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SUMMARY 

This report documents research to identify the potential energy savings 
and the costs per kWh saved from using systematic rather than traditional 
irrigation scheduling to reduce water usage in the irrigated agricultural 
sector of the Pacific Northwest. This research is part of an overall project 

aimed at developing a computer model and data base that will allow for 

estimation of the potential energy savings and cost effectiveness of a number 
of conservation technologies that are available for use in irrigated agri­

culture. The project is being sponsored by the Bonneville Power Administration 
(BPA). Division of Conservation Planning. and is intended to aid BPA in its 
overall conservation planning efforts. 

A computer model, known as ISEP (Irrigation Sector Energy Planning), that 

simulates the energy consumption process of irrigation systems and estimates 
the levelized costs of undertaking conservation improvements has been developed 

by Pacific Northwest Laboratory personnel. ISEP is the primary analytical tool 

utilized in this study. The model generates energy savings and cost per kWh 

saved estimates using engineering and economic input parameters for the various 
conservation measures that could be implemented in irrigated agriculture. The 

objective of this report is to provide documentation on the input parameters 
that were provided to the model and the output results that were generated 

for improved irrigation scheduling. 

Only 11 full" scheduling services, where a per-acre charge is assessed for 

continuous soil moisture monitoring and evapotranspiration analysis, were 

analyzed in this study. It is believed that such services, which are usually 

provided by qualified irrigation scheduling consultants, will be the most 
effective means of facilitating more efficient water usage in irrigation. 

Although more field research is needed on the effectiveness of improved 
scheduling in the Pacific Northwest, it is conservatively estimated that the 
use of such scheduling rather than traditional irrigation scheduling can reduce 
farm-level water and energy use by an average of over 20 percent on fields 
irrigated with center-pivot sprinkler irrigation systems and over 10 percent 

on fields irrigated with other types of sprinkler systems. Improved scheduling 

was not found to be effective in reducing water and energy use on gravity flow 
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systems. A representative per-acre charge for improved scheduling is 
approximately six dollars, and cost-sharing arrangements between BPA and 

irrigators could reduce the costs per acre to both parties. 

Various potential technical limits were examined with regard to their 
impact upon the feasibility of using improved irrigation scheduling in specific 
irrigation situations. limiting factors that were studied included the 
periodic delivery of water in surface water supply systems, under capacity of 
groundwater wells, and the lack of control aver water application amounts for 
gravity flow systems. Based on this analysis, it was concluded that there is 
no sound justification for placing any broad technical limits on the 
application of improved scheduling to sprinkler irrigated acres, although such 
limits may apply in a limited number of specific situations. Acres irrigated 
with gravity flow irrigation systems were excluded from the analysis of 

systematic scheduling because of the lack of control of water application 
amounts that is normally associated with these systems. 

Improved scheduling is already being used by a small number of Pacific 
Northwest irrigators. The use of improved scheduling seems to be most 
widespread on acres irrigated with center pivots, on water-sensitive crops, and 
in the major irrigation subregions of the Columbia Basin in Washington, north­
central Oregon, and southern Idaho. All of these factors were incorporated in 

developing estimates of 124,000 acres for center-pivot systems and 200,000 

acres for non-center-pivot sprinkler systems to represent the number of acres 
on which improved scheduling has already been implemented. These acres were 
subtracted from baseline acres in developing energy savings estimates for 
improved irrigation scheduling. 

It is likely that systematic scheduling will be adopted more rapidly on 
water-sensitive crops than on non-water-sensitive crops because improved 
irrigation scheduling on water-sensitive crops can improve crop yields, in 
addition to reducing water and energy use. To account for this, all estimation 
of the costs and energy-savings potential of systematic irrigation scheduling 

was divided into water-sensitive and non-water-sensitive crops. Water-

• 

sensitive crops included potatoes, cor-n, and other miscellaneous crops, while • 
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non-water-sensitive crops were specified as wheat, hay, orchard, and several 
other miscellaneous crops. 

It was assumed in this study that low-pressure irrigation and efficient 
fitting and mainline design had been implemented on all sprinkler irrigation 
systems prior to the use of improved irrigation scheduling. Thus, all of the 
energy savings estimates calculated for improved scheduling are based on an 
application head of 90 feet at the pivot for center-pivot systems and 95 feet 

at the source point for non-center-pivot sprinkler systems. 

Under the generally conservative assumptions used in this study, the study 
results show that approximately 22.2 average MW can be saved by using improved 
scheduling on existing center-pivot acres at an average cost of approximately 
21 mills per kWh saved on groundwater acres and 57 mills on acres irrigated 
with surface water. On existing other sprinkler acres, approximately 25.8 MW 
can be saved at an average cost of approximately 48 mills per kWh saved when 
ground water is used and approximately 126 mills when surface water is used. 

Estimated potential energy savings on new acres were relatively small at 7.6 MW 
for all types of sprinkler-irrigated acres by the year 2003. The estimated 

average costs of obtaining these savings were generally higher than for 
existing acres because the majority of the new acres that are forecast to be 
developed in the next 20 years are expected to be irrigated with surface water. 

The large disparity in cost per kWh saved between groundwater and surface 
water installations is directly related to the larger average pumping lifts of 
groundwater irrigation. The use of improved scheduling on surface water 
installations with large pumping lifts would be equally as cost effective as 
for groundwater installations. The large differences in cost per kWh saved 
between center-pivot and other sprinkler acres is attributable to lower assumed 
effectiveness for improved scheduling on other sprinkler acres. 

Although the costs per kWh saved estimates for improved scheduling appear 
to be relatively high, a substantial proportion of the energy savings from 
improved scheduling can be obtained for much lower costs if the scheduling 
programs are selectively targeted to particular irrigation situations and cost 
sharing arrangements with irrigators are used. For example, over 70 percent of 
the total potential energy savings on existing center-pivot acres could be 
obtained for a cost of 30 mills per kWh saved or less, if BPA's share of the 
cost of the scheduling program was six dollars per acre. In addition, the 
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total potential energy savings estimates developed in this study may 
significantly understate the full energy savings benefits of improved 
irrigation scheduling~ because the indirect energy savings associated with 
reducing water withdrawals from the regional hydroelectric system were not 

incorporated in the analysis. 
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The energy-savings potential and costs per kWh of savings for improved 

irrigation scheduling are evaluated in this study for a cost per acre charged 

for scheduling services of six dollars. A summary of the results of the 

analysis of improved irrigation scheduling on water-sensitive crop acres1 is 
presented in Summary Table 1. The percentage water savings estimates for 

improved scheduling, from which the energy savings estimates presented in 

Summary Table 1 were calculated, ranged from 11 percent on potato acres 
irrigated with other sprinkler systems to 22 percent on corn irrigated with 

center pivots. Compared to many field test results on the effectiveness of 

systematic scheduling, these water savings estimates are conservative. In 

particular, the percentage water savings for improved scheduling on other 

sprinkler systems were evaluated in an extremely conservative manner. Thus, 
the energy savings estimates shown in Summary Tables 1 and 2 should be 
conservatively low, and the cost per kWh saved estimates should be 

conservatively high. 

The results of the analysis of improved irrigation scheduling on non-water­
sensitive crop acres2 are summarized in Summary Table 2. The estimated 
energy-savings potential on non-water-sensitive crop acres is significantly 

higher than the estimated potential on water-sensitive crop acres because of 

the larger number of non-water-sensitive crop acres. On a per-acre basis, the 

energy savings on non-water-sensitive crops will generally be slightly lower 

than for water-sensitive crops, because water application volumes are generally 
lower on non-water-sensitive crops. 

The numbers presented in Summary Tables 1 and 2 are based solely on the 
direct energy savings that could occur at the farm level from improved 

irrigation scheduling. Estimates of the indirect energy savings that could 

1 For purposes of this study, water-sensitive crop acres are defined as 
potatoes, corn and other miscellaneous crops . 

2 For purposes of this study, non-water-sensitive crop acres are defined as 
wheat, hay. orchard and other miscellaneous crops. 
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SUMMARY TABLE 1. Cost per kWh Saved and Energy-Savings Potential for 
Improved Irrigation Scheduling on Water-Sensitive Crops 

Cost ~er kWh Saved (1984 mills) 

Improved Aver•~· A~~m· Range(c) Scheduling Alternative sw a ----

Existing Center-Pivot 58.4 20.6 14.3 - 149.5 
Acres at $6 per Acre 

Existing Other Sprinkler 133.9 47.9 23.5 - 332.7 
Acres at $6 per Acre 

New Center-Pivot 61.6 26.61 23.0 - 75.5 
Acres at $6 per Acre 

New Other Sprinkler 106.7 75.6 31.2 - 174.8 
Acres at $6 per Acre 

(a) Estimated average for all systems using Surface Water. 
(b) Estimated average for all systems using Ground Water. 
(c) Range of estimates across all water sources and subregions. 
(d) Estimated potential for all systems regardless of cost per kWh saved. 

Energt Savings Potential (MW) 
All 

Applications(d) 
30 Mills 

or Less e) 

6.7 5.2 

4.2 0.9 

1.3 0.5 

o. 7 0.03 

{e) Estimated potential for all systems that can be achieved at a cost of 30 mills per kWh saved or less. 
(f) Other Sprinkler includes handmove, sideroll, and solid-set sprinkler systems. 
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SUMMARY TABLE 2. Cost per kWh Saved and Energy-Savings Potential for 
Improved Irrigation Scheduling on Non-Water-Sensitive Crops 

Cost ~er kWh Saved (1984 mills) 
Improved Avefa~e A~~me Range(c) Scheduling Alternative SW a 

Existing Center-Pivot 56.0 21.0 14.8 - 114.0 
Acres at $6 per Acre 

Existing Other Sprinkler 119.5 48.2 24.2- 327.6 
Acres at $6 per Acre 

New Center-Pivot 61.6 30.3 21.5 - 77.5 
Acres at $6 per Acre 

New Other Sprinkler 107.9 61.6 37.5- 163.0 
Acres at $6 per Acre 

·-------

(a) Estimated average for all systems using Surface Water. 
(b) Estimated average for all systems using Ground Water. 
(c) Range of estimates across all water sources and subregions. 
(d) Estimated potential for all systems regardless of cost per kWh saved. 

-~~~~~~~~~Potential (MW) 
All 

~lications(d) 
30 Mills 

or Less e) 

15.5 10.5 

21.6 1.5 

2.1 o. 7 

3.5 0.1 

(e) Estimated potential for all systems that can be achieved at a cost of 30 mills per kWh saved or less. 
(f) Other Sprinkler includes handmove~ sideroll~ and solid-set sprinkler systems. 



occur as a result of reducing water withdrawals from the Pacific Northwest's 

hydroelectric system were not developed in this study. 

Note that for both water-sensitive and non-water-sensitive crops, extreme 

variation is present in the cost per kWh saved estimates for systematic 

irrigation scheduling across water sources and subregions. This variation 

occurs for two reasons: 1) differences in total dynamic head requirements 

among subregions, water sources, and irrigation application systems; and 

2) differences in water application volumes among subregions and irrigation 

application systems. The generally higher average lift requirements for 

groundwater irrigation translate into higher total dynamic head requirements. 
Thus, the cost per kWh saved estimates for improved irrigation when ground 

water is used are significantly lower than those of surface water 

installations. Higher water application volume requirements for irrigated crop 

production imply higher absolute levels of water and energy savings from 

improved irrigation scheduling. Thus, the cost per kWh saved estimates for 

high evapotranspiration subregions in the Columbia Basin area of Washington, 

north-central Oregon and southern Idaho are lower than for other subregions. 

The variations in cost per kWh saved estimates for improved irrigation 

scheduling imply that programs to promote improved scheduling should be 

selectively targeted to specific irrigation situations. In general, the 

situations where such programs will prove to be the most cost effective from a 

direct energy savings standpoint are those on high pumping lift installations 

in the major irrigation subregions. The costs per kWh saved for systematic 

scheduling will normally be less than 30 mills on sprinkler irrigation systems 

located-in the major irrigation subregions that have pumping lifts exceeding 

190 feet. 

A substantial proportion of the total energy savings available from 

improved irrigation schedullng on center-pivot acres can be obtained for a cost 

of 30 mills per kWh saved or less, because those pumping installations which 

offer the potential for relatively low costs per kWh of savings also have the 

highest gross energy-savings potential. For example, the information presented 

0 

in Summary Table 1 illustrates that approximately 78 percent of the potential • 

energy savings on existing center-pivot water-sensitive crop acres could be 
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obtained for a cost of 30 mills per kWh saved or less for scheduling services 
costing six dollars per acre. 

