrigation Water Management subsection). As an 

example, in Central Nebraska irrigation scheduling has reduced the 

amount of water applied from 24 inches to 15 inches per season . This 

is a 38% saving of water and energy for irrigators who scheduled 

irrigations over those who did not (11). 

Refilling the root zone from each irrigation can waste fertilizer, 

water, and pumping energy. If rainfall occurs soon after the field 

is irrigated, water will percolate below the root zone carrying with 

it soluble nutrients, thus wasting fertilizers, water, and energy. It 
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is important that plant nutrients, applied as soluble fertilizers, 

not be leached from the soil during the growing season. (Yet, rain­

fall would not be as dependable in Utah and Idaho.) 

In summary, irrigation scheduling not only is an important part 

of any effective load management program, but also serves to be an 

integral part of an effective irrigation water management program in 

conserving water and energy. 

Pilot Program. --A pilot program in off-peak control is initially 

most desirable in order to give district personnel and irrigators the 

feel of off-peak scheduling and to obtain experience in monitoring 

and controlling loads. Electrical loads should be monitored at key 

substations or for the total system, depending upon the effect 

desired. Irrigation should be scheduled off only when demands reach 

a predetermined level. The demand analysis of previous years will 

help to evaluate this parameter (2). 

During the summer of 1977, a pilot program in load management 

was initiated near Rexburg in the Rexburg division of U.P.& L. The 

Smith South Circuit Substation was chosen for load scheduling on a 

voluntary basis. One-fifth of the irrigators on this circuit were 

asked to defer irrigating on a particular day of the week for a 

ten-hour period. The experiment was conducted during the last week 

of June, the first week of July, and the last week of July. 
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RESULTS AND DISCUSSION 

If a utility's expenditures can be deferred, then rate increases 

can also be deferred since utilities are only allowed to increase 

rates in proportion to increased expenses incurred. Thus, it is 

desired to determined if various energy management programs could 

appreciably alleviate pumping demands on the U.P.& L. Co., thereby 

deferring expenditures for the company and rate increases for the 

customers. 

Fig. 6 shows peak load and peaking capability projections for 

the U.P.& L. Co. As can be seen, required capability during the 

winter lull periods equals or exceeds the summer peaks which occur 

about a year and a half, or 18 months, prior to this time. Thus, 

the longest the company could expect to defer capital expenditures 

wou ld be about 18 months. 

The irrigation kilowatt-hour consumption in 1977 for each 

division of U.P.& L. is shown in Table 4. Note that Idaho irrigators 

consume 77% of all energy used for irrigation within the company . 

The 1977 load-duration curve for the U.P.& L. system is shown 

in Fig. 7. This curve indicates the length of time that a given 

load must be annually supplied to meet system requirements. For 

example, a load of approximately 1480 megawatts must be supp lied for 

100 hours during the year, and a peak load of 1887 megawatts must be 

supplied for approximately one hour annually. 
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FIG. 6.--Utah Power and Light Company Peak Load and Peaking Capability. 
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TABLE 4.--1977 Irrigation Energy Consumption of the Utah Power and 
Light Company by Division and State (17) . 

Division 

(1} 

Rexburg Division 

Preston Division 

Salt Lake Division 

Ogden Di vi sian 

Telluride Division 

Southern Division 

Company Tot a 1 

Total Idaho Kwh 

Tota 1 Utah Kwh 

Total Wyoming Kwh 

KWHR 

(2) 

362 ,4Bl , 752 

60,640,176 

24,843,587 

10,675,397 

57,594,824 

32.777,252 

549,012,988 

414,338,120 

133.120.1 30 

1,554,738 

% Total 

(3} 

66 

11 

5 

2 

10 

6 

75.5% of Total 

24.2% of Total 

0.3% of Total 
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Duration (Thousands of Hours) 

FIG. 7.-- 1977 Load-Duration Curve, Ideal Load-Duration Curve, and the 
1977 Load-Duration Curve Without Irrigation Loads for the Utah Power 
and Light Company. 
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The integration of the load-duration curve over the year, or 

the area below the curve, represents the annual kilowatt-hour sales 

for U.P.& L. of nearly 1.09 x 1010 Kwh. Note that each small square 

on the graph represents 2. 00 x 106 Kwh. The ideal load-duration 

curve would be constant throughout the year having the same area 

below the curve . As shown in Fig. 7, by the dashed line, this would 

produce a continuous base load of about 1240 Mw. Fundamentally, 

the area below the curve represents sales where the company makes a 

greater return on investment and the height of the curve reflects 

capital investments that must be made to provide for demand. There­

fore, it is desirable to maximize the area under the curve while 

minimizing the height of the curve. 

