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ABSTRACT 

Seventeen representative irrigation projects located between Payette and 

St. Anthony, Idaho were selected for study. These cooperating districts 

obtain their water from the Snake River and its tributaries. They range 

in size from 2400 to 150,000 acres and employ a wide range of management 

and wat~r pricing policies, as well as methods of water diversion and 

distribution. 

Information on project administration, operation and maintenance costs 

were gathered for years 1974, 1975, and 1976, and water diversions, deliveries 

and losses were measured or estimated for the 1977 irrigation season. These 

data were analyzed using procedures which expressed water costs and water 

used efficiencies uniformly for all projects studied. Highly significant 

relationships existed between selected 0 & M cost to water use data and ~hysical 

characteristics of project systems. 

Characteristics of conveyance, application and diversion systems 

varied considerably among projects. Annual project operating costs, 

including costs for electrical power, ranged from $1.85 to $61.40 per acre 

and irrigation efficiencies ranged from 12 percent to 59 percent for the 

1977 season. Project diversions ranged for 2.6 to 12.6 acre feet per 

acre. 
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CONCLUSIONS AND RECOMMENDATIONS 

This research project was initiated to assimilate and analyze 

characteristics and operating costs for irrigation water delivery organi­

zations in Idaho. Specific research objectives were: 

1. To obtain water cost information for a wide range of irrigation 

projects diverting water from the Snake River and its tributaries. 

2. To obtain measurements of irrigation proj~ct water-use and irri­

gation effjciencies . 

3. To study relationships between water-use efficiencies and costs 

to define factors that will provide improved water management. 

Operation, maintenance and power costs were collected for the years 

1974, 1975 and 1976 for seventeen irrigation projects in Idaho. Most cost 

information was obtained from annual reports and audits released by irri­

gation project accountants. Costs were broken down into categories common 

to all organizations to facilitate comparison and development of relation­

ships among costs and water-use parameters. Major cost categories included 

administrative, water control, maintenance costs and costs for power 

and water storage. Personnel costs and vehicle maintenance materials 

costs were also evaluated. Costs were expressed as dollars per irrigated 

acre, system mile and system user. All costs were adjusted to 1977 price 

levels using U.S. Bureau of Reclamation 0 & M indices. Costs collected 

for multiple years were indexed and averaged into a single value. A 

list of irrigation projects cooperating in the study is included in Table 

5 of Chapter · IV. 

Project water usage was evaluated for the 1977 season only. 

X 



Information and data such as system diversions and farm deliveries were, in 

most cases, measured by irrigation project personnel, and diversions of 

projects are also measured by the U.S. Geological Survey. Canal seepage 

losses were estimated using canal measurem~nts and infonnation pertaining 

to soil characteristics. Irrigation requirements of project crops were 

calculated using a combination evapotrans~iration equation, crop acreages 

and average cropping dates. Surface runoff 1 asses and retur,n flow from 

projects were measured and estimated by project and University personnel. 

Deep percolation losses were estimated using an inflow-outflow accounting 

procedure of monthly project water use. Two projects experienced water 

shortages during 1977. However, operating procedures and irrigation 

efficiencies did not change significantly during that year. All water 

usage was analyzed for monthly periods on a project-wide basis. 

0 & M cost information, water usage and efficiencies and project and 

system characteristics have been presented in tabular fonn in the report 

text and in report appendices. A simple-linear correlation analysis 

was perfor-med on 213 project statistics. Relationships among and between 

project. cost and water use efficiencies were evaluated and are presented 

and discussed in Chapter VI. These relationships will provide managers, 

planners and administrators with information concerning causes and effects 

among~osts for irrigation project 0 & M and water-use efficiencies. 

Multiple linear statisfical analyses techniques were used to develop 

equations which describe project efficiencies and costs. The number of 

independent variables used in these equations ranged from 2 to 5 variables. 

Variables for which information is more easily available were used when 

possible to develop equations. These equations can be used in future 

studies by irrigation organizations, state .agencies and University 
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resea~chers to estimate variou~ 0 & M -costs of.irrigation projects ·in 

Idaho and to study relationships between various system characteristics. 

Per unit costs for 0 & M categories varied widely among cooperating 

projects due to variations in project shapes, soil types, terrain, age 

and types of water diversion and conveyance. Four of seventeen projects 

pump all water delivered to project farms. Two of these projects deliver 

water to irrigators at pressures sufficient for operation of impact-type 

sprinklers. Groundwater is a major source of water for two projects 

studied, the A & B and the Wood River Irrigation Districts. Average 

pumping lifts for the four major pumping projects range from 90 to over 

600 feet. 

Ages of project systems in 1977 ranged from less than 13 years to 

over 90 years. Total project operating costs (total system costs) ranged 

from $1.85 per irrigated acre to $61.30 per irrigated acre. Costs for 

administration, water control and maintenance only, ranged from $1.80 

per irrigated acre to $12.80 per irrigated acre. Project irrigation 

efficiencies in 1977 ranged from 12 to over 59 percent. 

The authors wish to point out that all cost and water use information 

covered in this report is only approximate. Each irrigation project 

evaluated used a different method of cost accounting; therefore, some 

assumptions in grouping of costs and delineation of cost categories were 

mandatory. Also, many of the water use components listed in the report 

required some estimating to be made for some projects, particularly 

for farm deliveries, operational spills, canal seepage and deep percolati9n 

losses. An equation calibrated and tested for southern Idaho was used 

to etimate crop evapotranspiration (ET) rates. However, for projects 

in areas away from weather data colection sites, inaccuracy of ET estimation 
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is possible due to variation in climatic factors such as wind speed and 

relative humidity from those factors measured. This error is most 

probable for the Bell Rapids, King Hill, Cedar Mesa and Salmon River 

projects where wind speeds and air vapor pressure deficits are generally 

higher in summer months than at the Kimberly measurement site. Overall, 

however, water-use data presented in this report is representative of 

actual use by projects during 1977. New methods of calculating irrigation 

requirements, deep percolation losses and seepage losses were developed 

and tested during this study. These methods are discussed in Chapter III. 

Conclusions 

Specific objectives of this research study were completed; cost 

information and water-use data were gathered for seventeen irrigation 

projects in Idaho, and relationships between water-use efficiencies and 

costs were studied and evaluated. System costs and characteristics 

related to water-use efficiencies were defined. 

Irrigation projects evaluated in this study are diverse and repre­

sent most systems in southern Idaho. Cooperating projects encompass a 

broad range of geopgraphic locations and topographic characteristics. 

Management and operation practices varied among evaluated projects and 

variance in the degree of system operation and maintenance was highly 

significant. 

Management personnel of most cooperating projects were concerned 

with efficient operation of project conveyance systems. However, two major 

objectives of project management are to use diverted water efficiently 

and beneficially and to minimize short run and long run costs of operation. 

These two objectives are often in conflict with one another, and often 

result in a compromise consisting of moderate water-use efficiencies and 

moderately low annual operation and maintenance costs. 
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It is concluded from observations of project operation and data 

collected from projects studied that water-use efficiencies of all projects 

can be increased over present efficiencies with a degree of increase 

dependent on project system types and soil and topographic characteristics. 

As shown in graphical representations of project water-use included in 

Appendix E of this report, deep percolation of water from project 

farms and operational losses of water from project conveyance systems 

caused by spillage of excess water comprise a large portion of system 

diversions for most projects studied. Decreases in these two types of 

water losses could be effected mainly by increases in manpower within 

the water delivery organization and on project farms. Deep percolation 

losses could be decreased and project application efficiencies could be 

increased by increased monitoring of soil moisture levels and crop water 

requirements and use of irrigation scheduling services. Because most 

deep percolation was apparantly caused by overapplication of water rather 

than poor operation or design of application systems, decreases in amounts 

of water applied per irrigation and frequencies of irrigation could be 

decreased with relatively small increases in total per acre operating 

costs. Project conveyance efficiencies of most projects can be increased 

by better measurement and control of water at farm delivery points and 

by reduction of canal spills. Increases in water control personnel would 

be necessary, resulting in higher water control costs. Magnitudes of cost 

increases would depend on existing water measurement practices and numbers 

of measuring devices present in project systems. However, no major 

modification of project or on~farm system designs would be necessary to 

decrease those water losses, 

Increases in project irrigation efficiencies above those attainable 
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using the suggested changes in operation noted above would most likely 

result in substantial increases in costs to system users. These large 

cost increases would result from changes in sys_t.em designs such as lining 

of canal sections, automation of farm deliveries and system diversions, 

conversion of gravity application systems to sprinkler systems or 

improved methods of surface irrigation, and reduction of evaporative 

and seepage losses from water conveyance and storage systems. 

It is concluded by the authors that overall, management personnel 

of the seventeen projects evaluated are knowledgeable .nf system needs and 

water losses and are effective in operating and maintaining project 

systems with monies generated by annual user assessments. These assessments 

are relatively low for irrigation projects in Idaho due to high costs and 

low financial returns present in irrigated farm operations and amounts 

of expenses farm operators are willing to pay for water diversion and 

application. In most cases, benefits obtained by more efficient use 

of diverted water are not considered by project farmers to be of 

sufficient magnitude to offset costs of achieving those higher water 

use efficiencies. 

Analytical methods for cost and water use evaluation used in this 

study were adequate for accurate delineation of cost categories and 

estimation of uses and losses of diverted water within project boundaries. 

Statistical analyses of collected information emphasize ·dfverstties 

within relationships between operation and maintenance costs and uses 

of water within individual irrigat'ion projects in Idaho. 

Recommendations 

Costs for seventeen irrigation projects in Idaho were gathered 

and evaluated for years 1974, 1975, and 1976. These costs were adjusted 
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to 1977 prices. Collection and evaluation of 0 & M costs of these same 

projects for years 1977, 1978 and 1979 and for future years would 

add significantly to the data base used to develop cost relationships. 

Also, expansion of the number of cooperating irrigation water delivery 

organizations in future studies will increase the range of project types 

over which estimating equations developed would provide reliable estimates. 

Measurement and calculation of project water use for years other 

than 1977 for project studies would provide comparisons of variations 

in water use between different irrigation seasons and would define 

actual project water use more accurately. Increased measurement of 

diversions, farm deliveries and operational spills by project personnel 

would add greatly to data accuracy and would decrease significantly 

the task of estimating water use. 

Relationships among project costs and water usage are meant to 

help project management and public administrators to understand concepts 

of project system operation and behavior. Equations presented which 

define 0 & M costs of projects can be used to estimate annual costs 

of other projects similar to those studied. Accuracy of estimates 

will be contingent on accuracy of data used in the equations and 

characteristics of projects evaluated. 
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INTRODUCTION 

The Idaho Water Resources Research Institute (IWRRI) of the University 

of Idaho is concerned with planning, allocation, and consumption of Idaho's 

water resources in manners which will maximize benefits to all citizens 

of this state. Because Idaho's agricultural base depends in large measure 

upon irrigation, assistance in planning for effective use of water for 

irrigation is a major area of interest of the Institute. 

Growing competition for Idaho's water resources by industrial, municipal, 

recreational, and hydroelectrical activities is focusing increased interest 

upon defining and decreasing nonrecoverable or unused water "losses" by 

irrigation entities. In addition, increases in energy costs and demands 

in Idaho dictate more efficient and effective use of pumped or diverted 

water, with larger volumes remaining in rivers and reservoirs for electrical 

power generation. 

Much of Idaho's water diverted for irrigation is distributed to indi­

vidual users by irrigation water delivery organizations know as irrigation 

districts or irrigation companies. These irrigation water delivery organi­

zations, distribute water over large land areas, to beneficially fulfill 

transpiration and evaporation requirements of actively growing crops and 

agrcultural soils. However, not all water diverted for irrigation by projects 

or individuals is used for crop evapotranspiration. Seepage from permeable 

reservoir and canal systems can enter groundwater systems or may be used 

consumptively by phreatophytes. Lack of precise measurement or control of 

water in project systems can result in spillage of water into rivers, surface 

drains or drainage wells. Water which is delivered to project farms may 



percolate into local or regional groundwater systems or may leave project 

farms as return flow. 

All delivery organizations incur costs associated with supplying 

water to project users. These costs are affected by system maintenance 

schedules and problems, water control and measurement techniques and 

attentiveness, topographical constraints, means of water diversion, 

pumping costs, system design, construction repayment and personnel 

requirements. Evaluation of project operating costs, organization per­

sonnel, system characteristics and water usage can provide rel~tionships 

between various project expenditures, physical parameter and water 

use. These relationships can be used to provide information for developing 

improved plans of system management and water conservation for irrigation 

water delivery organizations and water users, and in estimating operation 

and maintenance costs under modified operating regimes. 

Previous Studies 

The University of Idaho, in 1972, completed a four year study of 

operation and maintenance costs of 29 irrigation organizations in the 

western United States (Brockway and Reese, 1973). Cost for administration, 

water control, and maintenance and persqnnel requirements were determined 

by examination of project records and interviews with organization 

managers and staff. Specific function costs such as weed control and measuring 

device maintenance were presented for both open channel and pipe systems, 

with all costs adjusted to a 1968 base. 

Claiborn (1975) determined irrigation water use efficiencies for 

six irrigation projects in the Upper Snake River Region of southern Idaho 

during the 1974 water year. The six irrigation projects were selected as typical 

2 



of irrigation systems in southern and eastern Idaho. River diversion 

data, conveyance system seepage loss data, crop distribution, and return 

flow data were compiled. Deep percolation losses and irrigation efficiencies 

were derived using an inflow-outflow water balance analysis technique. 

Farm efficiencies for the projects in 1974 varied from 11 to 62 percent. 

Project irrigation efficiencies ranged from 10 to 42 percent. By predicting 

attainable farm efficiencies of 60 percent, Claiborn projected attainable 

project irrigation efficiencies to range from 35 to 51 percent. Low farm 

efficiencies recorded by Claiborn were attributed to over-irrigation caused 

by long field runs combined with high intake soils. Claiborn determined that 

lining main canal systems to reduce seepage would not significantly increase 

project irrigation efficiencies, but that large decreases in river diversions 

could be obtained by increasing farm irrigation efficiencies. 

In 1975 the Idaho Department of Water Resources (IDWR) implemented 

a survey of 640 farm operators in four survey regions of southern Idaho. 

The department obtained ratings concerning water use efficiency for selected 

farm operators from locally-based agricultural agency staff and interviews 

with personnel from 14 irrigation water delivery organizations serving the 

area (Kerpelman et al, 1976). 

This project by IDWR was considered to be another step in gathering 

data to be used by the Department in the continuing development of state 

water-use plans. The final report recommended target groups and possible 

incentive programs for improved water-use efficiency. IDWR personnel found 

that many organizations allow farmers free use of water, resulting in con­

tinually open headgates and wasted water. Abuse (over-use) of water by 

individual water users was rarely recorded by most of the surveyed organi­

zations, although responsibility for maintenance of an adequate water 
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supply was principally that of the project management. IDWR personnel 

observed that individual farmers most often do not have the necessary 

overview to manage efficiently an entire project's water supply, and 

concluded that organizations should institute greater control over diversions 

to decrease on-farm water-use inefficiencies (Kerpelman et al, 1976). 

The major perceived problems of the surveyed water organizations were 

anticipating demand and supplying adequate quantities of water. Demand for 

water tended to be nonuniform and simultaneous, indicating that delivery 

of water often cannot be scheduled far in advance because farmers have not 

(or cannot) assess their irrigation needs far in advance. In addition, 

farmers often required water at the same time. Efficient delivery and 

system management, which is often a time-lagged process, was often difficult 

under these circumstances.. Thus~ IDWR theorized that water organization 

improvements and on-farm improvements would serve to compliment one another. 