The benefits of improved scheduling will have to be thoroughly 
demonstrated through field testing before irrigators are willing to participate 

on a widespread basis in improved scheduling programs. In addition, because 

improved irrigation scheduling is primarily a labor- and knowledge-intensive 
conservation measure, it is believed that the rate of market penetration for 
improved scheduling will be significantly slower than for the "hardware"-based 
measures such as low-pressure irrigation . 

Based on conversations with those experienced in operating improved 
scheduling services and an examination of the literature on scheduling, it is 

concluded that the most important element of an effective water management 
service is the knowledge and commitment of the individuals who direct and 

operate the service. For this reason, it is believed that scheduling methods 

that involve less than "full scheduling services"3 will generally not be as 
effective in reducing water/energy usage in the irrigation sector as will "full 
service" programs. At this time, it appears that the most feasible method of 
developing such full scheduling services is through the use of qualified 
individual consultants who have the knowledge and incentives to effectively 
perform the scheduling activities. 

RECOt'MENOATIONS 

Based upon the findings developed during this study, it is recommended 

that the following activities related to improved irrigation scheduling be 
considered: 

o development of field demonstration programs for improved scheduling 
services in the major irrigation areas of the Pacific Northwest, 
including provisions for detailed statistical analyses of the water 

3 11 Full scheduling services 11 involve, at a m1n1mum, weekly or more frequent 
soil moisture-level monitoring during the growing season and the use of an 
evapotranspiration model of some type to analyze the timing and amounts of 
irrigations. 

xi 



use and crop yields of improved scheduling versus traditional 
scheduling 

o development of estimates of the indirect energy savings that could 
occur through improved scheduling as a result of reductions in water 
withdrawals from the hydroelectric system. 

The demonstration programs identified in the first recommendation would 
provide a method of field testing the effectiveness of improved scheduling and 

would facilitate awareness of improved scheduling by irrigators. More 
extensive programs to provide scheduling services could be built from the 

demonstration programs at a later date. 
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1.0 INTRODUCTION 

Conservation was forecast to be the primary source of power for meeting the 

demands of the Pacific Northwest in a plan recently adopted by the Pacific 
Northwest Power Planning Council. Conservation in the irrigated agriculture 
sector was incorporated as an important component of the overall conservation 
effort in the Council's plan. 

The Bonneville Power Administration (BPA) is expected to play a major role 
in the implementation of conservation programs in the region. In keeping with 
this role, BPA contracted with Pacific Northwest Laboratory to perform 
additional research on conservation in the irrigated agriculture sector. This 

report is the third in a series of four that will address the costs and energy­
savings potential of various conservation measures that could be used to reduce 
the energy used by irrigators in watering their crops. 

In conjuction with its planning efforts, BPA required that specific 
information on the energy-savings potential (in average megawatts} and the 
cost per kilowatt-hour saved be developed for each conservation measure 
selected for analysis. To aid in this effort, a computer model of the 
irrigation energy consumption process, known as the Irrigation Sector Energy 

Planning ( ISEP) Model, was developed by PNL personnel. The purpose of this 

report is to provide information on the input data provided to the ISEP model 
and the output results obtained from the model for a conservation measure 
defined as 11 improved irrigation scheduling ... 

Improved irrigation scheduling involves the use of systematic soil moisture 
and weather monitoring to determine the current and short-term future position 
of a crop with regard to the moisture level in the soil profile. The soil 
moisture and weather data are then used to scientifically determine the timing 
and amounts of irrigation applications. This measure has the potential to 

reduce the energy used in irrigation by reducing irrigation water use. Water 
that is not used is water that does not have to be pumped, and studies have 
shown that irrigators using traditional scheduling methods generally tend to 
apply more water than is required to support optimum crop growth • 

The analysis of the energy-savings potential of improved irrigation 
scheduling presented in this report is limited to "direct 11 farm-level energy 
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savings. The potential for 11 indirect" energy savings from increasing the 
amount of water available to generate power in the Pacific Northwest's 
hydroelectric system by using improved irrigation scheduling also exists. The 

analysis of indirect energy-savings potential is very complex, however, and is 
deferred for future study. 

The report is divided into six chapters. In Chapter 2.0, the technical 
characterisitics of some methods of improved irrigation scheduling are briefly 

described. Chapter 3.0 identifies the specific types of improved scheduling 
alternatives that were chosen for use in the analysis, describes the 
water/energy savings input data that were used in analyzing each alternative, 
and identifies some potential benefits of improved scheduling that were not 
incorporated in this study. In Chapter 4.0, input data on the costs per acre 
for improved irrigation scheduling are described. Chapter 5.0 describes the 
technical limitations that may hinder the use of improved irrigation scheduling 

and provides information on the amount of conservation that may have already 
been achieved through the use of such scheduling. Finally, the report 

concludes with a description of the potential energy savings estimates and cost 
per kWh saved estimates that were obtained in the study. 

1.2 
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2.0 TECHNOLOGY DESCRIPTION 

Energy consumption for irrigating crops is directly correlated with the 
amount of water applied. In some cases, water application volumes may exceed 
what the crop and the soil can beneficially use. Improved irrigation 
scheduling can increase the efficiency of water use by reducing this 
unnecessary water application • 

Scheduling methods vary greatly in complexity and costs, but shared prob­
lems include the monitoring of soil moisture content, assessment of weather 
conditions, estimation of water requirements for a crop and field, and interpre­
tation of data. In theory, a scheduling method should incorporate all the 
factors shown in Figure 2.1. In this chapter, a range of techniques that could 
potentially help farmers make informed water management decisions will be 
discussed. This discussion will facilitate an understanding of the specific 
scheduling alternatives that were selected for use in this study. 

2.1 MONITORING SOIL MOISTURE CONTENT 

The amount of moisture available to crops is a fundamental information 
requirement for optimal irrigation scheduling. Moisture applied in excess of 

MINIMUM-MAXIMUM TEMPERATIJRE 
DEW POINT 

WIND 
SOLAR RADIATION 

RAINFALL 
EMERGENCE DATE 

CROP COVER 
DAILY EVAPORATION, TRANSPIRATION 

CROP COEmCIENT 
LATEST IRRIGATION 

IRRIGATION EmCIENCY 
DEEP PERCOLATION 

WATER HOLDING CAPAC11Y 
ROOT ZONE 

SOIL TYPE 

CJCJCC 
c;, c;, c c 
c:J 0 CJ CJ 
CJCJCJC 
CJCJCJC 

CJ 

SCHEDULE FOR 
IRRIGATING CROPS 

- ATMAXDWM 
ENERGY AND WATER-USE 
EFFICIENCY 
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the holding capacity of the soil is lost to crops, but crops may be permanently 
harmed if not enough water is available. The advantages and limitations to 
several techniques of measuring soil moisture content and availability will be 
discussed in this section. 

2.1.1 Feel Method Using Soil Probe or Auger 

The so-called .. feel .. method for determining soil moisture content involves 

deciding how much moisture is available in the soil on the basis of how a soil 
sample feels. A soil probe or auger can be used to collect a sample from the 
field. An experienced person can then estimate whether available moisture is 
adequate by interpreting clumping and other soil characteristics. According to 
some experts, the 11 feel .. method can be accurate 90 percent of the time when 
used by experienced personnel (Crop Care Associates 1983). 

2.1.2 Use of an Evaporation Pan 

Evaporation measuring devices can be used in com~ination with crop 
consumptive water use data to estimate soil water losses. Evaporation pans 

installed under a sprinkler in the field can inexpensively indicate how much 

the level of usable moisture has changed since the last irrigation. More 

complicated evaporation equipment, such as Belani plate atmometers, may also be 
used. It is advisable to periodically check moisture content with a soil probe 
in conjunction with evaporation monitoring, because the technique assumes 
irrigations to field capacity (Sprinkler Irrigation Association 1975). 

2.1.3 Gypsum Blocks or Resistance Blocks 

The proportion of soil moisture available to plants depends not only on 
the quantity of moisture in the soil, but also on other factors influencing 
soil tension. Water availability may be affected significantly by contri­
butions to osmotic pressure from dissolved salts and by how tightly soil 
moisture is held around soil particles. Electrical resistance blocks 

indirectly measure soil moisture tension and therefore account for factors 
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affecting the availability of soil moisture nat captured by volumetric 
measurements. 

Electrical resistance blocks are generally made out of porous gypsum. Two 
wires imbedded in the blocks conduct electricity in proportion to the moisture 
content of the blocks, which is in turn proportional to the soil moisture 

tension where the blocks are buried (Sprinkler Irrigation Association 1975, 
Crop Care Associates 1983). Gypsum block readings are generally taken by 

portable conductance meters sold with the blocks. Gypsum blocks do not perform 
well in coarse-textured soils (Fischbach 1980a), may not give accurate readings 
where soil salinity is high (Crop Care Associates 1983), and can disintegrate 
under some alkaline conditions. 

2.1.4 Tensiometers 

A typical tensiometer has a hollow ceramic tip at the root-zone end 

attached by a closed tube to a measuring device at ground level. Water can be 

drawn from or into the tube by the surrounding soil. The internal pressure of 
a tensiometer simulates the osmotic pressure experienced by roots in drawing 
moisture from soil. 

Tensiometers have been used at sites in Idaho (Wilton 1983) and Nebraska 
(Fishbach 1980b} to monitor moisture depletion and replenishment. Tensiometers 
do not require calibration, can measure moisture tensions from over wide ranges 
and may be connected to controllers for automatic irrigation systems (Sprinkler 

Irrigation Association 1975). They have been found to work satisfactorily in 

sandy soils where gypsum blocks cannot be used (Fishbach 1980b}. However, 
tensiometers require frequent readings and servicing for good results (Wilton 
1983} and are not easily moved from one field to another. 

2.1.5 Microwave Techniques 

, According to Dr. Thomas Schmugge, NASA Goddard Space Flight Center, 
microwave observations of soil moisture can be made using both active 

(infrared) and passive (radiometric) techniques. However, current research 
indicates that direct observation of soil moisture is possible only to depths 
of two to five centimeters. Thus, according to Dr. Schmugge, the use of 
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microwave observations to support irrigation scheduling in the United States is 

not likely in the near future. 

2.1.6 Neutron Probe 

Electronic instruments that use neutron measurements to indicate soil 
moisture content are conmercially available. A radioactive substance emits 
fast neutrons in the probe of a neutron instrument. Slow neutrons, created by 

the collision of these fast neutrons with hydrogen in soil moisture, are 
detected by a device built into the probe. A counting instrument records the 
rate of slow neutron detection. 

To measure soil moisture, the neutron probe is lowered to the desired 

measurement depth in the ground. The counter reading is converted to soil 
moisture content from calibration curves specific to the instrument used 
(Sprinkler Irrigation Association 1975). Neutron probe procedures can provide 
a successful basis for field-specific corrections of errors in computerized 

scheduling models (Buchheim and Ploss 1977). 

The neutron probe and counter indicate percent moisture by volume and not 
moisture availability. The same probe can be used for soil moisture measure­

ments in numerous locations, although measurements in a given field are taken 

at the same site each time. In the continuous commercial use of neutron 
probes, precautions should be taken to minimize the radiation exposure of field 
personne 1. 

2.2 WEATHER MONITORING 

In theory, irrigation scheduling decisions should incorporate data on past 
and predicted weather patterns. Weather monitoring methods vary from basic 
observations of precipitation to complicated automated real-time data networks 
that track wind speed and direction, air temperature, humidity, solar 

radiation, soil temperature, and precipitation (Rosenberg et al. 1983). In 
practice, constraints on the collection and interpretation of refined real-time 

weather data can limit their use. 

Historical climate information is often incorporated into consumptive 
water use data. Actual and forecast weather conditions can then be used to 
revise previous estimates of evapotranspirative water use (Sprinkler Irrigation 
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Association 1975, Crop Care Associates 1983). Anticipated water requirements 
in approaching weeks can be estimated from the historical probability of 
various weather conditions occurring in the region. Weather forecast data can 
be incorporated into the decision-making process on the order of days in 
advance. 

A complex evapotranspiration model is more useful than more approximate 
models only if sufficiently refined data are available for use in the model. 

Conversely~ it is not useful for purposes of improved irrigation management to 
measure all pertinent environmental data hourly unless a complex evapo­
transpiration model is available. In a Nebraska evaluation of the use of 
climate data for improved irrigation management, it was concluded that hourly 
environmental data improves daily evapotranspiration estimates with a fairly 
complex model while such data do not affect results of simpler models 
(Rosenberg et al. 1983). 