The scale at the right of the graph gives the percentage of the 

peak demand. From the graph, it can be seen that 700 hours of 

generation will take care of 20% of the total capacity requirement, 

whereas only 80 hours of operation will take care of 10% of the peak 

requirement. The load is never less than 45% of the annual peak. 

Consequently, 45% of the total peaking capacity can be considered 

base load generation, operating more or less around the clock, while 

approximately 35% is mixed or intermediate capacity. The remaining 

20% of generating capacity could be classified as peaking require-

ment. 

Total company consumption for irrigation in 1977 was 549,012,988 

Kwh (Table 4} and comprises about 5% of all energy sold by U.P.& L. 

Since these loads occur for approximately 4000 hours or less each 

irrigation season, the companies load-duration curve would look 



something like that shown by the thin solid line in Fig. 7 if all 

irrigation loads were completely eliminated. Thus, it can be seen 

that although irrigation loads comprise only 5% of all energy sales 

by the company, these loads produce about 30% of the peak kilowatt 

demand. 

Pump Testing 

45 

It is important to note that all of the assets of a pump testing 

program cannot be converted into economic parameters. For instance, 

P.G.& E. believes that its pump testing program serves as a valuable 

public relations instrument {29). Since this kind of program can help 

irrigation customers save money, they are naturally more partisan 

towards the power company. 

The relationship between overall pumping plant efficiency and 

Kwh consumption per acre foot per foot lift is shown in Fig. 8. It 

can be seen that the lower the pumping plant efficiency, the more 

critical power consumption becomes. From Fig. 8, cost can be 

substituted for kilowatt-hour consumption and the effect of pumping 

plant efficiency on power cost at various power rates can be seen in 

Fig . 9. Thus, the higher the price per Kwh, the more critical the 

cost becomes for decreasing efficiency. Further analysis reveals a 

linear function between the present efficiency of a pumping plant 

and the potential percent of energy savings that can be expected by 

upgrading the system to a higher overall efficiency, see Fig. 10. 

Many of the pumping plant installations tested during this study 

involved two pumps in series, i.e., a primary pump used to lift 
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underground water to the surface and a booster pump used to provide 

addi t ional head to operate spri nk ler systems. Two tests were 

conducted on this type of installation. One was conducted when both 

the primary and booster pumps were operating , and the second with 

only the primary pump. With these two tests, it was possible to 

determine which pump might have been contributing most to the overall 

plant inefficiency. In the following analysis of the pumping plant 

efficiency results, only the overall (primary and booster) pumping 

plant efficiencies are examined in order to eliminate redundancies. 

Results.--Pump testing results show that the Ogden, Southern, 

and Telluride divisions have lower pumping efficiencies ranging on 

the average from 54% to 57%, whereas, the Rexburg and Preston 

divisions have higher efficiencies averaging 62% to 63%. 

The distribution of individual pumping plant efficiencies for 

all divisions of U.P.& L. are shown in Table 5, based on the sample 

of pumps tested during 1977. As shown, 4% of all pumps tested had 

efficiencies of 40% or less, and 10% of all pumps tested had 

efficiencies of 45% or less, etc . It is interesting to note that 19% 

of the pumping plants tested had efficiencies greater than 65%. 

This emphasizes t hat realistically, pumping plant installations can 

be upgraded to at least a 65% efficiency and this should be an 

absolute minimum for new installations of 20 hp and above . 

Column 3 shows the percent of potential energy savings that 

can be expected by upgrading the given pumping plant efficiencies to 

65%. Fig. 10 can be used to obtain these values. 