Often a substantial problem in increasing water use efficiencies was the 

inability of organization personnel and water users to identify and assess 

actual problems in system design, operation and maintenance, although most do 

have some ideas for system improvement (Kerpelman et al, 1976). 

Hammond (1978), in summarizing the IDWR study, suggested that there 

exist two basic points of view from which to consider the effects of more 

efficient use of irrigation water. One view is held by those who may 

benefit from increased water-use efficiency, whereas opposing views are held 

by those who may be adversely affected by decreased water diversions. 

These conflicting points of view imply that a broad approach encompassing 

multiple objectives is necessary in developing a program to promote 

irrigation water conservation. 
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Hammond has stated that the irrigator is most responsible for all 

decisions related to the application of water to the production of crops, 

and that improving on-farm irrigation management is to a large extent 

dependent on the amount of initiative and effort expended by the individual. 

However, Hammond did · conclude that water delivery organizations can prove 

water-use efficiencies through more intensive management practices and 

technology, and by adopting operating policies which encourage efficient 

use of water by member farmers. 

From the 1975 IDWR survey results, it was found that most farm opera­

tors perceive system improvements such as concrete lining of ditches and 

conversion to sprinkler irrigation as the best means of improving operating 

efficiency, water conservation, and crop production, whereas only 3 percent 

of the farm operators surveyed indicated benefits from using some type of 

professional irrigation scheduling service (Hammond, 1978; Kerpelman et al, 

1976). 

In a study by the Interagency Task Force on Irrigation Efficiencies 

(1978), the problem of inefficient irrigation in the United States was examined. 

Recommendations were developed regarding appropriate Federal objectives, 

policies, agency roles and action programs. Alternative irrigation methods, 

systems, and farming practices were reviewed and recommendations regarding 

implementation were established. 

Study Objectives 

This study was initiated to provide information concerning re­

lationships between operation and maintenance costs, personnel require-

ments and water usage for irrigation water delivery organizations in southern 

Idaho. Water usage and efficiencies of seventeen ir~i.gation projects were 
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measured and computed for the 1977 irrigation season. Cost information 

was gathered for a three year period which included the 1974, 1975 and 

1976 irrigation seasons for these same projects. Irrigation projects 

cooperating in this study include the Enterprise Irrigation District, 

Parks and Lewisville Irrigation Company, Osgood Canal Company, Idaho Irri­

gation District, Danskin Ditch Company, Burley Irrigation District, A & B 

Irrigation District, Milner Low Lift Irrigation District, North Side Canal 

Company, Wood River Valley Irrigation District, Salmon River Canal Company 

Cedar Mesa Reservoir and Canal Company, Bell Rapids Mutual Irrigation 

Company, King Hill Irrigation District, Settlers Irrigation District, 

Owyhee Project, South Boar~ of Control, and Little Willow Irrigation District. 

Locations of these projects are indicated in Figure 1. 

Although the 1977 water year was considered a drought year in southern 

Idaho, personnel of the majority of projects studied did not indicate 

noticeable changes in water use or system managment. Two irrigation projects 

encompassing land areas served by the Salmon River Canal Company and the Wood 

River Valley Irrigation District did experience water shortages, necessi­

tating reductions in irrigated areas. However, no significant difference 

in water-use efficiencies were reported for the 1977 irrigation season 

(Worstell, 1978) on these two projects. 
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CHAPTER Il 

IRkiGATIUN PROJECT CHARACTERISTICS 

Irrigation projects in southern Idaho vary markedly in terms of 

shape, size, age, and distribution system design and management. 

However, most Idaho projects do have basic similarities in general 

layout, purpose of operation, organization, and types of equipment 

and costs involved in operation. 

Physical Description 

An irrigation project is composed of an irrigation water delivery 

organization and project water users or farm operators. The delivery 

organization operates and maintains project diversion and distribution 

systems and is re?ponsible for conveyance and delivery of irrigation 

water to individual farms and turnouts or head gates. Project farms 

or on-farm systems distribute delivered water over cropped lands using 

a variety of application systems and methods. 

Distribution Systems 

Construction of irrigation distribution systems in Idaho began in 

the 187o•s along the Boise and Upper Snake Rivers on land areas covered 

with dense sagebrush and native grass associations. Initial systems 

supplied water to lands adjacent to natural streams and supply canals 

were constructed to minimize excavation since all work was done by men 

and animals. These early developemnts are small, generally less than 

10,000 acres. 



Beginning in 1900, larger distribution and conveyance systems with 

control structures were developed by private organizations and Federal 

programs to reach lands lying further from water sources. Technological 

advances in hydraulic and irrigation engineering were used in designing 

most of these systems; therefore, operational water losses are generally 

lower and conveyance efficiencies are generally higher than those of 

earlier systems. 

Successful development of electric and engine-driven pumps, deepwell 

drilling equipment, submersible centrifugal and turbine pumps has in recent 

years allowed increased access to supplies of surface and groundwater for 

Federal and private irrigation development purposes. The A & B Irrigation 

District, Rupert, Idaho, a U.S. Bureau of Reclamation project and the 

Bell Rapids Mutual Irrigation Company, Hagerman, Idaho are two recent Idaho 

developments where water is lifted considerable heights from groundwater and 

surface water sources. 

Prior to 1906, the economic survival of irrigators in Southern Idaho 

was entirely dependent upon heavy spring runoff and sustained summer river 

flows. In 1906, the Jackson Lake impoundment in Wyoming was created by 

construction of a log crib dam at its outflow. The log structure was later 

replaced by a combination earth and concrete dam and the storage capacity 

was increased. By 1926, the necessity to further regulate natural flows 

of the Snake River resulted in construction of American Falls Reservoir, 

designed to store 1 ,700,000 acre-feet of water. Other storage reservoirs 

built since that time include Palisades, Island Park, Lake Walcott, and 

Blackfoot Reservoirs in the Upper Snake River Region, and Anderson Ranch, 

Arrowrock, and Lucky Peak Reservoirs in the Boise River drainage. Irri­

gation storage systems constructed along other Snake River tributaries 
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include Salmon Creek, Cedar Creek,· Magic, and Paddock Valley Reservoirs 

in southern Idaho and Owyhee Reservoir in eastern Oregon. 

Canal systems in Idaho are predominately unlined channels, although 

a few projects have linedshort sections of canal in areas of highiy 

permeable soils or rock outcroppings to decrease seepage losses. Many 

projects have also integrated concrete diversion and control structures 

into the distributive system, as well as concrete chutes and siphons to 

overcome changes in elevation or terrain. Due to system economics, 

however, . unlined . channels r~main : as the major water conveyance system 

in the state. No large irrigation systems in Idaho are composed entirelY 

of pipe, although several utilize large pipe networks pressurized by 

pumps located - along main canals. 

Farm delivery structures (turnouts) vary from wood, concrete, or 

steel gravity structures to high pressure valves. Many turnouts have 

no provision for measuring rates of water delivery, whereas some are 

equipped with weirs, submerged orifices; rated sections, or meters. 

In most projects, turnouts are operated and measured by project personnel, 

referred to as ditchriders in this report. However, in a few systems, 

turnout regulation is performed by irrigators, although rules and 

guidelines concerning scheduling and maximum allowable water delivery 

rates are provided. 

The degree and costs of system maintenance varies substantially 

among water delivery organizations. Large organizations normally perform 

all maintenance and replacement services. Many smaller projects hire outside 

labor and services to maintain their distribution networks, while some 
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regulate system maintenance to lateral associations comprised of water 

users. Projects with extensive delivery systems and those which require 

relifting or pressurization of aiverted water normally have more rigorous 

and costly maintenance programs and facilities. 

Project Farm Systems 

At the turn of this century, flood and border irrigation w~re common 

methods of irrigation across the state, and in the eastern region of Idaho, 

these methods still prevail. Furrow methods are now the dominent form 

of irrigation in the middle and western regions of southern Idaho, 

although large-scale sprinkler irrigation in some areas has come into use 

since the late 194o•s when lightweight steel and aluminum piping became 

economically and commercially available. 

Depending upon soil type, ground slope, field lengths, crop types, 

and management practices, border and flood irrigation can be quite 

efficient. These methods work best on moderately permeable, well­

leveled fields with ground slopes less than 1 percent. Field lengths 

need to be relatively short (less than 800 feet), depending upon soil 

permeabilities, and management of flow rates and lengths and frequencies 

of irrigations is crucial to avoid excessive deep percolation and runoff 

losses. Historically, border and flood irrigation methods in Idaho 

have required large volumes of irrigation water, contributing significant 

recharge to local and regional ground water systems in the eastern part 

of the state (Brockway et. al, 1971; Galinato 1974). 

In contrast to flood or border irrigation, furrow irrigation does not 

wet the entire soil surface. Irrigation is accomplished by running 
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water in small channels (furrows) which convey the water as it moves 

down or across the slope of a field. Efficient irrigation with furrows 

depends on the lateral movement of water from the furrows. A variation 

of the furrow method is the use of small rills or corrugations for 

irrigating close-spaced crops such as grains, alfalfa, or pasture. The 

labor requirement for furrow irrigation is greater than for most other 

methods of surface irrigation. Considerable experience is needed to divide 

the water in the supply ditch into uniform furrow streams and to maintain 

flow rates which adequately irrigate the field while keeping runoff 

and deep percolation at minimal levels. As with border irrigation, 

water can be applied most efficiently with furrows on fields with uniform 

slopes, generally less than 2-3 percent. Soil erosion may be a hazard 

with this method. Furrow irrigation works best on silt loam to loam 

soils, although properly designed and operated systems can be applied 

over a large range of soil types (Booher, 1974). 

A sprinkler system is a network of tubing or pipes with sprinkler 

heads or nozzles attached for spraying water over the land surface. 

Sprinkler irrigation usually functions well over high infiltration rate 

soils and has in many instances reduced water use and soil erosion on 

previously surface-irrigated fields by significant amounts. Sprinklers 

have also allowed irrigated development in areas of steep, undulating 

terrain, short water supplies, or shallow, sandy soils. Commonly used 

sprinkler systems in Idaho include hand-move, side roll (wheel-line), 

solid-set, and center-pivot systems pressurized by electric, natural 

gas, or diesel-powered pumping plants. When properly matched to soil 

intake rates and crop water needs, sprinkler systems with high application 

uniformities can result in high water use efficiencies. However, labor 
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requirements of the non-automated systems can be high, and energy re­

quired to furnish high pressured water to operated sprinkler systems 

can be costly. Advances in low pressure sprinkler technology and automation 

may significantly reduce these costs and requirements. 

System Operation 

A majority of irrigation organizations in Idaho deliver water 

based on a continuous flow principle, where delivery is provided at 

a constant rate. Normally a 24-48 hour notice is required by project 

personnel before an increase or decrease in the farm delivery rate can 

be obtained. Thus, to avoid excessive water spillage, irrigators need 

to direct a constant head of water about their farm and plan, well in 

advance, the future water needs of their crops. This delivery method may 

result in water spillage while changes in irrigation sets are made 

or while sprinkler lines are moved, and does induce use of 12 or 24 hour 

set times, often resulting in over-irrigation and deep percolation and 

nutrient losses. The use of continuous delivery does, however, ·lend 

itself to simplified operation of the water delivery system and most 

often insures all users of adequate delivery rates. 

A few older systems in eastern Idaho operate under the prineiple of 

demand, where the irrigator opens and closes farm turnouts to suit his 

irrigation needs. This method works quite well where an abundant supply 

of water is available to, and in, the distribution system. Operational 

spills along, and at the end, of the system often occur, however, when 

a portion of the water-users terminate irrigation simultaneously. Con­

versely, short term shortages may result during certain periods of high 
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water use. 

In systems where portions of a delivery organization's maintenance 

and water control duties are relegated to lateral associations, users 

along each lateral may share the water on a rotation basis. This prin­

cipal works quite well on laterals having few users and good cooperation 

and communication systems. 

In some irrigation projects where water is delivered to farms under 

pressure conducive to sprinkler operation, continuous flows of water 

are supplied to mainlines, while irrigators operate farm laterals 

according to demand. Guidelines are often provided to farm operators 

defining the maximum number of laterals or risers allowed to operate 

simultaneously on each farm unit. Experience by organization personnel 

is required in operation of project pumping ~ systems to furnish desired 

flow rates and operating pressures during the irrigation season. Often, 

however, to satisfy forseen system demands, project pumps are operated 

at inefficient pumping rates or heads due to inflexibilities in pumping 

plant design, especially during early and late periods of the irrigation 

season and during common times of irrigation set changes (i.e., 8:00_ 

a . m . , 4 : 00 p . m . ) 

With the advent of citizen-band radios and other advances in com­

munication and transportation equipment, increased flexibility and 

troubleshooting of system problems has enabled better system management 

and increased conveyance efficiencies. 

Organization ot Project Water -Usdrs 

The two major types of water delivery organizations operating in 

Idaho are irrigation districts and mutual irrigation companies. These 

two organizations are similar in function and purpose, in that each is 
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established to divert and deliver irrigation water to multiple water 

users and farms. Basic differences between mutual irrigation companies 

and irrigation districts are in their organizational structure. 

The mutual irrigation company or water company, is a voluntary 

organization of landowners formed for the purpose of supplying irrigation 

water, at cost, to lands of company members who own its stock. The 

mutual company is a non-profit corporation that derives its operating 

funds from assessments levied against the shareholders. Companies in Idaho 

are organized under the state•s general incorporation laws, although 

additional provisions exist which place restrictions on their formation 

and regulate company relations with their stockholders. The most common 

apportionment of stock among company shareholders is to issue one share 

of stock for each acre of land to be irrigated. The irrigator is entitled 

to such proportion of water available to the company as his land or stock 

bears to the total. However, in some instances, shares of stock entitle 

the holder to a specific quantity of water or to a specific fraction of 

water available to the company, regardless of the acreage irrigated. 

An example of this instance is the Salmon River Canal Company in Hollister, 

Idaho. 

Irrigation districts are defined in this report as public or .. quasi­

municipal corporations 11 organized under Idaho laws for the purpose of 

providing a water supply for the irrigation of lands embraced within its 

boundaries. Irrigation districts _are empowered by the state to issue 

bonds and derive revenue primarily from assessments levied upon the land 

within the district. Districts in Idaho have public character as a 

political subdivision of the state, with defined geographical boundaries. 

As quasi-public divisions, irrigation districts are created under 
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legislative authority through public agencies with the consent of a specified 

portion of resident landowners or water users. Districts in Idaho have 

an established taxing power with assessments able to serve as liens 

against district land. Districts are also able to generate revenue 

by charging users for water use and, in some cases, sale or rental of water 

or power outside the district. 

In summary mutual irrigation companies in Idaho are private and 

voluntary, whereas irrigation districts are public and involuntary and 

must follow definite procedures laid down by state and Federal statutes. 

Finanacial arrangements of mutual companies rest on its capital stock 

and do not involve the land of the owners, while financial arrangements 

of districts rest directly upon the land to which the water right is 

usually firmly attached. Companies may often exercise certain discretionary 

tolerances in pressing collection of assessments due, whereas districts 

must require prompt payment of all user assessments. Management of 

company affairs is under direct control of water users and consequently 

more removed from local politics than is the case with irrigation districts, 

which are largely controlled by state laws enacted by elected legislators. 

In general, irrigation companies and districts in Idaho follow similar 

management policies concerning operation and delivery of diverted water. 

In this report the terms 11Water delivery organization .. and 11 irrigation 

project .. refer to both mutual irrigation companies and to irrigation 

districts. Seven mutual irrigation companies and ten irrigation districts 

have been evaluated and reported as a part of this study. 

Operation and Maintenance Services 

Irrigation districts and companies were formed and are operated 

to serve the water users or shareholders in the most feasible manner 
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possible. Numerous philosophies and management policies exist among 

organizations in Idaho regarding user services. Each is considered the 

most effective and economical for its particular area and system. 