The Nebraska program for the use of climate information to support 

irrigation scheduling seems to demonstrate that a high degree of automation in 

data collection and transfer~ and a strong commitment by organizations 
associated with the efforts, will improve some evapotranspiration modeling 
results. In the Nebraska study, variations in the net application of water by 

center pivots were significantly reduced by adjustments in the speed of pivot 
rotation based on hourly weather data (Rosenberg et al. 1983). According to 
Dr. Jim Koss, of the Statistical Climatology Branch at the National Oceanic and 
Atmospheric Administration, the automated weather data networks seem to 

successfully provide weather data earlier than climate information can be 
published by the National Climatic Data Centers and in forms unavailable 
through the National Weather Service alone. 

2.3 CROP NEEDS AND OTHER FACTORS TO CONSIDER IN IRRIGATION SCHEDULING 

Because the goal of improved irrigation scheduling is to improve the 
efficiency of water use, it is important to clearly identify the factors that 
determine the correct scheduling of irrigation water applications. These 
factors are briefly discussed below. 
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2.3.1 Stage of Crop Growth 

The stage of crop growth influences the required timing and amounts of 
irrigation applications by affecting both the consumptive water use and the 

amount of evapotranspiration that occurs. Generally~ crops have higher levels 
of consumptive water use when their root systems are fully developed than 
during germination. However, full crop cover can reduce the amount of 
evapotranspiration that occurs from the soil. This effect is somewhat offset 
by the reduction in water penetration that occurs under conditions of full crop 
cover. The inability to correctly account for the impacts of the stage of crop 
growth on water requirements appears to be a major problem with the traditional 
scheduling methods used by many farmers. After studying irrigation scheduling 

patterns in Oregon for 25 years, it was generally concluded that farmers 
underwater in the peak summer period and overwater early and late in the 

growing season. 1 

2.3.2 Crop Type 

The amounts of irrigation water needed by specific crops in various soils 
are published as consumptive use data by various branches of the Department of 
Agriculture. These data, which generally are available as irrigation guides 

from local branches of the Soil Conservation Service, can be important inputs 
in evapotranspiration modeling. In general, crop yields may suffer if deple­
tion of total available moisture in the effective root zone exceeds 50 percent 

of field capacity (Sprinkler Irrigation Association 1975). However, both the 
occurrence and the impacts of soil moisture depletion are highly dependent on 
the type of crop being grown. 

0 

Crop irrigation needs can be monitored to some extent through field 
detection of plant stress. For example, bean plants may indicate watering 
needs by changing color before other adverse effects occur. However, visible 
plant stress generally indicates that yields or quality have already been 

1 Personal communication with Marvin Schearer, Department of Agricultural 
Engineering, Oregon State University, March 1984. 
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adversely affected by water limitations, and the signs of moisture stress will 

differ from one crop to another. Infrared photography may aid in the detection 
of plant stress and is sometimes used by commercial scheduling services to 
supplement other information on crop requirements (Jensen 1978). 

2.3.3 Leaching Requirements 

Irrigation requirements include water use for adequate leaching in 
addition to crop consumptive use. It is important to ensure enough water 
outflow to prevent accumulation of soluble salts and specific toxic ion 

concentrations in the root zone. The maximum attainable irrigation efficiency 
decreases as the concentration of soluble salts in the water increase "regard­

less of how well the irrigation system was designed, constructed, and operated" 
(Jensen 1975). 

2.4 MEASUREMENT Of WATER VOLUfoE APPLIED 

The volume of water actually applied to a field at each watering depends 
on the design of the irrigation system as well as on management practices. 
Design considerations include field size, number of sprinklers and their 

operating pressures, soil type, water source and maximum water requirements. 

In general, rough estimates of water volume applied are developed based on 
sprinkler discharge rates and duration of water applications. 

It is possible, although not common practice, to accurately measure 
applied gallonage with the use of a flow meter. Flow can be measured in 
distribution pipes or at the end of pump discharge pipes in terms of both 
gallons per minute and total gallonage. In general, flow meters which measure 
the pressure differential, or head, across some restriction in the flow path 

would be feasible measurement instruments (Considine 1983). Pressure measure­
ments from head-type flow meters can be converted to flow rates with the use of 
engineering charts (Sprinkler Irrigation Association 1975). 

2.5 INTERPRETATION Of DATA AND THE DECISION TO IRRIGATE 

Scheduling practices vary widely between irrigators. Some or all of the 
factors affecting the amount of water that is available to the crop (soil, 
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plant, and atmospheric conditions} may be incorporated into irrigation 
planning, by the farm manager alone or with the support of sophisticated 
computer models. Scheduling methods currently in use are discussed in this 
section. 

2.5.1 Continuous Irrigation And Periodic Irrigation 

Because of the characteristics of their irrigation water supply systems, 
many farmers irrigate either continuously or periodically regardless of the 
consumptive needs of the crops they are growing. For example, a significant 
proportion of surface water gets delivered periodically to irrigators 
(Rosenberg et al. 1983, Jensen 1975). Applying irrigation scheduling on acres 

with water supplied in this periodic manner may be more difficult because 

farmers are constrained by the timing of water availability. 

Continuous irrigation may be practiced on acres where crop needs are 

perceived to continuously exceed pumping capacity. Acres serviced by wells 
with low capacity may have little potential for energy savings through improved 
scheduling (Rosenberg et al. 1983) because the farmer is already applying less 
water than the crop requires. 

Although some irrigators may be constrained in making their irrigation 
scheduling decisions, other irrigators use non·systematic methods such as 
continuous and periodic irrigation simply because these are the methods that 
have always been used. Often irrigators have not made the investment in time 
and money that is required to use more systematic methods of scheduling. 

2.5.2 Evapotranspiration Modeling 

When possible, an irrigator should interpret conditions of the climate, 
crop, soil moisture content and stage of growth in deciding when to irrigate a 
field. Although an experienced person with access to field data could probably 
make decisions similar to those arrived at by computerized models, computerized 
models can significantly reduce the amount of time required to perform sched· 

uling calculations. 

Several models based on a sophisticated water budget are in use 

commercially. The models incorporate several soil, plant, and atmospheric 
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parameters into estimates of actual and potential evapotranspiration or crop 

water use. An irrigation is scheduled when evapotranspiration reaches a 

predetermined value (Crop Care Associates 1983). An example of an evapo­
transpiration equation developed by a commercial scheduling service is 
presented below. 

ETcrop = (Kc + Ks + Ke) x ETr 

where ETcrop = the water use of the crop 

Kc = the crop coefficient 

Ks = the soil drying coefficient 

Ke = the soil evaporation coefficient 

E\ = the reference crop evapotranspiration 

What is occurring in the above equations is that the ETr for a given day 
is being adjusted by three coefficients (Kc~ Ks• Ke) until it represents 
the actual ET of the crop. The ETr values for past and current days are 
calculated from climatic data. ETr values are interpolated from the fore­
casted ETr curve in predicting future soil depletions. As the model 

calculates into the future, the ETcrop values accumulate until the allowable 

depletion is reached. At this point, another irrigation is scheduled. 

Some evapotranspiration models are yield-maximizing models while others 
are profit maximizing. Evapotranspiration models that weigh benefits of crop 
yield response against the cost of irrigation water application may ultimately 
serve farmers better than models based only on yield maximization (Biere et 
al. 1981). From a farmer's point of view, an irrigation should be scheduled 
when profitable, rather than when evapotranspiration reaches a pre-determined 
value. However~ determining the profitability of irrigation in specific 
situations is a complex problem. Some models claim to solve this problem (Crop 
Care Associates 1983), while others do not. 

The methods of supplying irrigators with scheduling information and 

recommendations are potentially unlimited. They range from the publication of 
simple evapotranspiration statistics in farm publications to providing complete 
scheduling services (including soil fertility management) for farmers. 
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However, in a recent study of the potential for the adoption of improved 
irrigation scheduling in the Pacific Northwest, it was found that irrigators 
generally will not adopt improved scheduling methods where they are responsible 
for managing the scheduling themselves, except on water-sensitive crops 

(Merchant and Herman 1984). Thus, it is believed that scheduling programs that 
do not include initial management by someone other than the irrigators 

themselves will generally not be popular or effective in most Pacific Northwest 
farming situations. 
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3.0 ALTERNATIVES CHOSEN FOR ANALYSIS AND ENERGY 

SAVINGS ASSUMPTIONS OF EACH ALTERNATIVE 

Although the potential types of scheduling programs that could be offered 

to farmers are potentially unlimited, it is necessary for purposes of this 

study to narrow the possible alternatives to a number that is feasible for 

analysis. In addition, it is necessary to attempt to identify the potential 

savings in water and energy that may be associated with the use of the selected 

irrigation scheduling alternatives. It should be noted that the potential 

savings that may result from irrigation scheduling programs in the Pacific 

Northwest have not been thoroughly researched and, thus, the numbers selected 

for use in this analysis should not be regarded as final estimates. However, 

until additional field test results are available, it is believed that the 

estimates used in this study are the most representative available. 

In this chapter, the improved scheduling alternatives selected for use in 

this study are described, and representative estimates of the potential savings 

in water and energy that could be realized from the use of these alternatives 

are identified. The chapter concludes with a description of some potential 

benefits of improved irrigation scheduling that are not incorporated in this 

analysis of the direct farm-level energy savings available from such scheduling. 

3.1 SELECTED ALTERNATIVES 

The irrigation scheduling alternatives selected for use in this analysis 

and their characteristics are shown in Table 3.1. Note that both of the 

selected alternatives involve frequent soil moisture monitoring activities by 

fieldmen and the use of some type of evapotranspiration model to schedule 

irrigations. Based upon the results of current and past efforts to encourage 

farmers to systematically schedule their irrigations, it is believed that such 

efforts will not be successful without substantial involvement by trained field 

personnel, at least during the early years of the program (Merchant and Herman 

1984). Simply providing farmers with educational materials and general data 

will normally not induce farmers to improve their irrigation scheduling, except 

on water-sensitive crops where higher yields are the goal of using improved 

scheduling methods. 
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TABLE 3.1. Types of Improved Scheduling Alternatives Selected For Analysis 

Scheduling Alternative 

Full Scheduling 

Soil Moisture Monitoring 

Characteristics 

Weekly or more frequent soil 
moisture monitoring by fieldmen 

- Use of weather stations 

-Use of neutron probes for soil 
moisture monitoring 

Use of an evapotranspiration 
model to calculate consumptive 
water use and schedule irrigations 

- Weekly or more frequent soil 
moisture monitoring by fieldmen 

- Use of an evapotranspiration 
model to calculate consumptive 
water use and schedule irrigations 

The only difference between the two alternatives selected for analysis is 

the use of weather stations and neutron probes to aid in the scheduling activ­

ities. It is assumed that weather data would also be incorporated in the "soil 

moisture monitoring" scheduling alternative but that this weather data would be 
of a very general nature and would not be collected on a site-specific basis. 
The 11 feel method" of soil moisture monitoring is also assumed for use in the 
soil moisture monitoring scheduling alternative. 

The use of site-specific weather stations and neutron probes could lead to 
some improvement in the effectiveness of irrigation scheduling programs. In 
addition, the discussion presented in Chapter 4.0 will demonstrate that the 
additional costs of purchasing weather stations and neutron probes are 
relatively low when allocated on a per-acre basis. 

3.2 ENERGY SAVINGS INPUT ASSUMPTIONS 

For a scheduling program, the reductions in energy use that result from • 
the use of the program are directly proportional to the reduction in water use 
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that occurs during the program. However, the reduction in water use that will 
occur from using a scheduling program will depend on many factors. including 
the following: 

o the degree to which farmers monitor and control their soil moisture water 
levels and applications prior to becoming involved in a scheduling program 

o the type of crops being grown and the perceived financial risks associated 

with the underwatering of these crops 

o the degree of trust that irrigators have in the irrigation scheduling 
recommendations developed by the field personnel 

o the ability of irrigators to control and measure the amounts of water that 
they apply to their crops. 

The factors listed above cause the amount of water and energy savings that 

should be expected from the use of improved irrigation scheduling in any 
specific farming situation to be highly variable. However. a number of 

evaluations of the effectiveness of scheduling have been performed. The 
results of these analyses are listed in Table 3.2. Note that some of the 
results were gathered from published information while others were obtained 
from unpublished information. Some of the results were obtained using 
statistical methods, while others are subjective estimates developed by 
qualified experts. Some of the estimates of scheduling effectiveness were 
developed in California, where higher prices for water and energy and longer 
crop growing seasons cause the use of systematic irrigation scheduling methods 
to be more prevalent than in the Pacific Northwest. 