TA8LE 5.--Distribution of Individual Pumping Plant Efficiencies and Economic Effect of Improving All 
Pumps in the Utah Power and Light Service Area, Based on the Sample of Pumps Tested During 1977. 

Percent of Potentia 1 
Pumps Reduced Potential 

Tested Given Percent Potentia 1 Variable Deferred Potentia 1 
Less Than Pumping Potential Potentia 1 Potential kwh Operating Capita 1 Net 

Given Plant Energy Kwh kw Demand Revenue Expenses Expense Marginal 
Efficiency Efficiency Savings Reductions Reductions Reductions (Fuel + O&M) Reductions Benefit 

(1) (2) ( 3) (4) (5) (6) (7) (8) (9) 

4 40 39.4 12,977,000 4,950 234,000 117,000 652,000 535,000 

10 45 31.8 39,180,000 14,940 705,000 353,000 1, 967,000 1,615,000 

21 50* 24.2 81,104,000 30,920 1 ,460,000 730,000 4,071 ,000 3,341,000 

32 55 16.7 125,025 ,000 47,670 2,250,000 1,125,000 6,277,000 5,152,000 

58 60 9.1 168,447,000 64,220 3,032,000 1,516,000 8,456,000 6,940,000 

81 65 1.5 178,554,000 68,080 3,214,000 1 ,607,000 8,964,000 7,357,000 

* Probable operating efficiency where irrigators could economically justify upgrading pumping plant 
efficiencies to 65%. 

<.n 
0 
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Column 4 represents the kilowatt-hour reductions that would 

occur for U. P.& L. during 18 months if all pumping plants operating 

at or below the efficiency given in Column 2 were upgraded to 65%. 

Column 4 is somewhat conservative since all of the pumping plants 

in each category were assumed to be operating at the stated efficiency. 

For example, the pumping plants operating between 40% and 45% 

efficiency were all assumed to be operating at 45% efficiency. 

Column 5 estimates the kilowatt demand reduction based upon an 

annual weighted average plant operation time of 3115 hours in Utah 

and 1546 hours in Idaho . These figures were obtained from averaging 

U.P.& L. billing records. This column was calculated assuming that 

kilowatt demand reduction occurs from upgrading pumping plant 

efficiency either by decreasing the power demand required by the pump 

installation or by decreasing the pumping time required for each 

irrigation. 

In column 6, the revenue reduction from decreased kwh sales 

during the first 18 months is calculated by multiplying the kwh 

reduction in column 4 by a price per kwh of $.018, which is estimated 

from the company's irrigation rate schedules. Any kwh reductions 

will result in reduced sales in the less expensive blocks of the 

declining energy rate structure . The reduction in expenses such as 

fuel, operation, and maintenance costs due to decreased kwh sales 

is shown in Column 7. U.P.& L. attributes approximately $.009 per 

kwh to these expenses (17). 

The reduction in capital expenditures for new generation is 

shown in column 8 based upon a cost of $650.000 per kilowatt (17). 
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This column considers the savings which could be realized by deferring 

expenses for 18 months if this capital were invested at a 20% fixed 

cost with an anticipated 9% rate of inflation. Again, this figure 

is conservative since the cost of new transmission and distribution 

facilities is not included. 

Column 9 of Table 5 shows the net marginal benefit between 

reduced reve nue due to the decrease in kwh sa les and the savings in 

capital expenditures that can be deferred for the first 18 months 

due to the reduction in kilowatt demand. 

It can be seen that if all irrigators brought their pumping 

plant efficiencies up to 65%, the company would realize a benefit of 

about $7,357,000 the first 18 months or about $4 ,905,000 annually at 

1977 power rates. However, for all practical purposes, this is not 

feasible since it is uneconomical for many irrigators to upgrade 

their plants. 