Personnel 

All water delivery organizations require some form of management to 

insure proper regulation of water delivery, system maintenance, and 

financial affairs. This regulation most often entails the employment 

of office staff to perform overall management, secretarial, and clerical 

functions, water control personnel to oversee conveyance and delivery 

of diverted water, and maintenance personnel to maintain, construct, 

or replace system components. Small projects (less than 5000 acres) 

often require only one or two people to operate the system by combining 

various work functions. Larger irrigation projects or more elaborate 

systems involving pumping plants or long supply networks may employ 

numerous people to perform one task of system operation. 

The board of directors along with office staff and manager comprise 

the administrative section of the irrigation water delivery organization. 

Project managers supervise all system operations and project business 

matters, and act as liasons between boards of directors and organization 

personnel and water users. The manager is in charge of directing daily 

project activities and resolving problems in system operation. 

A board of directors sets company po 1 icy and assessme.nts and 

provides advisory support to project management regarding long-term 

management direction, hiring of personnel, and system maintenance programs. 

Directors often are water users or shareholders and recieve no salary for 

their services, although travel expenses are often provided. Office 
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personnel may include secretaries, treasurers, accountants, hydrographers 

or engineers, who perform daily administrative business. and handle financ1al 

affairs of the organization. 

Water control personnel include project watermasters, ditchriders, 

and pumping plant operators. A watermaster functions as an overseer 

of water delivery operations and serves as supervisor to ditchriders 

who perform actual farm delivery of irrigation water and any system water 

measurement. The position of watermaster is often absent on projects 

less than 30,000 acres. 

Size of irrigation project maintenance crews in Idaho range from 

0 to several hundred employees, depending on system size, age, and design. 

Ditchriders often serve on a maintenance crew during off-season months. 

Equipment 

Most large organizations maintain large fleets of trucks and heavy 

equipment for water control and maintenance operation, whereas smaller 

irrigation organizations may rely on hiring outside labor and equipment 

for maintenance programs. Often, ditchriders furnish privately-owned 

vehicles for transportation and are reimbursed for mileage. 

Age of equipment varies among irrigation projects. Some vehicle 

and equipment fleets are regularly replaced with modern components, 

while some organizations operate equipment purchased 50 years ago. 

Irrigation organizations which pump significant amounts of water often 

operate large, well-equipped shops for .pump repair and rehabilitation. 

Materials 

Large irrigation water delivery organizations undertake much of the 

construction and replacement of component parts of the project using 
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organization personnel and materials. Construct1on activities may 

include turnout fabrication and placement, canal lining, ditch digging, 

or channel straightening. Large amounts of material supplies are used 

by these activities as well as by regular system maintenance activities 

such as weed control, pump motor reconstruction, canal cleaning, 

structure renovation, and vehicle maintenance. 
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CHAPTER III 

Project and System Analysis Techniques 

Various methods of collecting and analyzing project data were used 

to prdvide for accuarate accounting of project costs and water uses as 

well as sytem characteristics. Information and data from each project 

were reduced or rearranged to provide a common format for accurate 

comparison of project characteristics and functions. 

Data Collection 

Assimilation of data describing system operation, costs, design, 

and water use necessitated the use of personal interviews and telephone 

conversations with organization personnel, attainment of annual financial 

reports or audits from the organization, review and use of data from 

previous research studies and state and federal reports, and actual water 

measurement on some projects. A general information file was completed 

for each project with assistance from project employees and personnel from 

the Idaho Department of Water Resources and the United States Bureau of 

Reclamation. Information in each file included financial records, equipment 

lists, personnel salaries and work schedules, crop acreages and distributions, 

system parameters, and material and power uses. Cost information was 

collected for calendar years 1974 - 1976. 

1977 Water Use Analysis 

Evaluation of usage of water diverted by irrigation projects 

requires measurement, estimation, or computation of ali major sources. losses. 

and uses of water within project boundaries. Water-use parameters evaluated 

included operational losses, return flows, farm runoff losses, deep 



percolation, crop consumptive use (evapotransipra~ion), seepage losses, 

effective precipitation, total diversions, and ~ supp~lemetary inflows to 

project lands. 

Measurements of system diversions and farm deliveries by most 

projects was available from the United States Geological Survey (USGS, 

1977) and project personnel. However, in no cases were direct measurements 

of system seepage, evapotranspiration, deep percolation, or farm runoff 

losses available. 

Evapotranspiration 

Monthly evapotransiration (ET) of water by project crops was esti­

mated using a Penman-type equation and regional climatic weather data 

along with crop coefficients based on project crop distributions and 

planting dates. 

The ET equation used is a combination equation modified in Idaho by 

Wright and Jensen (1972) to estimate potential ET from a well-watered 

reference crop of alfalfa with 20 em or more of top growth. 

The modified combination equation is: 

E* = ~~Y ( Rn- G)+ 6~Y 7.44 (0.75 + 0.9923 u) ( e~- ez) (1) 

where: 

E* = the estimated daily evapotrative flux, watts/m2 

Rn =net radiation (estimated from solar radiation), watts;m2 

G = soil heat flux, watts;m2 

u = average wind speed at 2 meters, meters/second 

e~ = the mean saturation vapor pressure in mb at maximum and 
minimum air temperature 

ez = the saturation vapor pressure in mb based on the 0800-hr 
dew point temperature; 

6 = the slope of the saturation vapor pressure-temperature curve; 
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y = the psychrometric constant mb/°C. 

The coefficients in the wind term (0.75 + 0.9923 u) were developed using 

National Weather Service anemometer data recorded at Kimberly, Idaho 

(Jensen, 1972; Wright and Jensen, 1977). 

Potential evapotranspiration (ETP) of a reference alfalfa crop, 

in mm of water per day, equals 0.0353 E*. Equation 1 can be used to 

calculate daily evapotrative flux for daily meteorological data, or to 

estimate average daily ETP using mean weekly or monthly values of radiation, 

windspeed, temperatures, and vapor pressures. Because of missing daily 

weather information for some stations early and late in the irrigation 

season, reference ET was computed on a monthly basis using mean monthly 

weather data collected at 5 sites in southern Idaho shown in Figure 2. 

Information concerning these sites are listed in Table 1. 

Observed solar radiation and wind speed data were available 

from all sites except Hailey. Rad:iation and wind speed for the Hailey-

Silver Creek area were estimated using Kimberly data and relationships 

developed by USDA-AR researchers at the Snake River Conservation Research 

Center, Kimberly, Idaho (Wright and Jensen, 1976). Meteorlogical data 

for the Rexburg station in April and May of 1977 were estimated using 

Kimberly radiation data and temperatures recorded at Idaho Falls. Wind 

speed at the Rexburg site during April and May was estimated from wind 

speeds recorded at Kimberly and Pocatello using wind seep relationships 

between the three stations developed during periods of recorded measure­

ments at all stations. Reference ET for October for the Wilder and 

Rupert stations was estimated using Kimb~rly ET data. 

Evapotranspiration of crops grown in each project studied was 

computed using crop curves developed at the Kimberly Research facility. 
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Figure 2. Locations of weather data collection sites 
which supplied data for evapotranspiration 
calculations. 
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Tab1e 1. Collection Sites For Meteorological Data used in Evapotranspiration Estimation, 1977 

LOCATION 

Rexburg 

Rupert 

Kimberly 

Ha i 1 ey 

Wi 1 der 

AGENCY 

Rick's College 

USBR 

uswso 

USFS 

USBR 

ELEVATION 
(FEET) 

4871 

4162 

3922 

5055 

2425 

1977 
RECORDED 

PERIOD 

May 16- Oct. 31 

Apr. 13-Sept 20 

Apr. 1-0ct 31 

Apr. 1-0ct. 31 

Apr. 8-Sept 21 

IRRIGATION PROJECTS IN REGION 

Enterprise lrr. District 
Parks & Lewisville lrr. Co. 
Osgood Canal Co. 
Idaho lrr. District 
Danskin Canal Co. 

Burley lrr, District 
A and B lrr. District 

M i 1 n e r Low L i f t I r r . D i s t . 
North Side Canal Co. 
Salmon River Canal Co. 
Cedar Mesa Reservoir & Canal Co. 
Bell Rapids Mutual trr. Co. 
King Hi 1 1 I r r. Dis t. 

Wood River Valley lrr. Dist. 

Settlers lrr. Dist. 
South Board of Control Owyhee Proj. 
Little Willow lrr. District 



These curves describe crop water use during specific growth stages in 

relation to evapotranspiration of a reference alfalfa crop ·(Wright and 

Jensen, 1977). Use of these curves requires knowledge of crop planting 

dates or greenup dates for alfalfa, pasture, and winter grains, the date 

of effective or full cover for each crop, and average dates of harvest. 

Crop growth stage dates and computed evapotranspiration are listed in 

Appendix C for irrigation projects .evaluate.d. Crop distribution data 

and 1977 irrigated acreages were obtained from project personnel and the 

U.S. Bureau of Reclamation offices in Burley and Boise, Idaho. 

Precipitation 

Monthly precipitation amounts for the 1977 irrigation season were 

obtained from the United States Weather Service Organization at Kimberly, 

Idaho for weather stations ac~oss southern Idaho (National Weather Service, 

1977). Attempts were made to use precipitation measured at stations in, 

or adjacent to, each irrigation project evaluated, although in some 

instances no collection stations exist within short distances of some 

projects. 

Effective precipitation was defined in this study as that precipi­

tation falling upon an actively growing crop. April rainfall ~as assumed 

to :be zero for fields planted after t1ay 1st, as it was not used to fulfill 

any crop ET requirements for that particular month. Similarly, rainfall 

during late season months was recorded only for cropped areas which 

had not been harvested previous to the date of precipitation. 

Changes _ _i~ Soil Moisture 

Most agriculture soils can store significant volumes of water 
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within the root zone of a crop. This form of water storage is required 

to support corp evapotranspiration and must be replenished by irrigation. 

Once a cropped soil is irrigated to field capacity, moisture levels 

will fluctuate between field capacity and field capacity less evapotran­

spiration over the course of the irrigation season. However, to properly 

account for deep percolation losses, soil moisture was assumed to remain 

constant at field capacity, until shortly before the period of harvest, 

when soil moisture was depleted by some amount depending upon the particular 

crop grown. The assumption of continuity of field capacity through the 

middle part of the growing season seems to be a valid assumption in large 

land areas and where irrigation of fields is of a random nature. 

The fall and winter months of 1976-1977 were characterized by 

abnormally low amounts of precipitation across the southern portion of 

Idaho. Amounts and patterns of this precipitation were similar over all 

irrigation projects evaluated. An estimate of antecedent soil moisture 

conditions was determined using lysimeter and soil moisture data recorded 

at the Kimberly research facility from September, 1976 to April, 1977. 

This data indicated that fall and winter precipitation amounts were 

balanced by soil evaporation during that time period. Therefore, amounts 

of soil water depletion for crops at the start of the 1977 irrigation 

season was set equal to average soil moisture depletions in October, 

1976 after crops had been harvested. General crop rotations for irrigated 

Idaho crops were used to estimate average moisture depletions at the season 

start for crops listed in Table 2. 
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Table 2. Estimated Soil Moisture Depletion for Southern Idaho Irrigated 
Soi 1 s, 1976 - 1977. 

CROP %Depletion 
of available 
moisture 
Oct. 31, 1976, 1977 

Alfalfa 
Beans (Dr·y) 
Corn 
Pasture 
Peas 
Potatoes 
Sugar Beets 
Spring Grain 
Fall Grain 
Onions 
Vegetables 
Orchards 

40 
50 
60 
40 
50 
30 
20 
70 
70 
50 
40 
40 

%Depletion 
of available 
moisture 
Apri 1 1 , 1977 

50 
55 
40 
40 
50 
50 
55 
35 
50 
40 
40 
40 

Previous 
Crop 

Alfalfa, Peas, Grain 
Beans, Beets, Potatoes, Grain 
Corn, Beans, Potatoes, Grain 
Pasture 
Beans 
Grain, Alfalfa 
Grain, Beans 
Beans, Potatoes, Beets 
Grain 
Onions 
Vegetables 
Orchards 

Soil moisture depletions of crops in the spring were dependent upon 

average moisture depletions by crops grown the previous season. Depletions 

listed in Table 2 were used to calculate changes in soil moisture for 

al 1 projects. Soil types for projects were obtained from surveys and maps 

prov1ded by the Soil Conservation Service, i.e., (S.C.S., 1975). Average 

soil depths and water holding capacties of soils were estimated from 

these reports. 

In most cases it was assumed that soil moisture of project lands 

for each crop was recharged by irrigations within a 30 day period following 

the average planting dates, and depletion of moisture was begun 20-30 

days before harvest. Preirrigation of fields planted to dry beans was 

taken into account, and harvesting of sugar beets and potatoes was assumed 

to occur under relatively moist soil conditions (20-30 percent depletion). 

Irrigation of fields following harvest of crops was not considered. 
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Irrigation Requirement 

The irrigation requirement of cropped lands was defined in this 

analysis as that volume of supplementary water required to fulfill 

evapotranspiration requirements of actively growing, well-watered 

crops, in excess of effective precipitation and changes in soil moisture. 

The equation used to compute monthly irrigation requirement is: 

IR = ETc - P + ~S e m (2) 

where: IR = Total monthly project irrigation t·equirement, 
acre-feet per month 

= Cummulative evapotranspiration requirement of 
crops, acre-feet per month 

Pe = Effective precipitation for actively growing crops, 
acre-feet per month 

~S = Net monthly change in soil moisture over entire 
m project, acre-feet per month 

~S is positive if the soil moisture reservoir of cropped lands is replenished m 
by irrigation and acquires a negative sign during periods of net soil moisture de-

pletion before harvest. In midseason months, ~Sm may be comprised of both 

positive and negative components if, during the same month, some crops 

(i.e., beans, corn) receive soil moisture replenishment while other 

cropped areas (i.e., winter grain, peas) undergo soil moisture depletion 

before harvest. Irrigation water applied to project lands in excess 

of the irrigation requirement contributed to deep percolation and 

surface runoff losses. 

Distribution System Seepag~ Losses 
-

Accurate measurement of canal seepage losses for an entire irrigation 

distribution system is often a difficult and involved operation, due to complexities 
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in measurement of all farm diversions from the system~ variation in 

system flow rates over the period of measurement, and inadequacies in 

the applicability of current water measurement techniques (Brockway 

and Worstell, 1970). Seepage rates of many canal systems are also 

known to vary with flow rate and time of season, ··necessitating continuous 

or frequent water measurements to obtain accurate estimates. 

In irrigation projects where accurate measurements of all system 

turnouts and any operational losses are recorded during the season, 

reasonable estimates of seepage losses can be computed using an inflow­

outflow balance. Few projects record all diversions, spills, and farm 

-deliveries, however, necessitating the use of some type of seepage 

estimation procedure. 

A method of estimating system seepage losses based on general soil 

types, wetted canal area, and system flow rates was described by Claiborn 

(1974). This procedure was moditied for this study by includ1ng a time-

rate fu~ction 2of .. seepaga.in the estimation ~quation. This modified 

equation is of the form: 

where: 

q - q . 
S - 0 5 S (1 + d mln) * 2.5 T -0.25 

- · max qmax - qmin 
(3) 

S = estimated daily seepage rate, acre-teet/day 
S =maximum (potential) system seepage rate, acre-

max feet/day computed using measured wetted canal 
areas and a seepage coefficient 

qd = mean system diversion for period evaluated, cfs 

qmax = mean system diversion for period of maximum 
diversions, cfs 

= diversion rate, cfs, below which seepage rate 
remains steady at 0.5 Sma • In this study q . = 0.2q x m1n max 

T = average time, in days after filling of system 
after season start. 
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This equation is used with diversion rates greater that qmin and less 
qd - qd 

than q a . At rates lower than qmin' the (1 + --q _ q . ) term should be 
m x max m1n 

set equal to 1, which fixes seepage losses at a minimum level, independent 

of the system diversion rate. Variable T should be limited to periods 

greater than 40 days, to insure that the 2.5 T-0·25 term is less than 1. 