All of the estimates of the effectiveness of scheduling presented in 

Table 3.2 are based on comparisons to situations where no systematic method of 
soil moisture measurement and evaluation is used. The marginal effectiveness 
of irrigation scheduling is believed to decline as the complexity of the 
scheduling system being used increases. For example, use of a complex 
computerized scheduling program on one large farm was estimated to result in 
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TABLE 3.2. Estimates of the Percentage Reduction in Water/Energy Use 
That Will Occur from Using Improved Irrigation Scheduling 
Versus Traditional Scheduling Methods 

Source of Estimate 

Published data 
developed by the 
U.S. Bureau of 
Reclamation, 
Lake Chelan, WA 
(1983) 

Soi 1 Conservation 
Service 
Boise, ID 
(Wilton 1983) 

Published data 
developed by J.M. 
Lord, Fresno, CA 
(Lord and Gartang 
1981) 

Unpublished 
estimates 
deve 1 oped by 
Crop Care Associates 
Fresno, CA 

Published estimates 
developed by 
James A. Larson and 
cited in (Rosenberg 
et al. 1983) 

Published 
information 
from the Soi 1 
Conservation 
Service 
Bozeman, Montana 
(USDA 1978) 

Method by Which 
Estimate Was Developed 

Analysis of field records 
on the amount of water that 
would have been applied 
using systematic scheduling 
versus what was actually 
applied on 6000 acres of 
apples 

Analysis of tensiometer 
and consumptive use 
field tests on apples 

Statistical comparisons of 
water use on systematically 
scheduled versus tradition­
ally scheduled fields 

Analysis of experience 
gained through providing 
private scheduling services 

Use of a simulation 
model to estimate water 
application amounts on corn 
under various scheduling 
methods 

Evaluation of the potential 
water conserving management 
practices that could be 
applied in the Upper 
Columbia subregion 

3.4 

Estimate of Reduction in 
Water/Energy Use That Wi 11 
Occur from Using Improved 

Scheduling (%) 

13% on apples 

1 irrigation per year or 
8 to 14% on apples 

31% on sprinkler-irrigated 
grain 
35% on gravity-flow 
irrigated tomatoes 

20% to 30% on all crops 

20% on corn 

26% on all crops 

• 

• 
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TABLE 3.2 (contd.) 

Source of Estimate 

Unpublished data 
from Umatilla 
Electric Cooperative 
on the results of 
their scheduling 
program 

Published estimates 
deve 1 oped by 
P. Fischbach of 
Nebraska 
(Fischback 198Db) 

Previous Pacific 
Northwest Power 
Planning Council 
study 

Melvin Campbell 
Fann Manager 
U and I Inc. 

Method by Which 
Estimate Was Developed 

Analysis of field records 
on the average amounts of 
water applied by farmers 
in the scheduling program 
versus traditional 
application volumes 

Estimate of Reduction in 
Water/Energy Use That Will 
Occur from Using Improved 

Scheduling (%) 

26% on pasture(a) 
29% on potatoes 
31% on wheat 
35% on corn 
39% on alfalfa 

Comparison of water applied 53% on corn 
on field plots using 
various scheduling methods to 
traditional water applications 

Analysis of empirical 24% 
results from a Department of 
Energy study of scheduling 
effectiveness 

Comparison of water appli- 20% to 40% 
cation data on fields using 
improved scheduling to 
application when no form of 
improved scheduling is used 

(a) Lower-bound estimates of the percent savings that occurred from using 
improved scheduling on selected fields • 
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only a 5 percent reduction in water use compared to a slightly less rigorous 

system that had been used previously. 1 

Although the estimates presented in Table 3.2 vary from one source to 

another, some general inferences can be made from the data. These inferences 
include: 

o The effectiveness of improved scheduling in terms of saving water is lower 
for orchard crops than for field crops. 

o The effectiveness of the introduction of improved scheduling methods on 
water-sensitive crops, such as potatoes, would appear to be lower than for • 
other field crops because these crops are irrigated more efficiently using 

traditional methods than are other crops and because the perceived risks 

of underwatering these crops are greater. 

o In most cases, the water savings reductions from using improved scheduling 
methods versus traditional scheduling methods on field crops will range 

from 20 to 35 percent of the current water usage. 

o In most cases, the water savings effectiveness from using improved 
scheduling versus traditional scheduling methods on orchard crops will 
range from 10 to 15 percent of the current water usage. 

Selection of input parameters for use in this study that will be represen­
tative of the average savings that will occur from the use of systematic 

scheduling is necessarily an arbitrary procedure. However, based on an 
examination of available field test results, it appears that appropriate 
conservative values for the percent reduction in water use that could occur 
from the use of systematic scheduling in the Pacific Northwest are those shown 
in Table 3.3. Note that the input values selected for use in this study were 
generally selected from the lower range of the estimates presented in Table 3.2. 

Note from Table 3.3 that the representative water/energy use reductions 
for other sprinkler irrigation systems are generally 40 to 50 percent less than 

1 Personal communication with Melvin Campbell, Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 1984. 
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TABLE 3.3. Percent Reductions in Water/Energy Use from Using Improved 
Scheduling Methods versus Traditional Scheduling Methods 
That Were Selected for Use in This Analysis 

Type of 
Irrigation System 

Center Pi vat 
Other Sprinkler(•) 

Wheat 

22 
12 

Selected 
Alfalfa 

22 
12 

Percent Reduction 
Potatoes Corn 

20 
10 

22 
12 

(a) Includes sideroll, handmove, and solid-set systems • 

By Crop 
Orchard 

12 
7 

Other 

22 
12 

the representative reductions for center-pivot systems. These results were not 

noted in any of the published or unpublished field studies examined in this 

study. Changing the number and duration of irrigation water applications would 

dppear to be no more difficult on other sprinkler systems. However, an expert 

with 25 years of experience in working with irrigation scheduling programs 

stated that it is very likely that improved irrigation scheduling would be less 

effective on other sprinkler systems. 2 To reflect this consideration, the 

representative estimates of irrigation scheduling effectiveness for center­

pivot systems were arbitrarily reduced by 40 to 50 percent to derive 

representative estimates of scheduling effectiveness for other sprinkler 

systems. 

Note from Table 3.3 that no attempt was made to attach a value to the 

marginal increase in water savings that may be associated with the use of 

weather stations and neutron probes. Some experts believe that use of the 
"feel" method is nearly as effective as neutron probe measurement (Crop care 

Associates 1983). Other experts report that a well-calibrated neutron probe is 

2 Personal communication with Marvin Shearer, Department of Agricultural 
Engineering, Oregon State University, March 1984. 
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much more effective than subjective "feel 11 methods in measuring soil 

moisture. 3 This expert also reports that weather stations are necessary for 
effective scheduling on center-pivot systems while on other irrigation systems 

they are not. 4 In any case, cost information presented in Chapter 4 will 

demonstrate that the costs of weather stations and neutron probes are very low 

when evaluated on a per-acre basis over a 20-year system life. 

Throughout our analysis it is assumed that before improved scheduling is 

implemented, all sprinkler irrigation systems have been converted to low­

pressure irrigation and their fittings and mainlines have been modified to 

reduce energy usage. Based on current activities underway in the irrigation 

sector, it is believed that these irrigation conservation measures are likely 

to be implemented before improved scheduling. Thus, the energy-savings 

potential and the costs per kWh saved for improved irrigation scheduling 

developed in this study are based on the savings levels that would be expected 

for well-designed low-pressure sprinkler systems. The application head assumed 

for a well-designed low-pressure center pivot is 90 feet at the pivot. The 

application head assumed for a well-designed low-pressure other sprinkler 

system is assumed to be 95 feet at its source point. 

Gravity flow systems will not be included in the analysis of improved 

scheduling. It is believed that water application measurements are too 

imprecise on gravity flow systems for improved scheduling methods to be 

effective. This issue, along with other potential limitations to the use of 

improved scheduling, is discussed more fully in Chapter 5. 

3.3 ADDITIONAL BENEFITS OF IMPROVED IRRIGATION SCHEDULING 

Improved irrigation scheduling will likely provide benefits not explicitly 

accounted for by direct farm-level energy savings. The exclusion of these 

3 Personal communication with Melvin Campbell, Irrigation Manager, U and 1 
Incorporated, Kennewick, Washington, February 1984. 

4 Personal communication with Melvin Campbell, Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 1984. 
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indirect scheduling benefits from the assessment of energy savings from sched­
uling may cause the estimates of costs per kilowatt-hour saved developed in 

this study to be upwardly biased. 

One of the major benefits that is excluded from this analysis is the 
potential for improved irrigation scheduling to result in increased water 

supplies within the Pacific Northwest's hydroelectric system (Davenport et al. 

1981). These additional supplies could be used to generate more hydroelectric 

power and/or to enhance fish runs within the region's rivers and streams. It 

is generally believed that the indirect loss of energy from withdrawing water 

from the region's hydroelectric system for irrigation is significantly larger 

than the direct use of energy for irrigation pumping. Thus, inclusion of the 

indirect energy savings from reduced water usage through improved scheduling 
could have a significant impact upon future studies of the energy-conservation 

potential of improved scheduling. 

Although the exclusion of changes in hydrogeneration potential only 

affects the estimates developed for scheduling on surface water acres, 
additional benefits may accompany scheduling on groundwater acres. Depletion 

of groundwater tables, with associated needs for increasingly deep wells, may 

be reduced if irrigation management reduces farm water demand {Davenport et 

al. 1981). On the other hand, reduced runoff and deep percolation may slow the 
rate of well recharge and partially cancel the benefits of reduced overdraft. 

The net effect on groundwater tables and indirect energy savings cannot be 
analyzed without further information. 

The principal purpose of irrigation management, in many cases, is not to 
save water or power but rather to provide more optimal growing conditions for 
crops. 5 Many studies have found that the use of systematic irrigation 
scheduling can increase both crop yields and crop quality, particularly on 

water-sensitive crops like potatoes and corn. For example, one study found 

5 Personal communication with Larry King, Agricultural Extension Agent, 
Montana State University, Bozeman, Montana, February 1984. 

3.9 



opportunities for decreased malformation of tubers and improved yields from 
properly timed potato irrigation (Locke 1984). Another study cited potentially 
significant losses of nitrogen available to corn when overwatering carries 
water-soluble nutrients below the root zone (Fischbach and Hoover 1978). Yet 

another study of crop yield data found that corn yields were increased when 

systematic irrigation scheduling recommendations were closely followed. 6 

Because of the greater likelihood for improved crop yields on water-sensitive 
crops like corn and potatoes, it seems likely that the rate of irrigators' 
acceptance of improved scheduling will be more rapid on water-sensitive crop 
acres. A market study of improved irrigation scheduling in the Pacific 
Northwest revealed that this is indeed the case. To reflect this 
consideration, our analysis of improved irrigation scheduling was partitioned 
into water-sensitive crops (potatoes, corn, and other miscellaneous crops) and 
non-water-sensitive crops (wheat, hay, orchard, and other miscellaneous crops). 

6 Personal communication with Melvin Campbell, Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 1984. 
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4.0 COST INPUT ASSUMPTIONS 

The costs of providing improved scheduling services will vary according to 

the level of services provided. However, as stated previously, it is believed 

that improved scheduling will not achieve acceptable levels of effectiveness 

and penetration unless relatively complete scheduling services, with frequent 

soil moisture-level monitoring, are provided. ln other areas, where the use of 

improved irrigation scheduling is more widespread, complete scheduling services 

have normally been provided by private consultants who assess a per-acre charge 

for the services. Thus, the levels of these per-acre charges are assumed to 

appropriately represent the costs of improved scheduling services. In this 

section, information on the costs of improved scheduling services is presented. 

4.1 PER-ACRE CHARGES FOR IRRIGATION SCHEDULING 

Improved irrigation scheduling is primarily a labor-intensive activity, 

while the majority of the energy conservation measures that could potentially 

be applied in the irrigation sector are capital-intensive equipment modifi­

cations. By far the largest cost of improved scheduling is incurred in paying 

the salaries of the field personnel who perform the irrigation scheduling. 

However, these personnel are the most important component of an effective 

irrigation scheduling program. 

Various estimates of the per-acre costs associated with providing improved 

irrigation scheduling services are presented in Table 4.1. All of the 

estimates presented in Table 4.1 are based upon actual per-acre charges and/or 

experience gained through conducting improved irrigation scheduling programs. 

All estimates presented in Table 4.1 include an allowance for profit for 

those performing the service. In addition, some of the costs shown in 

Table 4.1 include the costs of providing soil fertility management services. 

The two highest cost estimates are for California locations, where higher crop 

values and generally higher price levels allow for higher prices to be charged 

for providing scheduling services. 