Although an individual economical analysis must be made for each 

pumping plant, estimates reveal that most irrigators with pumping 

plants operating at or below 50% efficiency could economically justify 

upgrading their plants. This figure may be slightly conservative, 

but as power rates continue to rise, the efficiency at which it 

becomes economical to upgrade a given pumping plant will also rise in 

an exponential manner as shown in Fig. 9. Therefore, at a pumping 

plant efficiency of 50% or less, 21% of the company's irrigators might 

be economically induced to upgrade their pumping plants. This would 

result in savings of about $3,341,000 for the company the first 18 

months or about $2,227,000 annually, and savings of about $1,460,000 
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the first 18 months or about $973 ,000 annually for irrigation 

customers. This type of analysis suggests that U.P.& L. would 

economically benefit from any kind of reduction in irrigation load 

since their rate of return for this service is unfavorable. 

It is very important to realize that the figures presented in 

Table 5 assume that all pumping plants could have been tested and 

upgraded before the 1977 irrigation season. This is not practical 

by any means, therefore the financial benefits shown in column 8 

would be spread over several years during which the program functioned. 

Discussion.--Since the irrigators who volunteered to participate 

in the pump testing study were probably more conscientious about 

maintenance than many irrigators, the pump efficiency results may 

not reflect a true picture of the potential problems associated with 

each division. Consequently, the pump efficiencies generated in 

this study are likPly to be higher than avera qe since pumping plant 

efficiency can be directly related to the quality and quantity of 

service maintenance provided by the i rri gator. It is difficult if 

not impossible to determine the extent of the difference attributable 

to this incongruity. 

There are many reasons why pumping efficiencies may be sub­

standard. The first possibility is that the pumping plant was poorly 

designed or installed. This appeared to be the case for several 

pumps tested. Only a pump test made immediately after installation 

could disclose this problem. There was much evidence that wells were 

not properly developed and, consequently the sand which is normally 

removed during well development was excessively eroding impeller 



54 

blades which decreased efficiency. Solution to these problems 

required educational training since most farmers and some pump 

dealers are not familiar with the development of irrigation we l ls 

and the technicalities of pumping plant system design and se l ecti on . 

At today's costs for well drilling, irrigation equipment, and opera­

tion, capital investments are lifetime expenditures and farmers 

cannot afford to patronize inferior service or equipment. 

In the Benson area of the Preston division and the Tremonton area 

of the Ogden division, many of the pumps are centrifugal pumps which 

utilize water from rivers or unlined canals. This water i s particu­

larly silty and deteriorates impeller blades much like sand, and in 

turn, lowers the pump efficiency. 

As previously noted, even if a farmer is provided an ef f icient 

pumping plant installation, poor maintenance and no serv i ce adjust ­

ments wi l l soon result in low efficiencies. 

Air bubbles were seen in the discharge water from severa l pumps , 

and may have been introduced into the system by several differen t 

processes. For instance, in the Milford area of the Tel l uride 

division, many of the older wells have casings which were perforated 

above the predominate water bearing aquifer. This resul t s i n 

"cascading water," i.e., water that falls from a perched aquifer to 

t he normal pumping level. This falling water entrains ai r and t he 

bubbl es are drawn i nto the impe ll er. Another undesirable effect 

from shal l ow cas i ng perforations is the lower quality of water which 

flows into the wel l nearer to the surface. 

Falling water can al so be generated when co lumn pipes r us t and 
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deteriorate above the pumping level, allowing some of the pumped 

water to fall back into the well. Another process by which air was 

introduced into the impeller occurred when the normal water table 

dropped near the intake of the column and air and water were 

alternately sucked into the impeller, breaking pump suction. This 

problem was encountered in the Santaquin area of the Southern 

division and if the water table continues to drop in this region, 

flowrates will continue to drop off until many pumps will cease to 

pump altogether unless the columns are extended and the bowls lowered. 

These air bubbles are undesirable because as they move into the 

higher pressure regions of the impeller, they suddenly collapse and 

cause a phenomena similar to cavitation. The implosion which occurs 

during cavitation can be so violent that it eats away the impeller 

blades. 

Another common reason for low efficiencies was the addition of 

a booster pump or other hydraulic alteration in the original system. 