This time term compensates for reductions in irrigation canal seepage 

rates caused by sealing of canal bottom sub_strate by deposited silts and clay 

particles and decreases in water entering bank storage along the canal 

system. 

Equation 3 was calibrated for use wi~h south Idaho canal systems 

using seepage measurement data collected by Federal and University 

researchers at the Snake River Conservation Research Center, Kimberly, 

Idaho. This equation can be used to estimate canal seepage losses on a 

daily or monthly basis. In this study seepage was computed for monthly 

time increments by setting T equal to the average time since filling for 

the month evaluated, and by substituting the mean monthly diversion rate 

for qd in Equation 3. The qmax term was used to represent the mean diversion 

rate for the month during which the maximum monthly volume of water was 

diverted into the system. 

The S variable in Equation 3 was calculated by multiplying the max 
maximum potential seepage rate coefficient of the canal system, cubic feet 

per square foot of wetted area per day, by the total wetted area of the 

open-channel portion of the distribution system, measured in square 

feet. Seepage rate coefficients for general soil types are discussed 

by Claiborn (1974). A composite coefficient for projects encompassing 

multiple soil types can be calculated as a weighted average based on 

wetted canal areas lying within each soil type. Seepage coefficients 
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used in this study for general soi 1 types r.artged ·~ .from,: 0.35ft3 /ft2/day for 

clays, 0.67 for silty soils, 0.95 for loam soils, and 1.33 ft3/ft2/day 

for soils comprised mainly of sand. Coefficients of other soil types were 

estimated by averaging between those coefficients listed. 

Total wetted canal area of irrigation projects was measured from 

aerial photos supplied by the Agricultural Stabilization and Conservation 

Service (ASCS), USDA. A microscope equipped with a calibrated micrometer 

lens was used to measure top widths of canal sections, and canal length 

were measured with a map distance meter. Field measurements were used 

to verify photo measurements and calibration. Actual wetted perimeters of 

canal sections were computed by multiplying measured top widths by a 

coefficient describing channel shape (Claiborn, 1974). These coefficients 

a,~e 1 i sted in Tab 1 e 3. 

Taole 3. Relationship Between Channel Wetted Perimeters and Measured 
Top vli dths. 

Average Channel Top Width 
(feet) 

0 - 12.5 

12.5 - 25 .0 

25.0 - 200.0 
- 200.0 

Project Return Flow 

Wetted Perimeter 
Coefficient 

1.30 

1.20 

1 • 10 
1. 05 

Project return flow is defined in this report as the portion of 

irrigation water leaving a project's boundaries in the form of surface 

flow. This volume of water is generally comprised of spills from 

canal systems or surface runoff from on-farm application systems. 

31 



Surface flows resulting from springs recharged by distribution system 

seepage or farm deep percolation losses were not included in this term. 

Project return flow, as used in this study, does not account for canal 

spills or surface runoff recycled within project boundaries. Therefore, 

projects are not penalized for individual farm inefficiencies if resulting 

runoff is reused by farms at lower elevations. 

Few irrigation projects measure return flow or canal spills from 

the distribution system because of the increased labor and equipment 

required. This lack of measurement has necessitated the use of various 

estimation techniques based on project size, shape, and design. 

Claiborn (1974) derived coefficients describing biweekly return 

flows in relation to system diversions for six irrigation projects also 

evaluated in this study. These 1974 coefficients of return flow (CRF) were 

used with 1977 project diversions to estimate monthly project return flows 
from the Enterprise, Idaho, A & B, and Burley Irrigation Districts, 

uanskin Ditch Company, and the North Side Canal Company projects during 

the 1977 irrigation season. Estimates of North Side return flows were 

also adjusted tlsing measurements of various return flow sites taken 

during 1977. 

Return flows from Milner Low Lift, Settlers, and the •s• portion 

of A & B Irrigation Districts were measured during 1977 by University 

of Idaho personnel. Coefficients of return flow computed for sub-drainage 

areas of these districts were applied over total project areas to estimate 

total project return flows. 

A coefficient of return flow was calculated for Parks and Lewisville 

Irrigation Company using water use information reported by Brockway and 

deSonnevtlle · (1973) for the 1972 irrigation season. This CRF was used 
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to estimate return flows during 1977. Simularly, monthly 1977 return 

flows from the South Board of Control were estimated using CRF's calculated 

from · return flow data collected during 1975 and 1976 by project personnel. 

Return flow from the Osgood Canal Company system is aischarged into 

waste wells at the system end. Average flow rates discharged into the 

wells were estimated for the 1977 irrigation season by project management 

and water control personnel. Flow rates of water in the Little Willow 

Irrigation System at the lower project boundary was estimated by area 

users and by measuring the area of land irrigated using Little Willow 

return flow as a water supply. 

Return flow from King Hill Irrigation District, comprised almost 

entirely of operational wastes and spills, was determined using diversion, 

farm delivery, and estimated seepage loss information, and performing 

an inflow-outflow balance. 

No significant return flows were reported for 1977 from Wood River 

Valley Irrigation District, and Salmon River, Cedar Mesa, and Bell Rapids 

Mutual Irrigation Company lands. 

Portions of project return flows originating as farm runoff were 

determined through interviews with project managers, ditchriders, project 

farm operators, and University researchers. Runoff was determined for A 

& B and SBOC projects using recorded operational spills and estimated 

1977 project return flows. 

Deep Percolation 

Deep percolation of water through a soil profile oc~urs whenever the 

amount of water applied exceeds the water holding capacity of the crop 

root zone. In this study deep percolation was assumed to occur whenever 
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monthly farm deliveries exceeded the cummulative project irrigation re­

quirements plus runoff losses. Deep percolation losses were assumed to 

occur uniformly under all actively growing crops. The equation used to 

describe deep percolation is: 

where: 

DP = FD - IR - SR 

DP = deep percolation, acre-feet/month 

FD = farm deliveries, acre-feet/month 

IR = Irrigation requirement, acre-feet/month, 
as defined by equation (2) 

SR = Farm runoff leaving project boundaries, 
acre-feet/month 

(4) 

Farm deliveries were either obtained from measurements recorded by project 

ditchriders or were estimated using the equation: 

where: 

FD = TI - S - OL (5) 

TI = total project inflow, acre-feet/month 

S = distribution system seepage losses, acre-feet/month 

OL = operation spills from distribution system leaving 
project as return flow, acre-feet/month 

Deep percolation losses, as well as seepage losses, were assumed 

to leave the project through local or regional groundwater systems or as 

surface water originating from springs. 

Water-Use Measurement 

Most surface water diverted by irrigation projects in Idaho is 

measured by personnel of the ·United States Geological Survey and reported 

in annual water distribution reports (USGS, 1977). Some projects 

which pump surface water or projects located on small tributaries often 

rely upon pump operators or ditchriders to measure or estimate surface 

diversions. 
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In projects where pumps are used to supply groundwater to supplement 

surface diversions, pumping rates are rarely recorded. In these cases, 

diversions were estimated from power records, total pumping heads, and 

estimated pump efficiencies, using the equation: 

where: 

Q = 0.99 kwh (E) 
h 

Q = monthly volume ot groundwater pumped, acre-feet 

kwh = monthly power use, Kilowatt-hours 

E = estimated pump efficiency, decimal 

h = total pumping head (average static head + pressure 
head), feet. 

Equation 6 was used to estimate supplementary groundwater diversions 

for Osgood Canal Company, and Milner Low Lift, Wood River Valley, and 

Settlers Irrigation Districts during the 1977 irrigation season. Total 

diversions by Bell Rapids, Cedar Mesa and Little Willow projects were 

estimated by project management personnel and project ditchriders during 

(6) 

the 1977 irrigation season using weirs, flumes, stage recorders, and 

current meters. Return flow measurements were obtained in the same way, 

or by using estimation procedures outlined in previous sections of this 

chapter. 

Water~use Efficiencies 

The performance of an irrigation system or activity is often rated 

using terms developed to indicate relative efficiencieswith which 

irrigation water is applied to a beneficial use such as crop production. 

System efficiency is often an indication of the adequacy of irrigation 

system design and management and can be used to describe irrigation 

operations ranging from individual fields to large river basins. Irri­

gation efficiency does not necessarily indicate the absolute use 
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or conservation of water. Water 11 lost 11 from one operation or project 

may be recovered and reused by another, thereby increasing over-all 

efficiency of water use over the larger area (Hammond, 1978; Jensen, 

1975, 1976.) In this study three terms, project conveyance efficiency, 

project application efficiency, and project irrigation efficiency, 

were used to define the effectiveness of the distribution system, farm 

systems, and overall project in beneficially using diverted water. 

Project conveyance efficiency has been defined as the percent of 

water supplied to or diverted by a project distribution conveyance 

system which is delivered to farm turnouts (Jensen, 1967). Project 

conveyance efficiency, as used in this report, is indicative of the 

magnitude of seepage, evaporative and operational losses from an open 

or closed distribution system in proportion to volumes of water conveyed. 

In equation form, project conveyance efficiency is defined as: 

where: 

FD 
Ec = IT (100) 

E = project conveyance efficiency, percent c 

FD = farm deliveries, volume per unit time period 

TI = total system inflow, volume per unit period. 

Project application efficiency is used in this report to indicate 

(7) 

the portion of farm deliveries used to fulfill the consumptive irrigation 

requirement of project crops and soils. A high project appl1cation 

efficiency indicates relatively low losses of delivered water to deep 

percolation and to the runoff portion of return flows, although large 

volumes of runoff could still occur from individual fields or farms if 

it is recycled or reused within the system. Large deep percolation 

losses could also occur from individual fields within a project, although 

the project application efficiency may indicate relatively low losses 
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on the project level. Project application efficiency is defined as: 

E = 1B_ ( 100) (8) a FD 
where: Ea = project application efficiency, percent 

IR = irrigation water requirement, defined in equation 
2, volume per unit time period 

FD = total project farm deliveries., defined in equation 
5, volume per unit time period. 

Project irrigation efficiency is the percent water diverted by 

a project used to fulfill consumptive irrigation requirements of irrigated 

cropland. Project irrigation efficiency has the equation form: 

where: 

IR 
E1 = TI ( 100) 

E1 = project irrigation efficiency, percent 

IR = irrigation water requirement, defined in equation 
2, volume per unit time period 

TI = Total system inflow, volume per unit time period. 

(9) 

· E E 
Project irrigation efficiency can also be computed as E1 = (1g0) (1g0) (100). 

Project conveyance, application, and irrigation efficiencies were 

computed for all projects on a monthly basis and for the entire 1977 

irrigation season. These efficiencies are listed in Apprendix D and 

are presented in graphical form in Appendix . F. 

System Characteristics and Physical Parameters 

Physical and operational characteristics of projects were grouped 

into general categories so that comparisons between projects and 

relationships among costs and efficiencies could be evaluated. 

Project Size 

Project land areas irrigated in 1977 were obtained from organization 

records, 1977 USBR crop reports, and recent University studies. These 

areas were compared to measurements of 1975 irrigated areas published 
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by the Idaho Department of Water Resources (IDWR, 1978) to verify 

· their accuracy. Assessed· acreages of distnicts were recorded 

from organization annual reports. Assessed acreages for companies 

were estimated using the number of company shares and maximum allowed 

irrigable areas per share. 

Crop distributions were obtained from USBR 1977 crop reports for 

most projects. Distributions for Milner Low Lift, Wood River, Cedar 

Mesa, Bell Rapids, and Little Willow were determined from estimates 

by project management and previous research studies. Aithough the 

1977 crop distributions reported are approximations, they are felt 

to be representative of actual project conditions. 

Total project water distribution system lengths recorded and used 

in parameter analyses include all mainlines and laterals owned, operated 

and maintained by organization personnel. Underground pipeline mains 

are also included. 

Project perimeters were measured from maps following the general 

outline of land areas supplied with water. A compactness ratio was 

then calculated by dividing the project perimeter by the circumference 

of a circle with an area equivalent to that of the project. The compactness 

ratio serves as an indication of the proximity of service areas within 

project boundaries. 

Farm and Terrain Information 

Project water users, as defined in this report, represent the number 

of farm operators irrigating total land areas greater than 20 acres in 

size. City lot users were not included. 

Maximum and minimum elevations of irrigable land areas within 
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project boundaries were measured from USGS topographic maps and average 

land slopes were determined from contour maps and by visual inspection. 

Slopes were divided into two general classes ranging from 0 - 3% and 

3 - 10% slope. General soil types, average depths, and water holding 

capacities were estimated from SCS soil surveys of counties in southern 

Idaho. Average farm sizes were determined according to mean areas 

of land operated by single farm operators or water users. 

Project farm application systems were classified into two major 

groups, namely gravity or surface systems and sprinkler systems. Land 

areas irrigated with sprinkler systems in 1977 were estimated by project 

personnel and farm operators. 

Distribution System Information 

Distribution system type, conveyance channel wetted area, maximum 

diversion or carrying capacity, and number of turnouts were recorded 

for each project conveyance system. System types were classified as 

open channel or pipe, and lengths of concrete lined channel were also 

delineated. System turnouts reported in this study are those farm 

turnouts operated or maintained by organization personnel. Turnout 

structures along user- or association-operated laterals were not 

included. 

Active irrigation production wells operated by delivery organi­

zations were recorded along with pumps operated for surface and ground­

water diversion, pipeline pressurization, or as canal relift stations. 

Individual user-operated wells and pumping systems were not included. 

The term ditchrider includes any organization personnel assigned 



to jobs pertaining to control and delivery of water during the irrigation 

season. Project watermasters are included as ditcbriders, whereas 

fulltime pumping plant operators are not. Estimates of average dai.ly 

mileage per ditchrider were obtained from project management. 

Projects which have received substantial Federal assistance in 

initial system construction or post-construction rehabilitation have 

been classified as 'Federal • projects. Successful Carey Act projects, 

although· constructed on Federal land, are considered to be of private 

origin insofar as financial backing is concerned. 

Information concerning irrigation company and individually­

owned water rights was obtained from project records and from the 

Idaho Department of Water Resources . . A weighted water right for each 

project was computed by multiplying company or individual water· right 

dates by the designated flow rate of each respective right. These 

products were then added for each project and divided by the total 

cumulative flow rate of the individual rights. The weighted water 

right was used as in indicator of project age. 

Usable reservoir storage available to irrigation projects evaluated 

in this study was assumed equivalent to off-project storage contracted 

from the US Bureau of Reclamation (USBR) and potential storage in 

privately-owned reservoirs such as Salmon Creek Reservoir. Volumes 

of reservoir storage available to projects in 1977 were based on April 

1, 1977 readings. 

Project Costs and Personnel Requirements 

Annual costs of operating and maintaining irrigation project 

systems vary from year to year due to changes in maintenance needs or 

difficulties in operation, or because of general economic inflation. 
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All cost data analyzed in this report were collected for years 1974, 

1975, and 1976 and adjusted to 1977 cost levels using the equation: 

cl977 = ' 1·28 cl974 + 1·19 cl975 + 1·09 cl976) I 3 
-

Equation 10 was used to smooth out yearly fluctuations in annual 

costs by averaging data for the three years collected. Coefficients 

(10) 

used in equation 10 represent general inflationary increases in irrigation 

project operation and maintenance costs for USBR projects in the Western 

United States. These coefficients can be computed using 1974-1976 as 

base years and calculating the appropriate index to 1977 from cost 

indices reported in the USBR report on irrigation 0 & M cost trends 

(USBR, 1978). These indices are listed in Apprendix H. System costs 

were adjusted to 1977 to coordinate with water use data collected in 

1977. 