It seems likely that through the sponsorship of BPA and public utilities, 

the costs of providing improved scheduling could be reduced to the five to 
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seven dollar per acre range because the sponsors would not require an allowance 

for profit on their investment. However, without the involvement of private 

consulting firms in the provision of scheduling services, it is probable that 

the effectiveness of the improved scheduling programs will be reduced. 1 In 
California, Pacific Gas and Electric has chosen to provide rebates to farmers 

for participating in irrigation scheduling programs rather than directly 

organizing and performing the scheduling services themselves. 1 At this point 
in time, it appears that this would also be the most appropriate method for BPA 

to use in facilitating the use of improved scheduling, if such facilitation is 
determined to be appropriate. 

TABLE 4.1. Per-Acre Cost Estimates for Providing 
Improved Irrigation Scheduling Services 

Source 

Crop Care Associates 

J.M. Lord, Inc. 

U and I Incorporated 

Umatilla Electric Co-op 

Per-Acre Cost ($) 

$7.90 to $10.50 (including 
fertility management) 

$8.00 

$7.85 

$6 to $10 

The capital costs associated with the purchase of neutron probes and 
weather stations will have little impact upon the total per-acre costs of 

systematic scheduling programs. The initial cost of purchasing a weather 

station can range as high as $10,000 2 but can also be as little as 

1 Personal communication with Joe Lord, private irrigation scheduling 
consultant, Fresno, California, February 1984. 

2 Personal communication with Fred Ziari, irrigation scheduling consultant 
with Umatilla Electric Co-op, Hermiston, Oregon, February 1984. 
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$4500.3 One weather station would generally be capable of covering at least 

10,000 acres. 4 Neutron probes generally cost approximately $4000 per unit 

(Crop Care Associates 1983) and are capable of covering approximately 5000 

acres.5 No basis exists for assuming that weather stations or neutron probes 

would not last 20 years.6 Calculation of the annual cost per acre for 

weather stations and neutron probes using these cost estimates and a 3 percent 

real discount rate (which equates to a 0.0672 capital recovery factor (CRF} 

over 20 years) is illustrated as follows: 

$10,000 per weather station ' 10,000 acres per station 
x 0.0672 CRF = 7¢ per acre 

$4,000 per neutron probe ' 5,000 acres per probe 
X 0.0672 CRF = 5¢ per acre 

Tot a 1 Annual Cost = 12¢ per acre 

When compared to the costs of the labor and management necessary to 

execute improved scheduling activities, 12 cents per acre is insignificant. 

Thus, no difference in casts is assumed in our study between scheduling 

programs that use weather stations and neutron probes, and scheduling programs 

that do not use them. It is believed that the costs of the additional 

education and training of personnel that would be necessary to accurately 

schedule irrigations using the "feel" method of moisture measurement would 

likely offset the additional costs for weather stations and neutron probes. 

3 Persona 1 communication with Melvin Camp bel 1 , Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 19R4. 

4 Personal communication with Melvin Camp be 1 1 , Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 1984. 

5 Persona 1 communication with Melvin Camp be 11 , Irrigation Manager, U and I 
Incorporated, Kennewick, Washington, February 1984. 

6 Personal communication with Fred Ziari, irrigation scheduling consultant 
with Umatilla Electric Co-op, Hermiston, Oregon, February 1984. 
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4.2 SCHEDULING COST ESTIMATE SELECTED FOR USE IN THIS STUOY 

After examining the available scheduling cost estimates presented in 

Table 4.1, $6 per acre was selected as the most representative estimate of the 

current cost of obtaining improved irrigation scheduling for irrigated acres in 

the Pacific Northwest. This compares to a $5 per acre charge used in a 

previous study performed for the Pacific Northwest Power Planning Council 

(Harrer 1982). 

It should be emphasized again that the $6 cost selected for use in this 

study assumes that full scheduling services, including continuous soil moisture 

monitoring, would be provided. However, the cost selected for use in this 

study is generally in the low range of the estimates shown in Table 4.1 

because: 1) the costs of providing soil fertility management services are not 

included in the $6 cost; 2) the costs in the Pacific Northwest for full 

scheduling services should be lower than those in California; and 3) the costs 

of scheduling services can be reduced by BPA and irrigators sharing the costs. 

Because it is assumed that improved scheduling would be paid for on an 

annual per-acre basis, all scheduling costs should be regarded as additional 

annual operating and maintenance costs for irrigation. Thus. it is not 

necessary to allocate any direct capital costs for improved scheduling over an 

estimated measure life. 
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5.0 TECHNICAL LIMITS ON MEASURE APPLICATION 

AND CONSERVATION ALREADY ACHIEVED 

The purpose of this chapter is to provide information on acres that should 

be excluded from estimates of potential energy savings because of technical 

limits or achieved conservation. Technical limits--which may take the form of 

inflexibility in existing irrigation systems, water availability or non­

irrigation crop requirements--are discussed in Section 5.1. Estimates of acres 

excluded from further analysis because of conservation already achieved are 

explained in Section 5.2 • 

5.1 TECHNICAL LIMITS 

When existing irrigation practices are inflexible, technical limits to 

improved irrigation scheduling should be applied. However, some of the factors 

discussed in this section diminish potential savings from irrigation scheduling 

but do not preclude them. Potential technical limitations to improved 

scheduling caused by water availability problems are discussed in Section 

5.1.1. Technical limits related to the adaptability of water application 

systems and non-irrigation crop management practices are considered in Sections 

5.1.2 and 5.1.3, respectively. 

5.1.1 Technical Limits Due to Water Availability 

Farmers need to be able to fine-tune the frequency and volume of water 

deliveries for modern scheduling methods to work. In some circumstances, both 

surface water and groundwater sources may lack the desired flexibility. 

Rigidity in the timing of surface water deliveries to farms by irrigation 

districts, and low well capacities that constrain the rate of groundwater 

delivery may occasionally limit the applicability of improved scheduling. 

The same surface water delivery system that a farmer believes to be too 

inflexible for systematic scheduling may be perceived as adaptable by 
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irrigation district planners (Burt and Lord 1981). 1 Irrigators may depend on 
private ditch and canal companies rather than the Bureau of Reclamation for 

surface water supplies. The Bureau of Reclamation has installed some pressure 

pipe systems to allow individual farmers to precisely control water delivered 

to their property. The largest system to be pressurized in this manner is in 

the Yakima area of Washington and will encompass 27,000 acres when it is 

completed. 2 Some delivery systems may require at least a day's notice to 

adapt to changes in demand, while in others, farm water deliveries are 

scheduled periodically. 3 Capacity at times of peak demand, especially in 

arid regions, may also limit water delivery on demand. 4 

Despite the problems associated with operating surface water delivery 

systems, there does not seem to be sufficient justification to exclude acres 

from the analysis of improved scheduling energy-savings potential because of 
inflexibility in surface water delivery timing and amounts. No acres have been 

identified that, for these reasons alone, could not benefit to some extent from 

improved scheduling. 4 

The full benefits of scheduling might not be realized if a system is 

underdesigned so that water supplies are frequently limited (Larson 1981). 

However, at least one empirical study fails to provide conclusive evidence that 

low well yields significantly reduce the likelihood of a farmer's use of 

scheduling (Rosenberg et al. 1983}. Recoll'lTlendations based on complex 

scheduling methods normally will not differ significantly from continuous 

irrigation during intervals when evapotranspiration requirements are at their 

peak. As long as there are some periods when well yields exceed 

1 Also, personal communication with Joe Lord, private irrigation scheduling 
consultant, Fresno, California, February 1984. 

2 Personal communication with Dan Yribar, Bureau of Reclamation, Boise, 
Idaho, February 1984. 

3 Personal communication with Monte McVay, Conservation Agronomist, Bureau of 
Reclamation, Boise, Idaho, February 1984. 

4 Personal communication with Mike Stuber, Bureau of Reclamation Lower 
Columbia region, Boulder Clty, Nevada. 
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evapotranspiration requirements, improved scheduling can lead to water 

savings. It is believed that most irrigators using ground water in the Pacific 

Northwest experience at least some periods during the spring and fall when low 

well yields are not a limiting factor. Thus, no acres were excluded from the 

analysis on the basis of low well yields. 

5.1.2 Technical Limits Due to Irrigation System 

Gravity flow acres are excluded from the analysis of potential energy 

savings through improved scheduling. Irrigators who use gravity flow methods 

have little control over the amounts of water applications necessary to meet 

water requirements at the bottom of a field. It is also difficult to control 

the duration of gravity flow irrigation sets. Modifications to gravity flow 

systems to reduce water usage are technically feasible (Green 1982) 5 but 

entail additional labor costs that can be justified by energy savings only when 

water is pumped from deep wells. Except for some farmers in southern Idaho, 

gravity flow irrigators in the Pacific Northwest use surface water and are 

unlikely to modify their systems solely on the basis of energy savings. 

5.1.3 Technical Limits Because of Crop Management Practices 

Consumptive use of water is only one factor among several influencing a 

farm manager's planning. For instance, farmers may sometimes run sprinklers 

more to apply fertilizer than to water crops. 6 Harvesting practices may 

preclude irrigation at certain times; for example, alfalfa should not be 

irrigated when it will be cut within 4 to 6 days, nor can it be watered again 

until the hay is removed from the field {Sprinkler Irrigation Association 
1975). Pesticide applications can often interfere with the use of optimal 

scheduling practices, especially on orchard crops. Although these and other 

factors may hinder the precise following of improved scheduling 

5 Also, personal communication with Joe Lord, private irrigation scheduling 
consultant, Fresno, California, February 1984 • 

6 Personal communication with Mike Stuber, Bureau of Reclamation Lower 
Columbia region, Boulder City, Nevada. 
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recommendations, they do not seem to imply that the water savings benefits of 

improved scheduling should be completely limited. Thus, no technical limits 

are applied to existing sprinkler acres on the basis of crop management 

considerations. 

5.2 CONSERVATION ALREADY ACHIEVED 

Variation in the types of available irrigation scheduling programs and a 

lack of primary data cause the development of estimates of acres in the Pacific 

Northwest on which improved irrigation is already being used to be difficult. 

One should not infer that because a farmer has implemented some form of 

irrigation scheduling, no further improvements are possible. It is believed 

that the use and knowledge of the type of improved irrigation scheduling 

practiced by private irrigation consultants is not widespread in the Pacific 

Northwest. However, little primary data on conservation achieved could be 

collected for this analysis, and only limited information is available from 

secondary sources. 

Although a lack of data and resources precludes rigorous estimation of the 

acres on which improved irrigation scheduling is already being used, it is 

believed that it is inappropriate to assume that the usage level is zero. 

Available studies and personal interviews indicate that improved irrigation 

scheduling is being used by some farmers in the region. The available studies 

also indicate that complex scheduling methods are more likely to be found on 

water-sensitive and high-value crops, and are more often used by center-pivot 

irrigators than by irrigators using other sprinkler systems. Despite economic 

criteria that suggest a greater probability of finding scheduling where water 

is pumped from wells than where surface water is used, there seems to be no 

empirical basis for allocating conservation achieved based on water source. 

Center-pivot acres seem to be about twice as likely to be scheduled as 

other sprinkler acres (Merchant and Herman 1984, Rosenberg et al. 1983). A 

survey of irrigators in north-central Oregon and southern Idaho (subregions 6 

and 10) by Merchant and Herman found scheduling among 43 percent of center­

pivot farmers and 20 percent of other farmers. As an additional proxy for 
farmer awareness of improved irrigation scheduling, a regional division will be 
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made showing greater conservation achieved among farmers in the Columbia Basin, 

north-central Oregon and southern Idaho (subregions 3, 6 and 10). 

Scheduling seems to be a more common water management practice on 

potatoes, orchards and a few other high-value or water-sensitive crops than on 

other crops. The shape and size of potato tubers are very sensitive to soil 

moisture stress, and one study found sc~eduling used by half of the potato 

growers surveyed in the Burley, Idaho area (Merchant and Herman 1984). Sugar 

beets in the Burley area are also scheduled more often than other crops. 

Wheat, hay, corn, and pasture were rarely scheduled, even in a region where 

awareness of systematic scheduling methods was widespread (Merchant and Herman 

1984). Although a survey in Nebraska concluded that corn was the crop most 

likely to be scheduled, it is believed that these results were as likely to be 

influenced by irrigation system as by crop, since corn was overwhelmingly more 

likely to be under center-pivot irrigation than were other crops (Rosenberg et 

al. 1983). Strawberries, grapes and orchards may be scheduled according to 

complex methods more frequently than other crops, in areas where they are grown 

(Merchant and Herman 1984). 7 No additional distinctions between conservation 

achieved by crop are supported by available studies. 