These alterations changed the head from that for which the pumping 

plant was designed and, therefore may have lowered the pumping plant 

efficiency. This was one of the major contributions to low pumping 

plant efficiencies as cited by Longenbaugh (19). As sprinkler 

irrigation systems are becoming more popular, many of the older 

irrigation pumps used for surface irrigation are being converted for 

use with sprinkle systems with the addition of booster pumps. Such 

hydraulic alteration, adding valves, or changing pipe sizes may reduce 

the efficiency of the original system considerably. 
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On many systems, throttling valves were used to operate pumping 

plants at different flowrates, such as for running different numbers 

of sprinkler lateral lines. In such situations, a throttling valve 

controls flow by creating an artificial increase in the discharge 

head. These throttling valves were used to dissipate energy not 

required to operate the system, thereby wasting power. Along with 

this hydraulic loss, there is another energy loss associated with 

valve control. As flow decreases below the design point on the H-Q 

curve, pump efficiency also decreases causing an additional waste of 

power. This is what can happen for any hydraulic alteration. For many 

systems of this kind, variable frequency drives may help conserve 

considerable amounts of energy (9). 

The Rexburg and Northern Preston divisions had pumps with higher 

efficiencies mainly because most of the plants are larger and newer. 

Larger pumping plants are usually more efficient because they are 

built to meet better tolerances. Also, newer systems should be 

expected to be more efficient since improved technology and engineer­

ing advancements have provided greater efficiencies in hydraulic 

design. It is also possible that pump dealers and well testers are 

mo re conscientious or proficient in Idaho. 

In summary, it appears that implementation of a pump testing 

program in the U.P.& L. Co. may reduce kwh sales for irrigation by 

about 10% and reduce kw demand for irrigation by 6%. Overall, this 

would result in 0.5% reduction in total kwh sales and a 1. 6% 

reduction in total kw demand for the company. This would affect the 

1977 load-duration curve as shown in Fig. 11 . Economically, it would 



57 

•oor.·~·--~~--~·n·~-~~~~"~~~~t'~'~:-~~~-~~~~~~~~=±· =-~~~ 
. ! : : .. I --+-: ::.._;_· ' 1--'.--:-4:-: ~.:..:.c:"i-:-4::: :..:::: :-::.j..--..:-4-='-H 

300 -1 . . . . . .. I :· ·r· .. ·:· 
2oo~- · --' ,... - -,-L...:. .. :~--- :.._. ~-'_:-_. -.. -- '

1 

•. ---- ... :.1r--·. ·-:+-:--:+-'::-':1::::'::::+-:::::t:-H . . .. I ~ I ~: r=:: . 
100·!---+--......L.-f---+-l I , ---+---J--,+--+:.:. __ :.:. __ j.:. __ "" __ "-~, ____.: __ +--'--1 

00 

Duration (Thousands of Hours) 

FIG. 11.--1977 Load-Duration Curve for the Utah Power & Light Company 
with Implementation of Pump Testing Program Based Upon the Sample of 
Pumps Tested in 1977 if Pumps with Efficiencies of 50% and Less Were 
Upgraded. 
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appear that both U.P.& L. and their irrigation customers would 

benefit financially from a program which improved irrigation pumping 

plant efficiencies. 

Irrigation Water Management 

The irrigation efficiencies could not be calculated for all of 

the pumps tested in determining pump efficiencies since many pumps 

irrigated fields which supplied only a portion of the total seasonal 

irrigation. 

The net seasonal evapotranspiration requirements were determined 

through the use of the Soil Conservation Service's Irrigation Guides 

in both Utah and Idaho. The Modified Blaney Criddle Formula was used 

to develop these guides and the present consensus of many reputable 

irrigation experts is that evapotranspiration estimates for alfalfa 

using this equation may be substantially higher than those actually 

occurring. Therefore, there may be greater error introduced into the 

computation of the irrigation efficiency at those fields growing 

alfalfa. 

Results.--Although the sampling of irrigation efficiencies is 

rather small, the results indicate definite trends associated with 

the irrigation efficiencies in each division. Higher irrigation 

efficiencies appear to prevail throughout the Rexburg, Ogden, and 

southern Preston divisions, while lower irrigation efficiencies seem 

to be associated with the northern Preston, Southern, and Telluride 

divisions. 
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Discussion.--If irrigation water management proves to be as 

successful as the initial re sults obtained in t he Nebraska irri gation 

scheduling programs, irrigators might easily expect to save at least 

15% of the water and energy presently being used if such a program 

could be provided to them. 