Power and reservoir 0 & M costs were analyzed for 1977, only, as 

these costs are directly related to project water use. 

In cases where cost ~ata were ~is~ing for one year, an average 

adjusted cost was computed by deleting the appropriate term in equation 

10 and dividing by 2 rather than 3. 

Operation and Maintenance Costs 

Project 0 & M costs have been separated in this study into three 

major categories entitled administrative, water control, and maintenance 

costs. The following definitions of these costs will be used throughout 

the remainder of this report. 

Administration Costs 

Administration costs are those costs associated with the management 

of a project, including managerial and clerical personnel costs as 

41 



well as office expenses. Specific items included are director•s fees, 

travel for administrative purpose, office supplies, office machines, 

building heat, telephone, electricity, accounting, insurance and bonds, 

election expenses, water and sewer charges, building rental postage, 

advertising and printing, state, county and city taxes, legal and pro­

fessional fees, and communications equipment. 

Water Control Costs 

Water control costs are those costs associated ·with diverting and ·. 

delivering water from the inlet of the distribution system to the farmer•s 

headgate. Included in these costs are salaries, wages and personnel 

benefits, vehicle costs, and housing costs of water masters, ditchriders, 

and pumping plant operators during the irrigation season. Housing through­

out the year for ditchriders is allocated . to water control because of the 

strategic location of these houses. Costs for power and off-project 

reservoir 0 & M are not included in water control costs. 

Maintenance Costs 

Maintenance costs are the costs required to keep a project in 

operable condition. These cost include the salaries, wages, and personnel 

benefits of the maintenance force, equipment costs, materials and vehicle 

costs associated with the upkeep of the district. Functions included 

as maintenance are structure repairs, cleaning, weed control, canal and 

lateral shaping, riprapping, painting, pumping plant maintenance 

including motor rebuilding, drain cleaning and upkeep, building upkeep, 

and vehicle and equipment repair. Maintenance does not include complete 

.structure replacement. 

Most irrigation water delivery organizations do not use a standard 

form of 0 & M cost accounting. Therefore, separation of costs listed 
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in annual financial reports into the specific categories common to all 

projects studied often required approximations by project personnel. 

Costs were also itemized in this study for personnel costs, material 

costs, vehicle depreciation, and equipment use for each of the three 

0 & M cost categories. 

Estimates of 0 & M costs for lateral associations operating in 

Enterprise and Settlers Irrigation Districts and Danskin Ditch 

Company project lands were included in cost breakdown and labor 

requirement estimates of these projects. 

1977 Power Costs 

Cost for electrical power used by project pumping stations during 

the 1977 irrigation season were obtained from project records and power 

bills. Monthly power use (kwh) values were used to calculate volumes of 

ground water pumped by Settlers, Wood River, Milner Low Lift, and 

Osgood projects using equation 6 • . Power costs and usage for project activi­

ties other than pumping, such as lighting and heating are included as 

administrative costs and are not included as 1977 power costs. 

Reservoir 0 & M 

Reservoir operation and maintenance costs incurred by irrigation 

projects have been itemized independent of project 0 & M costs since 

storage for most projects reported in this study is provided in off­

project reservoir systems managed through the USBR. Because the amount 

of money annually paid to the Bureau for reservoir 0 & M is proportionate 

to storage use, reservoir 0 & M costs were evaluated for 1977 only, 

to coincide with water usage. Likewise, operation and maintenance costs 

for project-operated reservoirs such as Salmon Creek, Cedar Creek, Paddock 

Valley, Lake Walcott, Milner, and Wilson Lake were evaluated for 1977 only. 
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Vehicle and Equipment Costs 

Annual depreciation of project owned vehicles and equipment was cal­

culated using an equivalent annual capital recovery cost (CRC) dependent 

upon initial cost, salvage value, service life and interest rate. The 

equation used to compute a CRC is: 

CRC = (Initial Cost- Salvage Value) (CRF) +Salvage Value (i) (11) 

Where CRC = annual capital recovery cost, dollars per year 

CRF = capital recovery factor 

i = annual interest rate on investments. 

The capital recovery cost reflects the cost of capital investments in 

equipment which could otherwise be used for investment in other activities. 

An interest rate of 6.0 percent was selected as an average obtainable 

rate of return on investments for Idaho irrigation projects. 

Average expected service lives for project equipment and estimated 

salvage values are listed in Table 4. No irrigation system equipment 

such as flumes, turnouts, pumps or small tools were included in capital 

recovery cost calculations. Miscellaneous equipment listed in Table 4 

includes air compressors, portable welders, spraying equipment, etc. 

Vehicles and equipment of vintages earlier than estimated service lives 

listed in Table 4 were assumed to have no capital recovery costs. 

Table 4. Vehicle and equipment estimated service lives and salvage value. 

Category Est. Service Life 
(Years) 

Automobiles 
Light Trucks (Pickups) 
Trucks 
Tractors-Trailers 
Drag Lines 
Tractors & Backhoes 
Misc. Equipment 

5 
5 

10 
15 
20 
20 
10 
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Est. Salvage Value 
(Percent) 

25 
30 
10 
10 
10 
10 
0 

Cap. Recov. 
Factor 
(i = 0.06) 

0.2374 
0.2374 
0.1359 
0.1030 
0.0872 
0.0872 
0.1359 



Depreciation costs were also estimated for vehicles and equipment 

owned and operated by project personnel and contracted maintenance or 

construction companies. Depreciation on ditchrider-owned vehicles was 

calculated at one-third of mileage costs or about $0.05 per mile driven. 

Machinery and equipment costs for maintenance, machining, or construction 

services, performed by nonproject personnel including lateral associations, 

were in most cases estimated at one-third of total outside costs. 

Maintenance Materials 

Costs for material supplies used in system maintenance were itemized 

for the years 1974, 1975, and 1976 and adjusted to 1977 cost levels 

using equation 10. Materials used for repairing of canals, structures, 

turnouts, pumps, motors, buildings, radios, and shops are included in 

this itemization along with chemicals used for weed and moss control. 

However, costs for maintenance and repair of project maintenance equip­

ment and vehicles are not included in the maintenance materials category. 

Personnel Costs 

Personnel costs include actual salaries and wages paid to organi­

zation employees in addition to any contributing FICA payments, State 

Workmen's Compensation, life, health, accident, and retirement plan 

costs. Annual costs for the years 1974, 1975, and 1976 were adjusted 

to 1977 costs levels using USBR irrigation 0 & M cost indices and equation 10. 

Personnel costs were divided into three categories: administrative, 

water.:: contro 1 , and maintenance. In cases where an employee performs 

duties involving more than one category, his or her wages and benefits 

were apportioned according to the share of time spent working in each 

category. 

Administrative personnel include the project manager, secretaries, 
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treasurers, accountants, hydrographers, lawyers, and engineers engaged 

in administrative business and financial affairs. Fees and cost allow­

ances for members of a board of directors were not included as personnel 

costs. 

Wages and benefits, including housing ~osts, or project watermasters, 

ditchriders and pumping plant operators were included as water control 

personnel costs. 

All project personnel costs pertaining to system maintenance such as 

weed spraying, chaining, concrete work, structure repairment, shop work, 

canal reshaping, and equipment, pump and motor repair were relegated 

to maintenance personnel costs. 

Labor Requirements 

Average labor requirements of organizations were measured in terms 

of man-years, where 1 man/year (MY) is equal to the employment of one 

person over a full calendar year. Labor requirements of partial-year 

organization positions, such as ditchriders employed during summer months 

only, were determined in fractions of man-years. 

Total man-years of required labor were calculated for administrative, 

water control and maintenance personnel. As with personnel costs, organization 

positions involved in multi-category activities such as both administration 

and maintenance were split according to the amount of time spent on each 

activity. A full time employee was assumed to work a minimum of 40 hours 

per week. A three-year average man-year value was computed for all projects. 

A average project personnel cost was computed by dividing total 

personnel costs by total man-years of labor. This average cost repre­

sents average wages plus employee benefits such as insurance, workman~s 

compensation, FICA payments, and housing adjusted to 1977 cost levels. 
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Gross Crop Value 

Average estimated crop yields of irrigated farm land within each 

project were used with late 1976 crop prices to compute gross crop values. 

An average crop value was calculated with 1977 crop distribution data. 

Crop yields, prices, gross crop and values are listed in tables in 

Appendix B. 

Total System Costs 

Three total cost definitions were used to describe project organization 

costs. Relationships between these totals are shown in Figure 3. 

"Total 0 & M Cost" is defined as the sum of project administrative, 

water control and maintenance costs, and is equal to the total cost of 

fulfilling system operation and maintenance requirements, not including 

pumping power and reservoir 0 & M costs. All costs included in the total 

0 & M cost are average _costs for years 1974, 1975 and 1976 adjusted to 

1977 cost levels. 

Electrical power costs for operation of project pumping plants during 

the 1977 irrigation season were added to annual total 0 & M Costs to 

compute "Total Project Cost." Power used for activities other than pumping 

and electrical power consumed by private pumping units are included in 

the administrative cost category. 

The term "Total System Cost" is used in this study to reflect annual 

operation costs of an entire irrigation project system, including operation 

and maintenance costs of off-project water storage reservoirs and on­

project power use. 
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Figure 3. Relationships between Irrigation Project Annual Cost Categories. 
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CHAPTER IV 

ANALYSES DF IDAHO IRRIGATION PROJECTS 

The seventeen irrigation projects evaluated for this study supply 

water to 454,000 acres of irrigated Idaho land, totalling 16 percent of 

the irrigated land area in the state. These projects vary significantly 

in size, age, location, organization, and management, providing a 

representative cross-section of irrigation water delivery entities in Idaho. 

Regional Description 

The majority of cropped land in Southern Idaho is irrigated with 

water from the Snake River System and major tributaries. The Snake River 

originates in south eastern Idaho and western Wyoming and flows in 

a westerly direction across the south Idaho plain to the Oregon-

Idaho border as shown in Firgure 1 in Chapter I. Development of gravity 

irrigation projects in this region began in the late 188o•s along the 

Snake River in eastern Idaho and followed the river across the state. 

Later irrigation developments occured on lands north of the Snake river 

in central Idaho using pumped groundwater from the Snake Plain Aquifer. 

Geography 

Irrigated agriculture is the predominant industry and water consumer 

in the southern half of Idaho. The population of the 19 major irrigated 

counties in this area was 567,000 in 1975, with 195,000 of these people living 

in rural areas (Idaho Almanac, 1977). The gross value of agricultural 

goods produced in 1977 from irrigated Idaho farms exceeded 600 million 

dollars (Idaho Agricultural Statistics). Production of many of these farm 

goods is dependent on the well-developed network of water storage and 
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hydroelectric power structures along the Snake River system. Farms 

in irrigated portions of Idaho are typically small, less than two hundred 

acres. However, larger farm sizes can be found in irrigated areas 

developed since 1940 where groundwater pumping is the major method of 

water diversion. Most Idaho farm enterprises are family owned and operated. 

Physiography 

Beginning in Clark and Fremont counties in eastern Idaho, the Snake 

River Plain is a long, broad zone of low relief extending across southern 

Idaho. This moderately level plain, sloping from east to west, consists 

of a variety of relatively recent basaltic flows of considerable depths. 

Occasionally the low relief of the Snake River Plain is broken by the 

occurence of buttes, also of volcanic origin. The Snake River bisects 

the plain in eastern Idaho and flows through deep, vertical-sided 

canyons cut through successive basalt flows in the central and western 

portions of the state. 

The Snake River Plain is bounded on the north and south by mountainous 

terrain of mixed geologic origin, varying from limestone and calcareous 

sedimentary rocks to silic volcanic rocks such as rhyolite. Granitic 

formations of the Idaho Batholith are found in the mountains forming 

the north boundary of the plain. With the exception of the Boise and Payette 

Rivers in Western Idaho, most tributaries enter the Snake River Plain 

through deep basaltic canyons. 

Underlying the area of the Snake River Plain north and west of 

the Snake River in the eastern half of the state is the Snake Plain 

Aquifer. The aquifer is contained within the basaltic flow and interflow 

sedimentary beds composing the Snake River Plain and is the most prolific 

water bearing sequence of rocks in Idaho with an estimated annual recharge 
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of 6.5 to 7.5 million acre feet of water. The aquifer provides an 

abundance of water for irrigation by means of groundwater pumping, 

and springs from the aquifer are used for power generation and by commercial 

fisheries. Much of the recharge to the Snake River Aquifer results from 

irrigated areas in eastern Idaho along Henry's Fork and the Upper Snake 

River (Brockway et al, 1971). 

Soils 

The majority of soils comprising the Snake River Plain are of aeolian 

origin. These loess depos·its of silty and loamy soils are from 10 to 

over 60 inches deep over basaltic bedrock. Along the Snake River and 

tributary va 11 eys, a 11 uvi a 1 ., soi 1 s predominate and vary in texture from 

deep sandy loams to gravelly loams. Deep layered soils of lacustrine 

origin are found in the Terreton-Mud lake area and along terraces in 

the Boise River Valley. 

Overall, the major soil types of the Snake River Plain area vary 

from gravelly and sandy loams to silt loams. Common depths of these 

soils range from 30 to over 60 inches and average water holding capacities 

vary from 1.5 to 2.7 inches of water per foot of soil. Infiltration rates 

are highly variable from soil to soil, ranging from 0.6 to over 6 inches 

per hour. Most soils are moderately calcareous in subsoil and soils 

of high sodium content are rare. 

Climate 

The climate of southern Idaho is characterized by cool winters and hot, 

dry summers in the western and central portions and moderately cold 

winters and moderately cool to warm summers in the eastern portion of 

the state. Precipitation falls mainly during winter months in the entire 

region, although occasional summer thunderstorms caused by orographic 
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uplift of air masses passing over adjacent mountains are not uncommon in 

the southwest and southeast areas of the state. Average annual precipita-

tion ranges from about 6 inches in the east to over 12 inches in the southwest. 

The frost free season in eastern Idaho along the upper Snake and Henry•s 

Fork is adequate for row crops such as potatoes, but not field corn or 

beans. However, the frost free season in western and central Idaho is 

sufficiently long for cultivation of a wide variety of crops. 

Crops 

Predominate crops grown in western central Idaho include spring and 

fall planted wheat and barley, affalfa hay, potatoes, dry and edible 

beans, grass pastures, field corn, sugar beets, sweet corn, peas, 

onions, orchards, mint, hops, and melons. Relative crop distributions 

and varieties grown vary in these areas with location and market prices. 

Some areas with undependable or inadequate irrigation water supplies are 

often planted to short season crops such as wheat or barley or to crops 

with low water requirements or high drought tolerances. An example of 

a water short area is land irrigated with water supplied by the Salmon 

River Canal Company, Hollister, Idaho, where grain, dry beans, and 

alfalfa are the predominate crops. 

In eastern Idaho, where the growing season is somewhat shorter due 

to higher elevation, major crops are limited to potatoes, wheat, barley, 

alfalfa, pasture, and some sugar beets. Crop distributions also vary 

in this area, depending on location, irrigation system types, and market 

trends. 

Moderate to high yeilds are achieved for most irrigated crops 

grown across southern Idaho with variable fluctuations in yields among 

individual farms and climatic regions. 
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Farm Development 

Sizes of irrigated farms vary across southern Idaho. In eastern 

Idaho many small farms are operated part time by farmers with off-farm 

jobs. Most of these farms are original homesteads too small to com­

fortably support a present day family. The average farm size on older 

projects in eastern Idaho is generally less than 100 acres, and most are 

serviced by small, independent water delivery organizations. 