The percentages of irrigated acres which, for modeling purposes, were 

chosen to represent conservation achieved are shown in Tables 5.1 and 5.2. 

These percentages imply conservation achieved on the acres shown in Tables 5.3, 

5.4, 5.5 and 5.6. The estimates in the tables, based on interpretation of 

available information, can only approximate what primary data collection could 

reveal. The criteria for the numbers chosen were estimated differences in 

conservation achieved between regions, crops and irrigation systems, as 
discussed in this section • 

7 Also, personal communication with Eric Scott, Motorola Inc., Fresno, 
Galifornia, February 1984. 
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TABLE 5.1. Model Input Assumptions: Conservation Achieved 
On Center-Pivot Acres (% of total 1984 acres) 

Crop 

Region Wheat Alfalfa -- Potatoes Corn Orchard Other 

1 0 0 20 15 NA(a) 10 
2 0 0 20 15 NA 10 
3 5 5 40 25 NA 20 
4 0 0 20 15 NA 10 
5 0 0 20 15 NA 10 
6 5 5 40 25 NA 20 
7 0 0 20 15 NA 10 
8 0 0 20 15 NA 10 
9 0 0 20 15 NA 10 

10 5 5 50 25 NA 30 
11 0 0 20 15 NA 10 

{a) NA = Not Applicable because of the small number of orchard acreages 
irrigated with center pivots. 

TABLE 5.2. Model Input Assumptions: Conservation Achieved 
On Other Sprinkler Acres (% of total 1984 acres) 

Crop 

Region Wheat Alfalfa Potatoes Corn Orchard Other -- --

1 0 0 10 5 15 5 
2 0 0 10 5 15 5 
3 5 5 20 10 30 10 
4 0 0 10 5 15 5 
5 0 0 10 5 15 5 
6 5 5 20 10 30 10 
7 0 0 10 5 15 5 
8 0 0 10 5 15 5 
9 0 0 10 5 15 5 

10 5 5 25 10 30 15 
11 0 0 10 5 15 5 

5.6 

I 

• 

• 



TABLE 5.3. Model Input Assumptions: Conservation Achieved 
On Groundwater Center-Pivot Acres (Acres) 

Crop 

Region Wheat Alfalfa Potatoes Corn Orchard Other --
1 0 0 0 0 0 0 
2 0 0 40 520 0 150 
3 3,270 2,210 10,245 5,460 0 880 
4 0 0 0 0 0 0 
5 0 0 0 50 0 0 
6 450 370 2,755 285 0 0 

• 7 0 0 60 0 0 0 
8 0 0 240 10 0 0 
9 0 0 0 0 0 0 

10 2. 725 2,630 10,800 1,045 0 9,810 
11 0 0 0 0 0 0 

TABLE 5.4. Model Input Assumptions: Conservation Achieved 
On Surface Water Center-Pivot Acres (Acres) 

Crop 

Region Wheat Alfalfa Potatoes Corn Orchard Other --
1 0 0 0 0 0 0 
2 0 0 225 2,830 0 360 
3 3,860 2,805 21,845 13,170 0 6,620 
4 0 0 0 0 0 0 
5 0 0 15 285 0 0 
6 1,815 870 7,855 1,080 0 0 
7 0 0 220 0 0 0 
8 0 0 360 0 0 0 
9 0 0 0 275 0 700 

10 870 650 3,190 0 0 15 

• 
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TABLE 5.5. Model Input Assumptions: Conservation Achieved 
On Groundwater Other Sprinkler Acres (Acres) 

Crop 

Region Wheat Alfalfa Potatoes Corn Orchard Other --

1 0 0 130 180 360 175 
2 0 0 0 0 1,835 255 
3 285 625 270 0 2,020 4,460 
4 0 0 0 5 1,415 620 
5 0 0 20 555 865 1,215 
6 220 300 75 0 1,415 380 
7 0 0 180 0 10 315 • 
8 0 0 70 0 520 320 
9 0 0 250 5 50 255 

10 16,740 12,855 28,350 0 18,210 17,390 
11 0 0 15 5 5 5 

TABLE 5.6. Model Input Assumptions: Conservation Achieved 
On Surface Water Other Sprinkler Acres (Acres) 

Crop 

Region Wheat Alfalfa Potatoes Corn Orchard Other -- -- --
1 0 0 140 190 465 185 
2 0 0 5 0 9,985 1,620 
3 4, 715 4,035 2,080 0 4,875 8, 515 
4 0 0 0 5 1,135 495 
5 0 0 55 1,810 2,870 4,045 
6 740 1,690 1' 605 0 5,400 1,450 
7 0 0 330 0 20 650 
8 0 0 135 5 875 540 
9 0 0 160 0 30 165 

10 4,240 3,415 7,260 0 4,780 5,500 
11 0 0 220 75 90 50 

• 
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6.0 ESTIMATION OF RESULTS 

As stated in the introduction of this report, the primary objective of 
this study is to develop cost and energy savings information on improved 
irrigation scheduling that BPA can use in its conservation program planning 
efforts. In this chapter, a brief discussion of the methodology used in this 

study, and the results derived using this methodology are presented. 

6.1 STUDY METHODOLOGY 

To facilitate understanding of the results of this study, a brief 
discussion of the methodology employed in deriving the study results is 

presented. Those wishing further detail on the computer model used in the 
estimation procedure should refer to other documents to be generated during 
this research effort. 

In general, the kWh electrical energy use of an irrigation system can be 

estimated using the following equation: 

E = V X H x 1.024 
PPE 

where E = annual electrical energy use per acre in kWh for an irrigation 
system 

V = volume of water applied annually through the irrigation system in 
acre feet 

H = total dynamic head of the irrigation system in feet 
PPE = efficiency of the pumping plant in converting energy input into 

energy output 

The way in which systematic irrigation scheduling reduces irrigation 
system energy use is by reducing the amount of water (V) applied to the crop . 

The difference in energy use for improved irrigation scheduling is calculated 
by the following: 

V0 X H X 1.024 V1 X H X 1.024 
H=~----

PPE PPE 
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where oE = difference in annual energy use per acre in kWh between an 
irrigation system with improved scheduling and a system without 
improved scheduling 

vo = tot a 1 volume of water applied by an irrigation system without 
improved scheduling 

vl = tot a 1 volume of water applied by an irrigation system with 
improved scheduling 

As noted in Chapter 3, all energy savings estimates developed in this 
study are based on the assumption that the conservation measures of low­
pressure conversion and properly designed mainlines and fittings had been 
implemented prior to the use of improved irrigation scheduling. Thus, all of 

the energy savings estimates developed using the above equation are based upon 
total dynamic head (H) estimates that would likely be obtained after low­

pressure conversion and proper design of mainline and fittings have been 
implemented. 

To determine a cost per kWh saved using annual energy savings as the 

denominator, all costs must be converted to an annual equivalent or levelized 
cost basis. The equation used- in this study for estimating the differences 
between the levelized costs of improved versus traditional irrigation 
scheduling was the following: 

oLEV = LEV 1 - LEV 0 
= OM1 - OM0 

where bLEV =difference in the annual equivalent or levelized cost between 

improved irrigation scheduling (LEV1) and traditional 
irrigation scheduling (LEV0) 

OM1 = annual per-acre operation and maintenance costs for irrigating 
using improved irrigation scheduling 

OMo = annual per-acre operation and maintenance costs for irrigating 
using traditional irrigation scheduling 

Note that because of the assumption that the costs of improved irrigation 
scheduling are allocated using a per-acre charge, all costs of improved 
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scheduling can be considered to be incremental operating and maintenance costs 

of performing irrigation. 

Once the differences in annual kWh usage and annual levelized cost per 

acre are calculated, the cost per kWh saved is calculated by the following: 

Cost per kWh saved = ~LEV 
6E 

The aggregate potential energy savings in average MW for improved 

scheduling are estimated by the following: 

Potential savings in average MW = 6E x (ACEL - ACCA)/1000/8760 

where ACEL "'acres eligible to utilize improved irrigntion scheduling (i.e., 

not limited by technical considerations) 

ACCA =acres that are already using improved irrigation scheduling 

1000, 8760 = factors for converting kWh savings to average MW of savings 

6.2 COST PER KWH SAVED AND ENERGY-SAVINGS POTENTIAL FOR IMPROVED IRRIGATION 

SCHEDULING ON CENTER-PIVOT ACRES 

Estimates of the average cost per kWh saved by subregion from using 

improved irrigation scheduling and the total potential energy savings that 

could be realized from such usage on existing and new center-pivot water 

sensitive crop acres are presented in Table 6.1. Note from these results that 

the potential energy savings and the cost per kWh saved from improved 

irrigation scheduling vary significantly among subregions and by water source. 

These results arise from the fact that energy savings from improved irrigation 

scheduling are highly dependent upon the amount of water necessary to sustain 

crop yields in a given subregion and the amount of lift required to deliver 

water to the field level. Thus, the potential energy savings are higher and 

the costs per kWh saved are lower from using improved irrigation scheduling in 

subregion 3, which has an average groundwater pumping lift of 346 feet and 

relatively high ~later application volumes, than in subregions where pumping 
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Energy Savings 
on Existing 
Acres in 
1984 (Ave. MW) 

Cost Per kWh 
Saved on Exist-
ing Acres 
(1984 Mills) 

Energy Savings 
on New Acres 
in 2003 
(Ave. MW) 

Cost Per kWh 
Saved on New 
Acres 
(1984 Mills) 

·-----~--

TABLE 6.1. Estimated Energy-Savings Potential in Average MW and Cost Per kWh Saved in 
1984 Mills for(l~proved Scheduling on Existing and New Center-Pivot Water­
Sensitive Crop aJ Acres 

Subregion 
Water 

Source 1 2 3 4 5 6 7 8 9 10 "--- --- --- --- ---

Surface NCP 0.19 0.84 0.00 0.01 0.36 0.01 0.02 0.00 0.41 
Ground NCP 0.33 2.31 0.00 0.00 0.22 0.00 0.03 0.00 1.99 
Total NCP 0.52 3.15 0.00 0.01 0.58 0.01 0.05 0.00 2.40 

Surface NCP 65.75 61.78 NCP 149.50 23.88 82.63 96.70 NCP 74.69 
Ground NCP 26.05 14.25 NCP NCP 22.82 45.00 63.63 NCP 25.88 
Average NCP 40.50 26.96 NCP 149.50 23.48 70.00 74.68 NCP 34.25 

Surface NCP 0.00 0.70 0.00 0.00 0.05 0.00 0.00 0.00 0.06 
Ground NCP 0.02 0.00 0.00 0.00 0.15 0.00 0.02 0.00 0.33 
Total NCP 0.02 0.70 0.00 0.00 0.20 0.00 0.02 0.00 0.39 

Surface NCP NCP 62.90 NCP NCP 24.29 NCP NCP NCP 75.50 
Ground NCP 26.05 NCP NCP NCP 23.01 44.99 64.31 NCP 26.48 
Average NCP 26.05 62.90 NCP NCP 23.32 44.99 64.31 NCP 34.44 

BPA 
Service 

11 Area ----

0.00 1.84 
0.00 4.88 
0.00 6.72 

97.72 58.43 
51.38 20.55 
96.45 30.92 

0.00 0.81 
0.00 0.52 
0.00 1.33 

NCP 61.55 
51.74 26.59 
51.74 47.92 

(a) For purposes of this study, water-sensitive crops are defined as potatoes, corn and other miscellaneous crops . 
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lifts and water application volumes are less. Of course, the aggregate energy­

savings potential on center-pivot acres in a subregion is also influenced by 

the number of center-pivot irrigation systems in use in the subregion. 

The results shown in Table 6.1 illustrate that it will be necessary to 

target specific areas and farming operations if the potential energy savings 

from improved irrigation scheduling are to be obtained in a cost-effective 

manner. Improved irrigation scheduling at six dollars per acre will normally 

cost less than 25 mills per kWh saved on groundwater acres, while the cost will 

generally exceed 60 mills per kWh saved on surface water acres. Note that an 

exception to the high cost of improved scheduling on surface water acres was 

found for north-central Oregon {subregion 6), where the surface water used in 

irrigation is lifted a substantial distance from its source. 

Estimates of the cumulative energy savings in 5-mill increments of cost 

per kWh saved for improved scheduling costing six dollars per acre on center­

pivot water-sensitive crop acres are shown in Table 6.2. The estimates 

presented in Table 6.2 reveal that a high proportion of the energy savings 

from improved scheduling can be obtained for a reasonable cost if careful 

targeting of the scheduling efforts is undertaken. 