A 15% reduction in irrigation energy consumption due to 

implementation of an irrigation water management program would affect 

the 1977 load-duration curve as shown in Fig. 12 . Again, this would 

reduce both the kwh sales and also the kw pea k demand . 

Irrigation Load Management 

The pilot program in irrigation load management was used to help 

determine if scheduled irrigation could appreciably reduce system 

peak demand . . 

An analysis of the summer system demand for U.P.& L. revealed 

a period of lower demand between about 4:00 a.m. and 9:00 a .m. for 

every day of the week and a period of higher demand between about 

11:00 a.m. and 7:00p .m. for every day of the week except Sundays, 

which had more or less a continuous demand throughout this same period. 

Analys i s of the Smith Substation in the Rexburg division showed that 

demand for this substation followed total system demand very cl osely. 

Results . --With only part of the irrigators participating, daily 

peak demand was reduced 14% on the Smith Substation. This represented 

about 1.65 Mw in demand. With all irrigators participating on a 

mandatory basis, it was felt that dai ly peak demand coul d be reduced 

by as much as 25% (16) . 



60 

Duration (Thousands of Hours) 

FIG. 12.--Effect of Irrigation Water Management Program on the 1977 
Load-Duration Curve for U.P.& L. with Estimated Energy Savings of 15%. 
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Discussion.--The irrigation load management pilot program did 

not include all of the irrigators on the Smith Substation, and those 

that did participate, did so only on a voluntary basis. Approximately 

30 irrigation accounts were involved with the program (16). 

If 25% of the demand due to irrigation could be eliminated 

throughout Utah and Idaho, this would represent a demand reduction 

of about 155 Mw on the U.P.& L. system. 

Since Idaho irrigators only operate on the average of about 1550 

hours annually, these irrigation systems would lend themselves much 

more readily to a direct control irrigation load managemen t program 

than irrigation systems in Utah which operate around 3100 hours 

annually. The popularity of center-pivot systems in Idaho is probably 

the reason for this difference. Center-pivot systems are actually the 

most versatile systems to subject to load scheduling. Thus, it would 

be much more realistic to involve only Idaho irrigators in a direct 

control load management program. Utah irrigators might be encouraged 

to support some kind of indirect control load management program. 

If 25% of the demand due to irrigation in Idaho could be 

eliminated, this would represent a demand reduction of about 115 Mw 

on the U.P.& L. system. From the experience obtained in the Nebraska 

irrigation load management programs, it appears that irrigators might 

be shut down for about 20 days or less annually. Therefore, an 

irrigation load management program in Idaho might expect to reduce 

kwh consumption by about 3,000,000 kwh, which would reduce U.P.& L. 

revenue by about $98,000 during the first year and a half. However, 

this assumes that irrigators would not otherwise irrigate at all during 

off peak periods to make up for the time shut down. 
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The 115 Mw reduction in demand would save U.P.& L. approximately 

$4,746,000 during the first year and a half due to deferred capital 

expenditures for new generation. This would amount to a gross 

marginal sa vings of $4,649,000 during the first year and a half. The 

cost of equipment, installation, and operation must be deducted from 

this amount to determine the net savings over the operational 1 ifetime 

of the program . 

Fig. 13 shows the effect on the U.P.& L. 1977 load-duration 

curve for the implementation of an irri _gation load management program 

in Idaho with direct control. Implementation of direct control 

irrigation load management programs in Utah would produce an even more 

desirable load-duration curve, but this does not appear to be as 

feasible. Since the irrigation loads in Utah are more spread out, the 

cost/benefit ratio of expensive control equipment to the load 

controlled would greatly increase. 

In surrmary, there appears to be substantial savings for U.P.& L. 

through implementation of an irrigation load management program, but 

due to the characteristics of the Utah and Idaho irrigation systems, 

Idaho irrigation loads have a much greater potential for direct 

control, and Utah irrigation loads would be more suitable for indirect 

control. 