Most land in central southern Idaho was brought under irrigation 

and settled under the Carey Act of 1894 and the Desert Land Act of 1877, 

where a family could acquire 320 and 640 acres respectively, if they 

could bring water to it. Farms tend to be larger in size in this region, 

ranging mostly from 75 to 200 acres with many farm operations in Desert 

Land Entry areas exceeding 600 acres. The majority of farms in central 

Idaho are operated by full-time farmers. The size of water delivery 

organizations in this area are normally somewhat larger than in the 

eastern portion of Idaho. 

Western Idaho farms, many of which lie within U.S. Bureau of Reclama­

tion projects, average less than 100 acres in size. Many of these farms 

along the lower Snake, Boise and Payette Rivers were settled in the 1890-

1910 period and receive water by gravity diversion. 

Average farm sizes in southern Idaho have increased since 1940 

although most remain family operated. Conversion to sprinkler systems 

and other modern irrigation practices has brought about changes in 

management and economics of many irrigated farms, although most farms in 

the eastern and western portions of southern Idaho are operated and managed 

much as they were in the early 1900's. 
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Project Descriptions 

Seventeen independent irrigation projects in Idaho have been 

selected for study and analyses of seasonal water use in relation to 

annual system 0 & M costs. Seven projects are managed as private or 

mutual irrigation or canal companies, and ten projects are organized into 

quasi-public irrigation districts. Ages of the 17 water delivery organiza­

tions studied range from 8 to over 95 years. Management, climate, crops 

and irrigation systems vary significantly among the projects studied. 

Table 5 is a list of irrigation water delivery organizations studied, 

along with headquarters locations, origins, and average elevations of 

the project lands. Locations and relative boundaries of these projects 

are shown in Figure 1 in Chapter I. Individual maps of irrigation 

projects showing boundaries, canal and pipe systems, inflow and return 

flow gaging stations, and diversion points are included in Appendix 

A of this report. 

Table 5. Origins, average elevations, and headquarters locations of 
irrigation water delivery organizations evaluated. 

Year of Average 
Irrigation Project Headquarters Origin Elevation 

Enterprise Irr. Dist 
Parks & Lewisville Irr. Co, Inc. 
Osgood Canal Co. (U & I Sugar) 
Idaho Irr. Dist. 
Danskin Ditch Co. 
Burley Irr. Dist. 
A & B Irr. Dists. 
Milner Low Lift Irr. Dist. 
North Side Canal Co., Ltd. 
Wood River Valley Irr. Dist­
Salmon River Canal Co., Ltd 
Cedar Mesa Res. & Canal Co. 
Bell Rapids Mutual Irr. Co. 
King Hill Irr. Dist. 
Settlers Irr. Dists. 
South Board Control, Owyhee 
Little Willow Irr. Dist. 

St. Anthony 
Rigby 
Idaho Falls 
Idaho Falls 
Blackfoot 
Burley 
Rupert 
Murtaugh 
Jerome 
Bellevue 
Hollister 
Castleford 
Hagerman 
King Hill 
Boise 
Homedale 
Payette 
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1905 
1888 
1962* 
1905 
1883 
1908 

1954-1971** 
1916*** 
1907 
1883 
1908 
1921 

1970-1974 
1908 
1884 

1913-1935***'* 
1913 

5070 
4800 
4780 
4680 
4460 
4160 
4250 
4240 
3630 
5060 
4500 
4520 
3270 
2670 
2580 
2400 
2460 



* 

** 

*** 

Initial system originated in 1900. System was rehabilitated to 
high pressure farm delivery in 1962. 
Constructed by the U.S. Bureau of Reclamation in stages beginning 
in 1954 with construction of the •A• portion of the district. 
Organized and expanded into an irrigation district in 1952. 

**** Gem Irrigation District started in 1913; Owyhee project and diversion 
to Ridgeview District begun in 1935. 

Descriptive parameters and costs of the irrigation projects evaluated 

are listed in tables in this chapter and in the report appendices. A 

general resume of the irrigation projects is given in the following 

text. Projects are described in order of general location along the 

Snake River, beginning in eastern Idaho (Figure 1). 

Enterprise Irrigation District 

Located in Fremont and Madison counties in eastern Idaho, the 

Enterprise Irrigation District is comprised of 63 water users and 5970 

irrigated acres. A map of the Enterprise project and canal system is 

shown in Appendix A. Rectangular in shape and oriented north to south, 

Enterprise users divert water from the Falls River, 8 miles north of 

the project service area. The unlined delivery system crosses the Teton 

River north of Newdale through a buried concrete siphon built after 

the original wood-stave structure was destroyed by the Teton Dam flood 

in 1976. 

Enterprise project lands are serviced by a 15 mile-long unlined main 

canal system and 12 laterals. The project originated in 1905 by private 

investment and was constructed with horses and scrapers. The Enterprise 

District experienced frequent water shortages until the late 193o•s, 

when reservoir storage space was purchased to supplement the Falls 

River flow right. The project system is managed by a board of 3 directors 

and a ditchrider is employed to deliver water to 12 user-operated 

laterals. Maintenance of these laterals is on a volunteer basis by 

individual water users. Average farm size in the district is 95 acres. 
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Because of rolling topography of the Enterprise project, 95 per­

cent of the farm land is irrigated with sprinkler systems pressurized 

by on-farm pumps. Major crops grown on the uniform silt loam soil are 

potatoes, alfalfa, and spring and winter grain. Gross crop value of 

crops grown in 1976 averaged$276 per acre. 

In 1977 an average of 3.4 acre feet of water per irrigated acre 

was diverted to the Enterprise District and 2.7 acre feet per acre was 

delivered to farms. Total project irrigation efficiency during the 

1977 irrigation season was 44 percent. Enterprise water users have 

relatively low system 0 & M costs, averaging $3.98 per irrigated acre 

in 1977, including lateral maintenance costs by farmers. The 1977 

0 & M assessment by the district was $2.00 per irrigated acre, as $1.98 

per irrigated acre of system 0 & M costs was expended directly by farmers 

for operation and maintenance on user-operated laterals. 

Parks and Lewisville Irrigation Company, Inc. 

The second oldest canal system in the upper Snake River area, the 

Parks and Lewisville Irrigation Company was incorporated in 1888 by 

private funding. The entire Parks and Lewisville project is situated 

in Jefferson county, south and east of the Snake River. Water is 

diverted into a system of three canals totaling 33 miles in length 

from the Great Feeder Canal, also known as the Dry Bed of the Snake River. 

The North, South, and Missionary Canals in turn deliver water to 8500 

acres of irrigated project lands operated by 150 water users. Parks 

and Lewisville employs one ditchrider to deliver canal water, but owns 

no water control or maintenance equipment. System maintenance is performed 

by nonproject personnel as needed. 
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Parks and Lewisville project lands are quite flat, with farms 

averaging 57 acres in size. Sandy loam is the major soil type in the 

area. The main crops of spring grain, potatoes, and alfalfa are 

surface irrigated by flood and furrow methods. Average gross crop value 

in late 1976 for this proje'tt was $364 per acre. 

The canal system of the Parks and Lewisville project cuts into 

highly previous subsoils, contributing large volumes of diverted water 

to local and regional groundwater supplies. Large applications of water 

to project fields also contribute to groundwater recharge with very 

little runoff leaving farm lands. A total of 12.5 acre feet of water 

per irrigated acre was diverted into project canals in 1977, and an 

estimated 6.2 acre feet per acre was delivered to project farms. The 

Parks and Lewisville Irrigation Project irrigation efficiency indicates 

that 12 percent of diverted water was used to fulfill crop water re­

quirements in 1977. The lowest system 0 & M averaged $1.85 per acre per 

year and the 1977 irrigation assessment totaled $1.70 per irrigated acre. 

Osgood Canal Company 

The Osgood project is unique among other eastern Idaho irrigation 

projects in that water is delivered to individual farms at pressures 

sufficient for sprinkler operation. Located in Bonneville county, 

the entire project service area of 6220 irrigated acres is owned by 

a corporation which leases farm land to 17 water users on a sharecropping 

basis. 

Originally constructed in 1900 as a gravity flow system delivering 

water to small, irregular fields in rolling terrain, the Osgood Canal 

Company, Inc. canal system was renovated in 1962 by replacing farm 

gravity laterals with buried high pressure pipelines. Large, rectangular 
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fields were formed by combining smaller fields and farms. Project farm 

sizes now average 360 acres. Booster pumps along the 7 mile unlined 

main canal supply pressurized water to farms through 22.6 miles of 

buried laterals with risers for farm sprinkler system hookups .. 

Thirty pumps with a total of 3~25 horsepower lift Snake River water into 

the Osgood canal and pressurize pipelines in 12 locations along the 

canal system. Electrical power for pump ; operation is supplied by 

a private utility. Two deep wells are also used to produce water for 

irrigation of 620 acres of Osgood land. Excess water in the canal system 

is directed into waste wells at the end of the system. 

Average slopes of the silt loam soils of the Osgood project are 

less than 3 percent, although much of the terrain is of a rolling 

nature. All land is sprinkler irrigated, with potatoes, sugar beets, 

and spring grain being the major crops. 

The Osgood project is also unique in that water users are not 

assessed for system 0 & M costs. All power, operation, and maintenance 

costs, which averaged $27.71 per acre at 1977 prices, are paid by the 

canal company. Operating revenue is generated through sharecropping 

agreements with farm operators. 

Osgood Canal Company employs 2 ditchrtder-pump operators and diverted 

a total of 2.7 acre feet of water per acre in 1977 from surface and ground­

water sources. Farm deliveries in 1977 averaged 2.2 acre feet per 

acre, and the 1977 total project irrigation efficiency was 53 percent. 

The gross value in late 1976 of harvested crops was $340 per irrigated 

acre. 
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Idaho Irrigation District 

The Idaho Irrigation District, privately organized in 1905, is 

long and narrow in shape, beginning north of Idaho Falls and running 

south and west through Bonneville and Bingham counties, ending just 

north of the Blackfoot River. In addition to spring flood waters received, 

the Idaho system diverts water out of the Snake River to irrigate 35,600 

acres through a distribution network of 150 miles of unlined canals and 

laterals. A map of the Idaho Irrigation project is included in Appendix A. 

The Idaho Irrigation District employs a sizable work force, with 

four ditchriders hired to direct and measure farm deliveries to 540 water 

users. Average farm size in the district is about 80 acres and average 

slope of the sandy loam soils is less than 3 percent. The majority of 

farms in the Idaho Irrigation District are privately owned and operated. 

Farmland within the Idaho project boundaries has historically been 

irrigated by surface methods. However, since 1970, 35 percent of the 

project land has been converted to sprinkler systems pressurized by on­

farm pumping units using canal water. This conversion to sprinkler has 

taken place largely for more precise control of irrigation water appli­

cations on potato crops for increased yields. The major crops grown 

in the Idaho Irrigation District are potatoes, spring and winter grain, 

and alfalfa hay. Small acreages of corn, pasture, and sugar beets 

are also cultivated. The average gross crop value of Idaho District 

crops was $302 per acre. This high value is due largely to the price 

of potatoes in late 1976 ($2.90/cwt). 

Because of the long length of canal system and sandy loam soils, 

the Idaho project experiences relatively high volumes of seepage losses 

and return flows, resulting in a conveyance efficiency of only 54 percent. 

An average of 8.8 acre feet per acre was diverted to the Idaho project 
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in 1977 and 4.8 acre feet per acre was delivered to project farms. 

The total project irrigation efficiency in 1977 was 17 percent. 

System operation and maintenance costs of the Idaho Irrigation 

project are quite low. The three year average system 0 & M costs, 

computed with 1977 cost indices, averaged $3.77 per acre. The 1977 

0 & M assessment by the district was $4.00 per irrigated acre. This 

assessment did not include any construction repayment costs. 

Danskin Ditch Company 

Lying west of the Snake River in Bingham County, farm lands serviced 

by the Danskin Ditch Company were among the first lands irrigated in 

Idaho. The 20 mile long unlined canal and lateral system was created 

with horses and hand shovels. The Danskin system and project lands 

are today much the same as when originally settled, although some 

subdivision of farms and acreages has occured in recent years, reducing 

the irrigated acreage to about 4730 acres in 1977. 

Danskin project canal laterals are operated and maintained by in­

dividual groups of farmers along each lateral and lateral water is ro­

tated among the water users of each group. One ditchrider is employed 

by the company to direct water to the laterals. There are approximately 

80 water users in the Danskin Canal Company project, and prgject farms 

average less than 75 acres in size. 

Border irrigation is the predominate method of irrigation on the 

loamy project soils, as project terrain is very flat. Less than 10 

percent of the area is sprinkler ir~igated. Because of the small farm 

sizes and loam soils, grass pasture is the major crop, with moderate 

amounts of spring and winter grain, alfalfa, and potatoes also grown. 

The average gross value of irrigated crops in the project was $189 
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per acre in late 1976. 

During the 1977 irrigation season, 12.6 acre feet of water per 

irrigated acre was diverted by the Danskin Ditch Company from the Snake 

River, and about 10.3 acre feet per acre was delivered to project laterals. 

An average 19 percent of diverted water was used by project water users 

to fulfill crop water requirements during 1977. Annual system 0 & M 

costs, including costs to lateral associations, averaged $2.30 per irri-

gated acre at 1977 prices. The 0 & M assessment by Danskin Ditch 

Company in 1977 was $4.71 per irrigated acre. 

Burley Irrigation District 

In 1908 lands of the Burley Irrigation District were brought under 

irrigation as part of the Minidoka Project of the U.S. Bureau of Reclamation. 

Located in Cassia County, Burley Project lands receive water lifted 

from the South Side Canal, which originates at the Walcott Reservoir 

on the Snake River (Figure 1). Three relift pumping stations along the 

90 mile main canal are responsible for delivering water to 570 users 

and 41,440 irrigated acres situated on terraces above the Snake River. 

The total length of the Burley water distribution system, including 

laterals, is 267 miles, all of which is unlined open channel. 

Fifteen pumps, totalling about 13,000 horsepower, elevate canal 

water 30 feet at each lift. The total lifting capacity of the initial 

relift station is about 1000 cubic feet per second. All pumps are of 

a centrifugal design and are original equipment. All pump ·maintenance 

and repair is performed by Burley project personnel. Power for Burley 

is generated by facilities at the Minidoka Dam of Lake Walcott, also a 

part of the Minidoka project. Generating facilities at the dam are 
I 

maintained with funds supplied mostly by the Burley District, which also 
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shares profits from the sale of excess power generation. The Burley 

Irrigation District employs 10 ditchriders and 8 full-time pump operators 

during the regular irrigation season. 

Farms in the Burley Irrigation District average 75 acres in size and 

are 99 percent surface irrigated. Silt learns, loams, and sandy loams 

are evenly distributed throughout the irrigated lands on slopes of zero 

to four percent. The distribution of crops grown in the Burley project 

are listed in Table 6 of Appendix C. Major crops are beans, alfalfa hay, 

spring and winter grain, sugar b~ets, corri for silage and grass pasture . . 

The weighted average gross value of these crops in late 1976 was 

$208 per acre. 

Water diverted into the Burley Canal sytem in 1977 totalled 5.7 

acre feet per acre, with 4.2 acre-feet per acre delivered to project 

farms. The average project irrigation efficiency during the 1977 season 

was 30 percent. System 0 & M costs, averaged for 1974, 1975, and 1976 

and adjusted to 1977 prices totalled $13.70 per irrigated acre per year. 

The 0 & M assessment of the Burley Irrigation District was $14.23 in 

1977. 