Almost 80 percent of the total aggregate energy savings available from 

improved irrigation scheduling on existing center-pivot water-sensitive crop 

acres can be obtained for a cost of less than 30 mills per kWh saved. In 

general, on any irrigation pumping installation having more than 190 feet of 

pumping lift in the major irrigation regions (Subregions 2, 3, 4, 6 and 10) 

energy savings could be obtained for a cost of less than 25 mills per kWh 

saved. Because such installations consume a high percentage of the total 

energy used in irrigation, using improved scheduling to obtain energy savings 

is less costly than a simple examination of the numbers presented in Table 6.1 

would indicate. 

Estimates presented in Table 6.3 illustrate that the cost effectiveness of 

improved scheduling on the new center-pivot water-sensitive crop acres that are 

forecast to come into existence in the next 20 years is significantly less 

than for existing acres. For example, only 3 percent of the total potential 

energy savings on new center-pivot water-sensitive crop acres are estimated to 

be available for 20 mills per kWh saved or less. This result can be attributed 
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TABLE 6.2. Estimated Cumulative Energy-Savings Potential (Ave. MW) in 5-Mill Increments 
of Cost Per kW~ Javed for Improved Scheduling on Existing Center-Pivot Water-
Sensitive Crop a Acres 

Cost Per kWh Saved 

Year Water Source 5 10 15 20 25 30 35 40 45 -- -- -- -- --

1984 Surface Water 0.00 0.00 0.00 0.11 0.11 0.36 0.36 0. 36 0. 36 

Groundwater 0.00 0.00 0.00 2.35 4.05 4.63 5.85 4.85 4.85 

Total 0.00 0.00 1.38 2.46 4.16 5.21 5.21 5.21 5.21 

(a) For purposes of this study, water-sensitive crops are defined as potatoes, corn and other 
miscellaneous crops . 

• • • 
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primarily to the fact that most of the new irrigated acres that are forecast 
to come into existence in the next 20 years are surface water acres with low 
pumping lifts, and thus, the costs per kWh saved for improved scheduling on new 
acres are increased. 

TABLE 6 .3. Estimated Cumulative Energy-Savings 
Potential (Ave. MW) in 5-Mill 
Increments of Cost per kWh Saved 
for Improved Scheduling on 
New r~~ter-Pivot Water-Sensitive 
Crop Acres 

Cost ~er kWh Saved 
Year 0 5 10 15 20 25 30 35 40 45 

1985 0.00 0.00 0.00 0.00 0.00 0.05 0.06 0.07 0.07 0.07 
1986 0.00 0.00 0.00 0.00 0.01 0.09 0.10 0.12 0.12 0.12 
1987 0.00 0.00 0.00 0.00 0.01 0.13 0.15 0.17 0.17 0.17 
1988 0.00 0.00 0.00 0.00 0.01 0.17 0.20 0.23 0.23 0.23 
1989 0.00 0.00 0.00 0.00 0.02 0.21 0.25 0.28 0.28 0.28 
1990 0.00 0.00 0.00 0.00 0.02 0.23 0.27 0.30 0.30 0.30 
1991 0.00 0.00 0.00 0.00 0.02 0.24 0.28 0.32 0.32 0.32 
1992 0.00 0.00 0.00 0.00 0.02 0.25 0.30 0.34 0.34 0.34 
1993 0.00 0.00 0.00 0.00 0.02 0.26 0.32 0.36 0.36 0.36 
1994 0.00 0.00 0.00 0.00 0.02 0.27 0.33 0.37 0.37 0.37 
1995 0.00 0.00 0.00 0.00 0.03 0.29 0.34 0.38 0.38 0.38 
1996 0.00 0.00 0.00 0.00 0.04 0.30 0.37 0.41 0.41 0.41 
1997 0.00 0.00 0.00 0.00 0.04 0.31 0.38 0.42 0.42 0.42 
1998 0.00 0.00 0.00 0.00 0.04 0.32 0.39 0.44 0.44 0.44 
1999 0.00 0.00 0.00 0.00 0.04 0.34 0.42 0.47 0.47 0.47 
2000 0.00 0.00 0.00 0.00 0.04 0.35 0.44 0.50 0.50 0.50 
2001 0.00 0.00 0.00 0.00 0.04 0.36 0.46 0.52 0.52 0.52 
2002 0.00 0.00 0.00 0.00 0.04 0.37 0.48 0.54 0.54 0.54 
2003 0.00 0.00 0.00 0.00 0.04 0.38 0.49 0.55 0.55 0.55 

(a) For purposes of this study, water-sensitive crops are defined as 
potatoes, corn, and other miscellaneous crops . 

50 

0.07 
0.12 
0.17 
0.23 
0.28 
0.30 
0.32 
0.34 
0.36 
0.37 
0.38 
0.41 
0.42 
0.44 
0.47 
0.50 
0.52 
0.54 
0.55 

Estimates of the average costs per kWh saved and the total potential 

energy savings by subregion for improved scheduling on existing and new center­
pivot non-water-sensitive crop acres are presented in Table 6.4. The 

differences in cost per kWh saved between water-sensitive and non-water­
sensitive crop acres for improved scheduling are generally insignificant. 
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Energy Savings 
on Existing 
Acres in 
1984 (Ave. MW) 

Cost Per kWh 
Saved on Exist-
ing Acres 
(1984 Mills) 

Energy Savings 
on New Acres 
in 2003 
(Ave. MW) 

Cost Per kWh 
Saved on New 
Acres 
(1984 Mills) 

TABLE 6.4. Estimated Energy-Savings Potential in Average MW and Cost Per kWh Saved in 
1984 Mills for( Improved Scheduling on Existing and New Center-Pivot Non-Water­
Sensitive Crop a} Acres 

Subregion 
Water 

Source 1 2 3 4 5 6 7 8 9 10 

Surface NCP 0.19 1.36 0.17 0.01 1.27 0.11 0.13 NCP 0.56 
Ground NCP 0.74 6.39 0.21 0.01 0.64 0.54 0.26 NCP 2.69 
Total NCP 0.93 7.75 0.38 0.02 1.91 0.65 0.39 NCP 3.25 

Surface NCP 74.73 64.72 66.23 114.03 24.58 67.55 75.81 NCP 77.47 
Ground NCP 27.03 14.84 27.32 75.81 21.51 35.89 58.00 NCP 26.72 
Average NCP 36.92 23.57 44.64 98.43 23.55 41.26 63.81 NCP 35.50 

Surface NCP 0.00 0,82 0.06 0.00 0.11 0.00 0.00 0.00 0.08 
Ground NCP 0.05 0.00 0.02 0.01 0.34 0.08 0.11 0.00 0.40 
Total NCP 0.05 0.82 0.08 0.01 0.45 0.08 0.11 0.00 0.48 

Surface NCP NCP 64.59 66.23 NCP 24.58 NCP NCP NCP 77.47 
Ground NCP 27.03 NCP 27.32 75.81 21.51 35.89 58.00 NCP 26.74 
Average NCP 27.03 64.59 54.14 75.81 22.56 35.89 58.00 NCP 35.36 

SPA 
Service 

11 Area 

0.20 4.00 
0.01 11.49 
0.21 15.49 

88.05 56.02 
46.65 21.03 
87.04 30.07 

0.00 1.07 
0.05 1.06 
0.05 2.13 

NCP 61.62 
46.66 30.33 
46.66 46.03 

(a) For purposes of this study, non-water-sensitive crops are defined as wheat, hay, orchard and other miscellaneous 
crops. 
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However, costs per kWh saved do not account for the increased yields that are 

thought to be one of the primary benefits of using improved scheduling on water­

sensitive crop acres. The total potential energy savings of improved 

scheduling on non-water-sensitive crop acres are significantly larger than on 

water-sensitive crop acres because of the larger number of non-water-sensitive 

crop acres. 

Results shown in Table 6.5 indicate that almost 70 percent of the total 

potential energy savings on existing center-pivot non-water-sensitive crop 

acres can be obtained for 30 mills per kWh saved or less. less than 20 

percent of the total potential energy savings would cost more than 50 mills per 

kWh saved to acquire. 

Estimates presented in Table 6.6 indicate again that improved scheduling 

on the new center-pivot acres that are forecast to come into existence in the 

next 20 years is less cost effective than improved scheduling on existing 

center-pivot acres. Only 12 percent of the total potential energy savings on 

new center-pivot non-water-sensitive crop acres are estimated to be obtainable 

for 20 mills per kWh saved or less. Again, this result can be attributed to 

the preponderance of surface water acres in the new acres forecast to be 

developed by 2003. 

6.3 COST PER KWH SAVED AND ENERGY-SAVINGS POTENTIAL FOR IMPROVED IRRIGATION 
SCHEDULING ON OTHER SPRINKLER ACRES 

Estimates of the average cost per kWh saved by subregion from using 

improved irrigation scheduling on existing other sprinkler water-sensitive crop 

acres and the potential energy savings that could result from such usage are 

presented in Table 6.7. The costs per kWh saved estimates for improved 

irrigation scheduling are significantly higher for other sprinkler systems than 

for center pivots primarily because improved scheduling is assumed to be less 

effective in reducing water use on other sprinkler acres. In addition, a 

higher proportion of other sprinkler acres are located in areas where water 

application volumes are relatively low • 

Similar to center-pivot acres, variation occurs among subregions and by 

water source in the energy-savings potential and the cost per kWh saved for 

using improved irrigation scheduling on other sprinkler acres. The 
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TABLE 6.5. Estimated Cumulative Energy-Savings Potential {Ave. MW) in 5-Mill Increments 
of Cost Per kW~ Javed for Improved Scheduling on Existing Center-Pivot Non-Water-
Sensitive Crop a Acres 

Cost Per kWh Saved 
Year Water Source 5 10 15 20 25 30 35 40 45 50 -- --

1984 Surf ace Water 0.00 0.00 0.00 0.56 0.56 1.27 1.27 1.27 1.27 1.34 

Groundwater 0.00 0.00 3.35 6.85 8.61 9.20 11.14 11.14 11.15 11.21 

Total 0.00 0.00 3.35 7.41 9.17 10.47 12.41 12.41 12.42 12.55 

(a) For purposes of this study, non-water-sensitive crops are defined as wheat, hay, orchard, and other 
miscellaneous crops . 
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TABLE 6.6. Estimated Cumulative Energy-Savings 
Potential (Ave. MW) in 5-Mill 
Increments of Cost per kWh Saved 
for Improved Scheduling on 
New re~ter-Pivot Non-Water-Sensitive 
Crop a Acres 

Cost ~er kWh Saved 
Year 0 5 10 15 20 25 30 35 40 45 50 

1985 0.00 0.00 0.00 0.00 0.03 0.05 0.08 0.10 0.10 0.10 0.10 
1986 0.00 0.00 0.00 0.00 0.05 0.10 0.14 0.18 0.18 0.18 0.18 
1987 0.00 0.00 0.00 0.00 0.07 0.14 0.22 0.27 0.27 0.27 0.27 
1988 0.00 0.00 0.00 0.00 0.10 0.19 0.29 0.36 0.36 0.36 0.36 
1989 0.00 0.00 0.00 0.00 0.12 0.23 0.35 0.44 0.44 0.44 0.44 
1990 0.00 0.00 0.00 0.00 0.15 0.26 0.40 0.50 0.50 0. 51 0.51 
1991 0.00 0.00 0.00 0.00 0.16 0.28 0.44 0.55 0.55 0.55 0.56 
1992 0.00 0.00 0.00 0.00 0.17 0.29 0.45 0.56 0.56 0.57 0.58 
1993 0.00 0.00 0.00 0.00 0.17 0.31 0.47 0.60 0.60 0.62 0.62 
1994 0.00 0.00 0.00 0.00 0.17 0.31 0.49 0.63 0.63 0.64 0.65 
1995 0.00 0.00 0.00 0.00 0.18 0.33 0.52 0.67 0.67 0.68 0.69 
1996 0.00 0.00 0.00 0.00 0.20 0.36 0.55 0. 7l 0. 7l 0. 73 0.73 
1997 0.00 0.00 0.00 0.00 0.20 0.36 0.56 0.73 0.73 0.75 0.76 
1998 0.00 0.00 0.00 0.00 0.21 0.38 0.59 0.78 0.78 0.80 0.81 
1999 0.00 0.00 0.00 0.00 0.23 0.41 0.63 0.83 0.83 0.85 0.86 
2000 0.00 0.00 0.00 0.00 0.23 0.43 0.66 0.89 0.89 0.92 0.92 
2001 0.00 0.00 0.00 0.00 0.23 0.44 0.70 0.93 0.93 0.97 0.98 
2002 0.00 0.00 0.00 0.00 0.24 0.46 0.71 0.96 0.96 1.00 1.00 
2003 0.00 0.00 0.00 0.00 0.25 0.48 0.74 0.99 0.99 1.04 1.05 

(a) For purposes of this study, non-water-sensitive crops are defined as 
wheat, hay, orchard, and other miscellaneous crops . 
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TABLE 6. 7. 