Inequities.--It appears there would be major problems created in 

offering special rates to irrigators who would subject themselves to 

irrigation load management due to the difference in the nature of the 

designs of various systems. 
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Fig. 13.--Effect of Irrigation Load Management on the 1977 Load 
Duration Curve for U.P.& L. if Irrigation Load Management is 
Implemented in Idaho. 
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Well designed irrigation systems will meet the exact water 

requirements of a crop during the peak consumptive-use period and will 

need to operate continuously during this period. Because these 

systems are not oversized, they will not create unnecessary Kw demand 

over the minimum requirement. However, these systems will not lend 

themselves to off-peak scheduling and will therefore, be penalized 

although their design promotes the more favorable effect of minimum 

kw demand. 

On the other hand, oversized systems create excessive kw demand 

for the company, but they lend themselves well to off-peak scheduling 

and would receive the benefits of a special rate. 

Another inequity would result among irrigators who pump water 

from an uncontrolled source such as a private well or reservoir and 

irrigators who are limited to pumping from canals, pipelines or 

reservoirs during regulated intervals, as often practiced by 

irrigation companies. The latter situation may not allow an 

irrigator the flexibility to participate in the load management 

program, again penalizing the irrigator with the higher rate schedule. 

If special rate structures are to be incorporated into an 

irrigation load management program, these inconsistencies must be 

resolved. 

Although an energy load management program appears to offer 

U.P . & L. the most direct means to reduce peak demand due to irrigation, 

programs in pump testing and irrigation water management will also 

economically benefit U. P.& L. in two ways. First, by reducing 

irrigation kwh consumption. Since U.P.& L. receives a lower rate of 
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return on investment for irrigation, they will benefit by selling 

irrigation kwh's to some other class of customer at a higher rate of 

return. Secondly, U.P.& L. would also realize some kw demand 

reductions from these two programs. Although kw demands usually 

increasesas efficiency is increased, more water would be pumped and 

pumps could be shut down for longer periods of time. This would 

actually decrease the overall kw demand due to irrigation. 

An effective program in irrigation load management must 

incorporate, to some extent, some of the data obtained from an 

irrigation water management program; and a sound irrigation water 

management program must incorporate some of the data obtained in a 

pump test. Consequently, these programs are by no means independent. 
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CONCLUSIONS 

There appears to be significant potential for energy conservation 

through implementation of energy management programs in pump testing 

and irrigation water management for the U.P.& L. Co. These two 

programs could potentially save irrigators at least 35% of the energy 

presently being consumed for irrigation. The economic benefits for 

the utility are also very favorable. With inflating costs for new 

generation, transmission, distribution and the increasing cost of 

capital, these programs will become even more appealing in the future. 

If U. P.& L. cannot justify the costs incurred through implementing 

pump testing and irrigation water management programs, it appears that 

there may be potential for enough energy savings to promote interest 

in commercial programs within private enterprise. 

In addition to this, an irrigation load management program 

appears to offer U.P.& L. substantial economic benefits which might 

also be passed on to the irrigator. Unfortunately, irrigation load 

management essentially conserves no energy . 

The probable combined effect of implementing programs in pump 

testing, irrigation water management, and irrigation load management 

is shown by the dashed line of the load-duration curve in Fig. 14. 
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FIG . 14.--Probable Corrbined Effect of Implementing Programs in Pump 
Testing, Irrigation Water Management and Irrigation Load Management 
on the 1977 U.P . & L. Load-Duration Curve. 



68 

Presently, there is not suffi cient data available to fully 

evaluate the exact benefits of these programs. It is for this reason 

that estimates on future load growth in planning resource require­

ments should not be based upon favorable results revealed in this 

study . With today's extended periods of power plant siting and 

construction, a utility could easily find itself substantial ly short 

of power, if such projections were overestimated. Already, reductions 

in orders for new generating equipment such as boilers and turbines 

(which take a long time to manufacture) indicate that presently, 

there is not nearly enough generation being added to the country's 

power reserves to meet future load requirements . Many believe that 

there will be significant power shortages by the early 1980's. 

In this perspective, energy management may well be able to 

prolong such predicaments, but if these programs are also used to 

plan resources, the problem may only be compounded. 
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