A & B Irrigation District 

Located in Minidoka and Jerome Counties north of the Snake River, 

the A & B Irrigation District is one of only a few Federal irrigation 

projects which pump a major portion of their water from a system of 

deep wells. The A & B Project is comprised of two separate land areas 

with differing water sources and distribution systems. The 'A' 

portion of the project diverts water from the Snake River above Milner 

Dam, lifting water 150 feet into a 64 mile long canal and lateral system to 

irrigate 14,570 acres of farm land. The first portion of the A & B 
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District to be constructed, Unit A began operation in 1954. 

Using turbine pumps to lift water 200 feet from wells drilled into 

the Snake Plain Aquifer, the U.S. Bureau of Reclamation began irrigating 

sections of Unit Bin 1961. Final construction of canal laterals and 

well systems in Unit B was completed in 1971, although management of 

the A & B Irrigation District was relegated to the private water users 

by the Bureau in 1966. 

A total of 166 miles of unlined canals and laterals are used in 

the total A & B project to convey irrigation water to 516 farm operators 

farming a total of 73,850 irrigated acres. A total of 191 pumps with 

34,500 combined horsepower are used to lift water from the Snake River 

in Unit A and from 177 deep irrigation wells in Unit B. Forty-four 

full-time employees operate project equipment, including eleven ditchrider­

pump operators and two watermasters. 

Farms in the A & B Irrigation District average 149 acres in size 

and are about 90 percent surface irrigated with the balance irrigated 

with sprinklers. The terrain of the project is mostly rolling with slopes 

averaging greater than 3 percent. Soils of the area are loams and silt 

loams greater than 60 inches deep. Crops grown on A & B project lands 

include spring grain, alfalfa, sugar beets, dry beans, potatoes, and 

winter grain. The gross value of these crops averaged $259 per acre 

in late 1976. 

The A & B project is unique among most projects evaluated in that an 

additional water charge is assessed against users demanding annual 

farm deliveries in excess of 3 acre feet per acre. This charge by the 

district managment is felt to deter wasteful use of pumped water. An 

average of 3.8 acre feet of water per irrigated acre was diverted by 

Units A and B during the 1977 irrigation season and farm deliveries 
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averaged 3.4 acre feet per acre, indicating a project conveyance effi­

ciency of 90 percent. Total project irrigation efficiency during 1977 

averaged 41 percent. With the aid of low cost Federal power, A & B has 

been able to hold down total system 0 & M costs to a three year average 

of $16.33 per irrigated acre in 1977. The 0 & M assessment by the 

district in 1977 averaged$14.50 per irrigated acre. All routine system 

and pump maintenance is performed by project personnel. 

Milner Low Lift Irrigation District 

Originated in 1916 and incorporated into an irrigation district in 

1952, the Milner Low Lift project lifts water from Lake Milner on the 

Snake River to irrigate 13,480 acres of farm land. The 50 mile long 

unline canal system is located in Cassia and Twin Falls Counties south 

of the Snake River and supplies water to 85 farm operators. Fifty 

pumps with a total of 5510 horsepower are located at Milner Lake and at 

one relift point along the main canal system. Power for pumping is 

supplied through the Bonneville Power Administration. A small irri­

gation well is occasionally used to supplement canal flows near the system 

end. Two ditchriders are employed by the district to measure and 

deliver canal water. 

The terrain of the Milner Low Lift District is of a rolling nature 

with slopes averaging greater than 3 percent. The main soil type of 

project lands is silt loam. Project farms average 163 acres in size and 

are 99 percent surface irrigated. The major crops grown on the Milner 

project are dry and edible beans, spring and winter grains, and alfalfa 

hay, with lesser amounts of peas, potatoes, and sugar beets. The gross 

crop income of project farmers in late 1976 averaged $243 per irrigated acre. 

Snake River diversions in 1977 totalled 4.2 acre feet per acre, 
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with 3.5 acre feet per acre delivered to project farms. The average 

project irrigation efficiecny in 1977 was 32 percent. The system 

0 & M cost for Milner Low Lift District members for the years 1974, 1975 

and 1976 averaged $14.40 per irrigated acre at 1977 price levels. The 

1977 0 & M assessment to water users was $11.94 per irrigated acre. 

North Side Canal Company, Ltd. 

Located in Jerome, Gooding, and Elmore Counties, the North Side 

irrigation project is one of the largest irrigation entities in Idaho, 

encompassing 340 square miles. The Northside Canal Company, Ltd. 

was incorporated in 1907 as part of an ambitious effort to open up new 

farm land north of the Snake River in central Idaho through provisions 

of the Federal Carey Act. Construction of the 755 mile network of main 

canals and laterals was accomplished with horses and steamshovels and 

explosives in areas of basalt outcroppings. This distribution system 

presently delivers water to 1100 water users on 149,340 acres. Lands 

served by the North Side Pumping Company (12,200 acres) were not included 

as a part of the North Side project during this study. 

North Side project farms average 136 acres in size and are 70 percent 

surface irrigated, with 30 percent of the project irrigated by sprinkler. 

Eightypercentof the project is rolling terrain with slopes greater than 

3 percent and frequent areas of rock outcroppings exist in the loam soils. 

Major crops grown in the North Side project are alfalfa hay, spring and 

winter grain, dry and edible beans, grass pasture and potatoes. Small 

amounts of field corn, sweet corn, dry peas, and sugar beets are also 

harvested. The gross value of these crops, calculated for late 1976 

prices in proportion to acreages planted, averaged $275 per acre. 

Because of the extensive canal network and large areas of permeable 
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soils, the conveyance efficiency of the North Side canal system was 

64 percent in 1977. The majority of system losses were due to canal 

seepage, with small amounts of operational waste returning to the Snake 

River through return flow points along the canyon rim. The North Side 

Canal Company diverted 5.3 acre feet of Snake River water per irrigated 

acre in 1977 and delivered 3.4 acre feet per acre to project farms. 

Total project efficiency for 1977 was 38 percent. 

Total system operation and maintenance costs of the North Side 

project are relatively low, averaging $6.00 per irrigated acre in 

1977. Part of this cost is for maintenance of Milner Dam and Wilson Lake. 

The 1977 0 & M assessment of the North Side Canal Company was $5.99 

per irrigated acre. 

Wood River Valley Irrigation District 

Because it has no reservoir water storage system to store spring 

river flows, the Wood River Valley Irrigation District is often subjected 

to late summer surface water shortages, especially in years of low winter 

precipi~ation. Located in a wide, flat, mountain valley in Blaine 

County near Bellevue, Idaho, this organization of 32 water users has 

diverted water from the Big Wood River for purposes of irrigation since 

1883. 

In addition to the absence of surface water storage facilities, 

Wood River Valley Irrigation District is plagued with highly permeable 

and shallow gravelly silt loam soils and a high seepage loss conveyance 

system. The area does have, however, groundwater system within 10-60 

feet of ground surface which is being developed by individual farmers 

as a supplemental source of irrigation water. 

The district conveyance system is a series of unlined canals and 
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laterals totalling 22 miles in length. Over 8000 acres of district 

lands are potentially irrigable, although less than 7200 are normally 

irrigated due to subdivision and residential development of some project 

areas. Because 1977 was anticipated as a water short year, only 4850 

acres of Wood River Valley District lands were irrigated and farmed. 

Sprinkler systems were used to irrigate 42 percent of farmed land in 1977 

and groundwater pumped by individual farmers compose 43 percent of project 

diversions. Although fewer acres were farmed in 1977, project operation 

procedures and irrigation efficiencies did not significantly vary from 

1976 to 1977 (Worstell, 1970). 

One project ditchrider is employed to measure and deliver canal 

water to farms averaging about 200 acres in size. No equipment or 

vehicles are owned by the irrigation district. 

Alfalfa hay is the major crop grown in the Big Wood River Valley, 

with two thirds of the crop harvested twice each season. About one third 

of the alfalfa crop of the Wood River Valley District is cut only once. 

Considerable amounts of spring grain are grown in the valley and some 

land is used for pasture for grazing. The average gross crop value in 

the Wood River Valley Irrigation District was $167 per acre in late 

1976. 

An average of 9.6 acre feet of water per acre was diverted to district 

lands during 1977, with 4.1 acre feet per acre of the diverted water 

pumped from the shallow aquifer system. Farm deliveries averaged 7.3 

acre feet per acre and total project irrigation efficiencies averaged 

21 percent for the season. Actual canal conveyance efficiencies of the 

district system were only 58 percent, although a composite conveyance 

efficiency, considering water delivered by on-farm pumps, averaged 76 

percent. On-farm pumps in the irrigation district consumed about four 
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million kilowatt-hours of electrical power during the 1977 season. 

Wood River Valley Irrigation District total system costs averaged 

$2.91 per 1977 irrigated acre and the 1977 0 & M assessment by the 

district was $1.88 per acre irrigated that year. A map of the Wood 

River project is included in Appendix A. 

Salmon River Canal Company, Ltd. 

The Salmon Falls Development began in 1908 in southern Twin Falls 

County under the Carey Act, and water was first delivered to Salmon 

Tract lands in 1911. 

Initial project development plans were to irrigate 130,000 acres; 

however, because of low watershed yields and high conveyance system 

losses, the project service area of the Salmon River Canal Company 

was reduced to 72,000 acres around 1915 and further reduced to 35,000 

acres in 1918 by a Federal Court decree. Of these 35,000 acres, about 

31,000 are classified as arable. As shown on the map of the Salmon 

River Canal Company system in Appendix A, project service areas are 

widely separated from one another by unfarmed land created by the initial 

acreage reduction. During a number of years since 1918, less than the 

potentially irrigable 30,000 acres in the Salmon tract were planted due 

to low reservoir levels and low precipitation amounts. Forecasts of 

seasonal water supplies and corresponding maximum irrigable acreages 

are annually estimated for project users by the Soil Conservation Service. 

Project irrigation water is stored in a 180,000 acre feet capacity 

reservoir located behind a concrete arch dam built in 1910 on the Salmon 

Falls creek. System diversions are made through a quarter-mile-long 

tunnel extending through a canyon wall alongside the 210 foot structure. 

The 109 mile long system of canals and laterals of the Salmon 

Tract is 90 percent unlined channel, with about 10 miles of lateral 
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pipelines. Salmon River Canal Company shareholders have, in the past, 

had to call upon U.S. Bureau of Reclamation assistance and Federal funding 

for renovation of project conveyance and delivery systems to increase water 

use efficiencies and to line and rechannel canal sections with high water 

losses. 

Farms of the 174 Salmon Tract Water users average 170 acres in 

size and are comprised mainly of silt loam soils less than 35 inches deep. 

One half of the project lands have slopes exceeding 3 percent. Seven 

ditchriders are employed by the company to measure and regulate system 

deliveries. Dry and edible beans, spring grain and alfalfa are the 

primary crops grown on the Salmon Tract, with small acreages of corn, 

peas, alfalfa seed, and potatoes also harvested. Gross value of these 

crops averaged $195. per acre in late 1976. 

The amount of project lands planted to and irrigated in 1977 was 

estimated by the USBR to total 19,770 acres, due to lack of precipitation 

the previous winter and low reservoir levels. Of these 19,770 acres, 

9 percent were watered with sprinkler systems. Salmon River Canal Company 

diverted 3.8 acre feet of reservoir water per 1977 irrigated acre in 

1977 and delivered 2.4 acre feet per acre to project farms. The project 

conveyance efficiency in 1977 averaged 63 percent, and the resulting 

project irrigation efficiency averaged 36 percent. System 0 & M costs 

averaged for the years 1974, 1975, and 1976 equalled $9.80 in 1977, as 

did the Company's 1977 0 & M assessment. 

Cedar Mesa Reservoir and Canal Company 

Located in western Twin Falls County, the Cedar Mesa Reservoir and 

Canal Company (CMRCC) delivers water to 4030 irrigated acres on a parcel 

of land referred to as the Roseworth Tract. Water is supplied to the 
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Tract through unlined canals and natural stream beds from the Cedar Creek 

Reservoir financed and built in 1921 by private investors. Original 

development plans were to irrigate 14,000 acres with Cedar Creek waters. 

However, the reservoir water supply was soon found to be adequate for 

irrigation of only 4030 acres of actual farmland. Having changed ownership 

several times duri~g the first 20 years of operation 60 percent of the 

CMRCC is presently controlled by one private interest, with the land leased 

to tenant farmers. In total, 10 water users operate Roseworth Tract 

farms averaging 400 acres in size. 

Irrigation water released from the Cedar Creek Rservoir is controlled 

by the company ditchrider using a regulating reservoir adjacent to project 

lands to adjust daily flow rates. The project conveyance system 

below the regulating reservoir consists of 9 miles of unlined canal 

and laterals, one half mile of line laterals, and one and a half miles 

of buried pipeline. All farm deliveries are delivered by gravity flow 

through concrete constant head orifice turnouts. A map of CMRCC project 

system is included in Appendix A. 

Silt loam is the major soil type of the Roseworth Tract and the 

project terrain has a uniform slope of less than 3 percent. Alfalfa 

hay and spring and fall grain are the chief crops on the Roseworth 

Tract and the project terrain has a uniform slope of less than 3 per~ent. 

Alfalfa hay and spring and fall grain are the chief crops on the Rose­

worth Tract and the project terrain has a uniform slope of less than 3 

percent. Alfalfa hay and spring and fall grain are the chief crops 

on the Roseworth Tract and lesser amounts of dry beans, sweet corn, 

pasture and field corn are grown. The average gross crop value is $231 

per acre. 

In 1977 project diversions from the Cedar Creek Rservoir averaged 
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4.2 acre feet per acre with 2.9 acre feet per irrigated acre delivered 

to project turnouts. The seasonal project irrigation efficiency in 1977 

was 40 percent. The project conveyance efficiency averaged 69 percent 

in 1977, reflecting relatively high seepage from the canal system. 

Part of these losses occured from the Cedar Creek stream bed below the 

Cedar Creek Reservoir. Total system operation and· ·maintenance cost 

the reservoir and canal company an . average $4.92 per irrigated acre 

per year between 1974 and 1976. The 1977 company 0 & M assessment was 

$7.44 per irrigated acre. 

Bell Rapids Mutual Irrigation Company 

Bell Rapids Mutual is a privately operated irrigation company which 

supplies Snake River water to irrigation systems on a plateau high 

above the Snake River canyon. Located in western Twin Falls and eastern 

Elmore counties, the Bell Rapids project is a recent irrigation development, 

having delivered water to project lands for the first time in 1970. 

Construction of the entire pumping and canal system was completed in 

1974, with 25,520 acres of land irrigated with pressurized water supplied 

by system pumps. Project lands were develop~d by a group of 75 individual 

investors in compliance with criteria set forth under the Federal Desert 

Land Act. A map of the Bell Rapids Project in included in Appendix A. 

Snake River water is diverted into the Bell Rapids canal system 

atop the Bruneau Plateau by a bank of 22, 1500 horsepower . pumps 

at two locations along the Snake River with total pumping lifts of over 

550 and 625 vertical feet. Two canals atop the plateau convey pumped 

water by gravity means to boosting stations situated along the canals 

where water is pumped into buried pipe mains under pressures sufficient for 

sprinkler operation. The: irrigation company owns and maintains 9600 
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risers situated along the 110 miles of buried pipeline. These risers 

are desfgned for hookup of quarter-mile long sprinkler lines. Three 

holding ponds are used at canal termination points to supply additional 

booster pumps and also to eliminate system spillage. Ninety pumps, 

in total, are operated by Bell Rapids Pro~ect with a combined power 

rating of 50,835 horsepower. 

Many of the 320 acre farms on the Bell Rapids project are operated 

by common farming enterprises. Total farm systems on the 25,520 acre 

project total only 15, with farm sizes ranging from 320 to 5000 acres and 

averaging 1700 acres. Because of the large farm sizes and vast number 

of sprinkler lines on the Bell Rapids Project, farms are quite labor intensive 

with large numbers of nonresident help hired durj·ng the irrigation season 

to move sprinkler pipe. 