Water 
Source 

Energy Savings Surface 
on Existing Ground 
Acres in Total 
1984 (Ave. MW) 

Cost Per kWh Surface 
Saved on Exist- Ground 
ing Acres Average 
(1984 Mills) 

Energy Savings Surface 
on New Acres Ground 
in 2003 Total 
(Ave. MW) 

Cost Per kWh Surface 
Saved on New Ground 
Acres Average 
(1984 Mills) 

Estimated Energy-Savings Potential in Average MW and Cost Per kWh Saved J·n 
1984 Mills for lmproygct Scheduling on Existing and New Other Sprinklerta 
Water-Sensitive Crop~ ) Acres 

Subregion 

1 2 3 4 5 6 7 8 9 10 ---
0.01 0.08 0.08 0.04 0.25 0.11 0.06 0.09 0.02 0.46 
0.02 0.12 0.82 0.11 0.10 0.06 0.05 0.02 0.01 1.67 
0.03 0.20 0.90 0.15 0.35 0.17 0.11 0.11 0.03 2.13 

332.68 104 .12 99.16 85.05 219.66 31.87 121.12 150.92 129.90 139.71 
272.27 42.00 23.47 36.52 174.82 31.09 67.63 110.62 67.37 50.80 
301.55 70.46 41.09 48.96 206.84 31.64 97.08 144.59 111.18 70.29 

NOS 0.18 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.07 
NOS 0.00 0.01 0.09 0.03 0.01 0.01 0.01 0.01 0.29 
NOS 0.18 0.02 0.09 0.05 0.01 0.01 0.01 0.01 0.36 

NOS NOS 103.33 85.05 NOS 37.67 NOS NOS NOS 139.91 
NOS 42.00 NOS 36.52 174.82 31.21 67.78 110.78 67.73 51.02 
NOS 42.00 103.33 59.59 174.82 33.70 67.78 110.78 67.73 67.87 

(a) Other sprinkler irrigation systems are handmove, sideroll, and solid-set systems. 

BPA 
Service 

11 Area 

0.02 1.22 
0.00 2.98 
0.02 4.20 

160.20 133.87 
86.17 47.91 

159.10 76.14 

0.00 0.28 
0.00 0.46 
0.00 0.74 

NOS 106.70 
86.85 75.61 
86.85 87.27 

(b) For purposes of this study, water-sensitive crops are defined as potatoes, corn and other miscellaneous crops . 

• • • 



• 

• 

• 

applications with the highest energy-savings potential are groundwater acres in 

subregions 3 and 10. The energy-savings potential on groundwater acres in 
subregion 10 is particularly significant, because it comprises over 55 percent 

of the total BPA service area energy savings from· improved scheduling on other 

sprinkler water-sensitive crop acres. The lowest estimated costs per kWh saved 

were found for groundwater acres in subregions 3 and 6. 

The total potential energy savings that could result from using improved 

irrigation scheduling are small for other sprinkler water-sensitive crop acres 

because only a small number of such acres are irrigated with other sprinkler 

systems. In addition, results presented in Table 6.8 reveal that only 45 

percent of the total potential savings for other sprinkler systems on water­

sensitive crop acres could be obtained for a cost of 50 mills per kWh saved or 

less. Results presented in Table 6.9 indicate that only 24 percent of the 

estimated potential energy savings on new other sprinkler water-sensitive crop 

acres can be obtained for 50 mills per kWh saved or less. 

Estimates of the average costs per kWh saved and the total potential 

energy savings by subregion for improved scheduling on existing and new other 

sprinkler non-water-sensitive crop acres are shown in Table 6.10. Because of 

the significantly larger number of non-water-sensitive crop acres irrigated 

with other sprinkler systems, the potential energy savings on these acres are 

more than five times larger than the potential savings on water-sensitive 

acres. However, the costs per kWh saved for obtaining these savings are again 

relatively high and are below 40 mills only in subregions with high pumping 

lifts and water application volumes. 

Results presented in Table 6.11 demonstrate that only seven percent of the 

total potential energy savings for improved scheduling on other sprinkler non­

water-sensitive crop acres can be obtained for 30 mills per kWh saved or less. 

Approximately 38 percent of the total potential savings on existing acres can 
be obtained for 50 mills per kWh saved or less. Estimates presented in 

Table 6.12 indicate that only 29 percent of the total potential energy savings 

on new other sprinkler non-water-sensitive crop acres can be obtained for 50 

mills per kWh saved or less • 
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Year 

1984 

TABLE 6.8. Estimated Cumulative Energy-Savings Potential (Ave. MW} in 5-Mill Increme~t~ 
of Cost Per kWh Save~b)or Improved Scheduling on Existing Other Sprinklerl 3J 
Water-Sensitive Crop Acres 

Cost Per kWh Saved 

Water Source 5 10 15 20 25 30 35 40 45 --- --

Surface Water 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.12 0.12 

Groundwater 0.00 0.00 0.00 0.00 0.78 0.87 0.87 0.98 1.23 

Total 0.00 0.00 0.00 0.00 0. 78 0.87 0.99 1.10 1.35 

----

(a) Other sprinkler irrigation systems are handmove~ sideroll, and solid-set systems. 
(b) For purposes of this study, water-sensitive crops are defined as potatoes, corn, and other 

miscellaneous crops . 

• • • 
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TABLE 6.9. Estimated Cumulative Energy-Savings 
Potential (Ave. MW) in 5-Mill 
Increments of Cost per kWh Saved 
for Improved Schedu~i~g on 
New Other Spri~~Jer a Water-
Sensitive Crop Acres 

Cost 2er kWh Saved 
Year 0 5 10 15 20 25 30 ..li.. 40 45 ..2Q_ 

1985 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
1986 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.03 
1987 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.05 
1988 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.06 
1989 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.08 
1990 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.09 
1991 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.03 0.10 
1992 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.03 0.10 
1993 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.03 0.03 0.11 
1994 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.03 0.03 0.12 
1995 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.05 0.12 
1996 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.05 0.13 
1997 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.05 0.13 
1998 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.04 0.05 0.14 
1999 0.00 0.00 0.00 0.00 o.oo 0.00 0.03 0.04 0.05 0.05 0.16 
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.05 0.06 0.17 
2001 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.05 0.06 0.17 
2002 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.05 0.06 0.18 
2003 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.05 0.06 0.18 

(a) Other sprinkler irrigation systems are handmove~ sideroll, and solid­
set systems. 

(b) For purposes of this study, water-sensitive crops are defined as 
potatoes, corn and other miscellaneous crops . 
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Energy Savings 
on Existing 
Acres in 
1984 (Ave. MW) 

Cost Per kWh 
Saved on Exist-
ing Acres 
(1984 Mills) 

Energy Savings 
on New Acres 
in 2003 
(Ave. MW) 

Cost Per kWh 
Saved on New 
Acres 
(1984 Mills) 

TABLE 6.10. Estimated Energy-Savings Potential in Average MW and Cost Per kWh Saved J·n 
1984 Mills for Improved Sg~eduling on Existing and New Other Sprinklerl 3 

Non-Water-Sensitive Cropl Acres 

Subregion 
Water 

Source 1 2 3 4 5 6 7 8 9 10 

Surface 0.07 0.75 1.28 0.25 0.43 1.14 0.67 0.83 0.34 1.89 
Ground 0.08 0.74 1.58 0.93 0.17 0.37 0.28 0.16 0.20 8.17 
Total 0.15 1.49 2.86 1.18 0.60 1.51 0.95 0.99 0.54 10.06 

Surface 327.62 126.45 109.95 100.09 204.64 38.34 110.02 123.33 128.74 129.06 
Ground 267.22 53.19 24.16 43.89 161.43 37.01 63.23 97.33 67.11 46.79 
Average 295.71 89.87 62.56 55.91 192.43 38.02 96.23 118.99 106.13 62.04 

Surface NOS 0.00 0.76 0.08 0.00 0.10 0.00 0.00 0.00 0.27 
Ground NOS 0.05 0.00 0.11 0.16 0.20 0.04 0.07 0.15 1.22 
Total NOS 0.05 0.76 0.19 0.16 o. 30 0.04 0.07 0.15 1.49 

Surface NOS NOS 109.84 100.09 NOS 38.50 NOS NOS NOS 129.06 
Ground NOS 53.48 NOS 44.10 163.02 37.50 63.24 97.50 67.12 46.90 
Average NOS 53.48 109.84 67.82 163.02 37.82 63.24 97.50 67.12 61.85 

(a) Other sprinkler irrigation systems are handmove, sideroll, and solid-set systems. 

BPA 
Service 

11 Area 

1.26 8.91 
0.03 12.71 
1.29 21.62 

147.12 119.51 
79.72 48.18 

145.52 77.41 

0.00 1.21 
0.31 2.31 
0.31 3.52 

NOS 107.86 
79.76 61.59 
79.76 77.42 

(b) For purposes of this study, non-water-sensitive crops are defined as wheatl hay, orchard and other miscellaneous 
crops. 
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TABLE 6.11. Estimated Cumulative Energy-Savings Potential (Ave. MW) in 5-Mill Increme~tj 
of Cost Per kWh Saved fof Jmproved Scheduling on Existing Other Sprinkler a 
Non-Water-Sensitive Crop b Acres 

Cost Per kWh Saved 
Year Water Source 5 10 15 20 25 30 35 40 45 50 

·~~ -- --

1984 Surface Water 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.77 0.77 0.77 

Groundwater 0.00 0.00 0.00 0.00 1.30 1.52 2.24 6.47 6.60 7.40 

Total 0.00 0.00 0.00 0.00 1.30 1.52 3.01 7.24 7.37 8.17 

{a) Other sprinkler irrigation systems are handmove, sideroll, and solid-set systems. 
(b) For purposes of this study, non-water-sensitive crops are defined as wheat, hay, orchard and other 

miscellaneous crops. 



TABLE 6.12. Estimated Cumulative Energy-Savings 
Potential (Ave. MW) in 5-Mill 
Increments of Cost per kWh Saved 
for Improved Schedu~i~g on 
New Other Sprir~Jer a Non-Water-
Sensitive Crop Acres 

Cost Qer kWh Saved 
Year 0 5 10 15 20 25 30 35 40 45 50 

1985 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.09 0.09 0.12 
1986 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.16 0.16 0.21 
1987 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.05 0.24 0.24 0.31 
1988 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.06 0. 32 0.32 0.40 
1989 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.08 0.39 0.39 0.50 
1990 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.10 0.42 0.42 0.54 
1991 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.12 0.46 0.46 0.59 
1992 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.12 0.47 0.47 0.60 
1993 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.13 0.50 0.50 0.64 
1994 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.14 0. 53 0.53 0.67 
1995 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.15 0.56 0.57 0.71 
1996 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.16 0.60 0.61 0.76 
1997 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.17 0.63 0.63 0.78 
1998 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.17 0.64 0.64 0.80 
1999 0.00 0.00 0.00 0.00 o.oo 0.00 0.11 0.19 0.69 0.70 0.87 
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.20 0. 75 0.76 0.94 
2001 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.22 0.79 0.79 0.97 
2002 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.22 0.80 0.80 0.99 
2003 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.23 0.83 0.84 1.03 

(a) Other sprinkler irrigation systems are handmove, sideroll, and solid­
set systems. 

(b) For purposes of this study, non-water-sensitive crops are defined as 
wheat, hay, orchard and other miscellaneous crops. 

It should be emphasized that all of the estimates presented in this 
chapter are based solely upon the direct energy savings of irrigation 

scheduling. The indirect energy savings that could accrue from reducing water 

withdrawals from the regions 1 hydroelectric systems have not been incorporated 

in this analysis. Thus, the total energy savings that could occur from 

• 

improved irrigation scheduling reported here may be significantly understated • 

and the costs per kWh saved may be overstated. In addition, the benefits of 
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the increased crop yields that have been reported for improved scheduling were 
not considered in the study. 

It should also be recognized that the potential water and energy savings 

from the use of improved scheduling have not been extensively demonstrated 
through field testing in the Pacific Northwest. particularly on other sprinkler 
acres. Conservative estimates of these savings were used in this study. The 

possibility exists that further research will demonstrate that improved 
scheduling is more cost effective and has higher potential energy savings than 
the results presented in this chapter indicate . 
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