Because of difficulties in maintaining smooth, continuous deliveries 

of water throughout the canal and pipe system, water users are limited 

to operation of 16 quarter-mile handlines or 20 quarter-mile solid-set 

lines per 320 acre farm. In addition, nearly all sprinkler heads operated 

on project lands are equipped with flow-control orifices to regulate non­

uniform sprinkler rates caused by rolling terrain and the specific 

location within the project system. Fines are levied against system 

users for negligent misuse of irrigation water. 

Six company ditchriders are employed by the irrigation proj~ct 

to check and regulate booster pumps atop the plateau on a 24-hour basis 

during the irrigation season. Each pump is checked at least once every 

three hours. The two river stations are manned on a continuous basis 

by 2 pump station operators. 

Bell Rapids project users irrigate with relatively high efficiencies. 
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Total project irrigation efficiency in 1977 averaged 55 percent. The 

major loss of water was through deep percolation losses from project 

farms. Snake River diversions by Bell Rapids average 2.62 acre feet 

per acre in 1977, and farm deliveries totalled about 2.41 acre feet per 

acre. 

Most of the terrain of the Bell Rapids Project slopes at more than 

3 percent, and silt loam is the predominate soil texture. Potatoes have 

been the major crop grown on project lands, with about 12,000 acres an­

nually planted. Other crops grown in rotation on the project are dry 

edible beans, spring and winter grain, and small amounts of alfalfa hay 

and sugar beets. Because of the large proportion of potatoes grown, 

the gross value of crops grown on the project averaged $'590 per acre 

in late 1976. 

Due to the tremendous pumping lifts involved on the Bell Rapids 

Project and because electrical power is purchased from a private utility, 

system users must pay a substantial fee for irrigation pumping costs. 

In 1977, costs for electrical power totalled $49.22 per irrigated acre. 

Combined with total 0 & M costs of $12.16 per acre, the total cost of 

system operation and maintenance of the Bell Rapids Mutual Irrigation 

Project averaged $61.38 in 1977. The company assessed users $65.78 

for system operation. 

King Hill Irrigation District 

The early economic history of the King Hill Irrigation Project was 

like some of its sister projects in that it was plagued with financial 

difficulties. The King Hill development began in 1908 as a Carey Act 

Project; however, the Carey Act contractor went broke in 1915 with the 

project partially completed, at which time the State of Idaho organized 
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the project into an irrigation district and transferred all control to 

the United States Government. Additional improvement and repair of 

irrigation works in the district system necessitated the expenditure 

of over 2 million dollars by the Federal government between 1919 and 

1923. 

King Hill Irrigation District lands consist of 11,000 irrigated 

acres located along a main canal system extending down the Snake River 

Valley from near Hagerman to Hammett, a distance of over 50 miles. 

The long, narrow shape of the project is shown in Appendix A. Most of 

the project system was constructed in difficult, steep terrain along 

the Snake River Canyon, necessitating the use of many wood stave siphons 

and flumes later replaced with concrete structures by the Bureau of 

Reclamation. 

Initially, 16,000 acres were to be irrigated in the King Hill Project; 

however, since the district was organized in 1917, some 5000 acres of 

land with gravelly soils and steeper slopes have been eliminated from 

the project. As a result of this elimination, project service areas 

are somewhat scattered, with many dry and broken areas between farms. 

This applies especially to the first 15 miles from the head of the canal, 

where there are only a few farms. A brief history of the King Hill 

Project is described in detail in a report submitted to the 84th congress 

(King Hill Irrigation District, 1962). 

The present King Hill distribution system consists of 60 miles 

of unlined canal, about 16 miles of line canal and concrete flumes, 

and over 7 mi 1 es of pipe 1 i nes and siphons. Sys tern diversions .were made 

from the Malad Ri.ver east of the Snake, where it was conveyed across the 

Snake through an inverted siphon originally constructed by the Idaho 
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Power Company as part of a water use agreement with the irrigation district. 

The 83 mile long system serves 65 major water users (farm operators) on 

farms averaging 150 acres in size. Three ditchri.ders are employed by 

the district to regulate and record farm deliveries from the canal 

systems. 

Because of extensive damage to the diversion siphon across the 

Snake River below Hagerman in September, 1978, King Hill water users 

elected to abandon the upper end of the canal system and Malad River 

diversion in favor of diverting Snake River water using four separate 

pumping stations constructed along the Snake River below the canal system 

during ihe spring of 1979. These pump installations located on pier 

systems extending into the river channel began diverting water into the 

King Hill system May 4, 1979. Total power requirement of the 25 turbine 

pumps installed along the system is about 12,000 horsepower. Total 

pumping heads from the river into the canal system range from 176 to 

266 feet. Cost of the project exceeded 1.9 million dollars. Annual 

system 0 & M cost including construction repayment for the pumping 

project are expected to cost users about $35 per acre per year. Because 

Idaho Power Company is now able to generate electrical power with Malad 

River water historically diverted by the King Hill project, the power 

company has agreed to supply the King Hill Irrigation District pumping 

plants 14 million Kilowatt-hours of electrical power annually at no 

charge. 

Because farms are comprised mostly of sandy loam soil and many 

fields slopes are much greater than 3 percent, sprinkler systems are 

the predominate on-farm irrigation method used in the Ki"ng Hill District, 

covering 80 percent of all irrigated land. 

During the 1977 irrigation season, about 11·,ooo acres of King 
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Hill project lands were under irrigation. Major crops grown on these 

lands were alfalfa hay, spring grain, grass pasture, with lesser amounts , 

of sugar beets, corn silage, potatoes, and sweet corn. Gross crop 

value in late 1976 averaged $245 per acre. King Hill Irrigation District 

diverted an average of 10.2 acre feet of Malad River water per irrigated 

acre in 1977 and delivered about 5.8 acre feet per acre to system users. 

An estimated 27 percent of all water diverted into the King Hill system 

in 1977 was lost as canal seepage, and about 16 percent of system diver­

sions were spilled from the long, winding system due to bottlenecks 

at various control structures and a long lag time in system response 

to changes in diversion or delivery rates. Even though projeet_ lands 

were 80 percent sprinkler irrigated in 1977, on-farm application 

efficiencies averaged only 43 percent. Deep percolation losses from 

project farms were estimated to be over 3 acre feet per acre. Total 

project irrigation efficiency of the King Hill Irrigation District in 

1977 was 24 percent. 

Because of the extensive length of the King Hill System and problems 

in maintenance and water control schedules, annual total system 0 & M 

costs of the King Hill project average $12.76 per irrigated acre. 

T~e 1977 0 & M assessment was $12.88 per irrigated acre. Future costs 

to King Hill users will probably increase substantially due to abandonment 

of the damaged diversion siphon and construction and operation of the 

four pumping stations during 1979. 

Settlers Irrigation District 

Organized into an irrigation district around 1884, the Settlers 

Project was among the first major canal systems built in the Boise River 

Valley. Located in western Ada County, south of the Boise River, Settlers 

Irrigation District originated through private finance and was incorpo-
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rated into the Arrowrock Division of the Boise Project of the U.S. 

Reclamation Servite in the early 1900's. 

The Settlers District lies on silt loam soils with slopes less 

than one percent. Farm sizes in the district are quite small, averaging 

56 acres, and are irrigated entirely with surface methods. The total 

conveyance system of the Settlers District, including laterals, is 

comprised of 55 miles of unlined canal. The system originates inside 

Boise city limits and delivers water to 170 system users. Because of 

residential development of some land within district boundaries and 

gradual exclusion of subdivisions from the district, the amount of land 

irrigated within Settler•s Irrigation District in 1977 was only 9440 

acres. 

Maintenance and water control is performed by Settlers personnel 

upon the main canal system only. Water is controlled along system 

laterals by water users through lateral associations. These associations 

are also responsible for upkeep and maintenance of each specific lateral. 

One ditchrider measures and delivers Settlers water to the head end of 

each lateral system. Two small wells are occasionally used to supply 

groundwater to a small area within the district. 

Crops grown on district farms include alfalfa hay, grass pasture, 

corn silage, and field corn, and small amounts of sugar beets, spring 

grain, sweet corn, spearmint and peppermint. The late 1976 gross crop 

value of the project was $185 per acre. 

Settlers District diverted 5.0 acre feet of Boise River water per 

irrigated acre in 1977. System farms utilized 3.8 acre feet per acre 

of this water. Total project irrigation efficiency in 1977 average 47 

percent. District members were assessed $5.36 per irrigated acre for 
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system 0 & M costs in 1977, while actual total system costs averaged 

$7.44 per acre during 1974, 1975, and 1976. These costs include average 

0 & M costs incurred by lateral associations. 

South Board of Control, Owyhee Project 

Situated in Idaho's Owyhee County and Oregon's Malheur County, 

the Owyhee Project South Board of Control is responsible for supplying 

38,000 irrigated acres with water from the Snake and Owyhee River. 

Composed of two separate irrigation districts, (Gem and Ridgeview) the 

South Board of Control (SBC) diverts water from two different sources 

and delivers this water through two different canal systems to system users. 

Water was first delivered to SBC users in 1913 by pumping out of 

the Snake River near Marsing, Idaho, with thirteen centrifugal · pumps 

totalling 6560 horsepower. This pumped water is distributed through the 

'A', 'B', and 'C' canals to the old portion of the Gem Irrigation District. 

In 1935, the U.S. Bureau of Reclamation completed construction of the 

Owyhee Rservoir in Malheur County, Oregon on the Owyhee River. Water 

is diverted from the reservoir to SBC lands through a system of tunnels 

and inverted siphons. From the western project boundary, Owyhee water 

is conveyed along the western and southern edge of SBC lands by the 

South Canal constructed by the USBR around 1935, and is delivered to 

SBC users in the Ridgeview and newer portions of the Gem Irrigation 

districts. Control of the Owyhee Project was relegated to system users 

by the USBR in 1952. 

In total, 194 miles of canal and lateral systems are used in the 

SBC project. Five percent of the system is lined open channel and six 

percent is in the form of tunne.l s·, siphons, or pfpe.l tnes . TtJe· ba 1 ance 

of the system fs earthen canal. Six ditchriders are- employed by the 
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project to re.gul ate farm de.l tverte.s, ~ farms. i.n the. SBC project average 

77 acres i·n si·ze, wfth about 500 farms- ;·n tota 1 .. The weste.rn tia 1 f of 

the SBC project is fn rolli~g terraih with slopes greater than 3 percent. 

The eastern and older portfon of the project slopes fairly uniformly 

at less than 3 percent. Project lands are 90 percent surface irrigated. 

Alfalfa hay, spring grain, alfalfa seed , grass pasture, and corn are the 

major crop types grown in the SBC project, with small acreages of potatoes 

winter grain, and sugar beets. The gross value of these crops in 1976 

averaged $226 per acre. 

Total SBC diversions from the Snake River and Owyhee Rservoir 

averaged 6.4 acre feet per irrigated acre in 1977, and farm deliveries 

to 38,030 irrigated acres averaged 4.3 acre feet. Total project irrigation 

efficiency in 1977 was 32 percent. The project management does administer 

a penalty for farm deliveries exceeding 4.0 acre feet per acre. 

Because of relatively low cost power supplied through the Federal 

BPA, the South Board of Control has been able to hold total system 

0 & M costs down to an average of $12.45 per irrigated acre. The 1977 

0 & M assessed by the project averaged $12.12 per irrigated acre. 

Little Willow Irrigation District 

The smallest and most efficient project studied, Little Willow 

Irrigation District is comprised of 25 farm operators irrigating a total 

of 2370 acres. As shown on the map in Appendix A, Little Willow project 

is located along a narrow mountain valley above the Payette River in 

Payette County. Water is supplied to the 1913 vintage project from 

Paddock Reservoir on Little Willow Creek. 

Using the Li.ttle Willow Creek stream bed as the main conveyance 

system, water is delivered to district members through a series of 
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five laterals paralle.lfng the. stream., Because. of the topography and 

geo 1 ogy of the conveyance system and va 11 ey, no net s·eep.age 1 os.s of 

water actually occurs from the Little Wi.llow system. Subsurface 

flows from canal seepage and deep percolation are recharged back into 

the stream bed as springs. The stream bed and lateral systems total 

about 51 miles in length. 

The majority of i-rrigated land along the Little Willow Creek slopes 

at greater than 3 percent, and sprinkler systems are used to irrigate 

40 percent of district farms. The predominate soil of the Little 

Willow District is loam, and farms average 170 acres in size. One ditch­

rider is employed to measure and regulate farm deliveries. 

The 1977 irrigation season was drier than average in the Little Willow 

· area; however reservoir supplies proved to be sufficient for normal 

system operation. Available storage in the 29,000 acre foot capacity 

Paddock Reservoir was about 19,000 acre feet at the start of the 1977 

irrigation season. Reservoir releases averaged 3.8 acre feet per irrigated 

acre during 1977, and farm deliveries were estimated to be about 3.3 

acre feet per acre. Total project irrigation efficiency of the Little 

Willow Irrigation District in 1977 was 59 percent. Some operational 

waste from the conveyance system occured near the lower end of the 

project system. 

One half of Little Willow land is normally planted to alfalfa hay 

and another one fourth of the district is used to grow spring grain. 

Other crops raised in the project include corn for silage and grass 

pasture. Gross value of crops in the district averaged $236 per acre 

in 1976. Total system operation and maintenance by the project, including 

reservoir 0 & M cost averaged $11.89 per ir~igated acre duri~g 1974, 1975 

and 1976. The 1977 0 & M assessment by the district was $10.00 per irrigated acre. 
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CHAPTER V 

PROJECT PARAMETERS, WATER USAGE, AND 0 & M COSTS 

Information and data collected for the seventeen irrigation projects 

evaluated were analyzed and formulated according to procedures discussed 

in Chapter III. Much of this information is presented in table form 

in this chapter . 

Project Parameters 

Irrigation projects in Idaho vary widely in size, shape, and form, 

as do the projects evaluated in this study. Table 6 is a list of projects 

studied and their corresponding acreages, system lengths, number of 

users and turnouts, and project shape factors. 

Irrigated areas of the projects vary from 2370 to 149,340 acres. 

Total conveyance system lengths including project laterals range from 

11 miles to 755 miles, and average 125 miles. 

The ratio of total irrigated acres to total distribution system 

length indicates the density of the project conveyance system network 

in relation to the area served. The ratio is expressed as irrigated 

areas per system mile of total conveyance system. Of irrigation projects 

studied, Little Willow Irrigation District has the most efficiently designed 

conveyance system. The mean in this study is 230 acres per system mile. 

Project water users operating farms larger than 20 acres average 

242 per project and range from 10 to 1100. System turnouts number from 

12 lateral turnouts in the Enterprise system to 2970 farm t~rnouts 

operated by the Northside Canal Company with an average of 450. 
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Table 6. Irrigation project physical characteristics 

1977 1977 Miles of Irrigated · (Shape Factor) 
Irrigated Assessed Distribution Water System Acres/ Compactness 

Project Acres Acres System* Users** Turnouts Sys Mile Ratio 

Enterprise 5970 5980 15 63 12 398 1. 96 
Parks & Lewisville 8500 8700 35 150 153 243 1. 93 
Osgood 6220 6220 30 17 13 207 1. 57 
Idaho 35600 35600 150 540 800 237 2. 51 
Dans kin 4730 6060 20 80 22 237 · 1 .87 

(X) Burley 41440 47204 267 570 850 155 1 . 62 
N A & B 73850 76796 166 516 700 445 2.40 

Milner Low Lift 13480 13524 50 85 260 270 1.84 
North Side 149340 149340 755 1100 2970 198 2.15 
Wood River Valley 4850 8010 22 34 42 220 1. 54 
Salmon River 19770 33400 109 174 520 181 2.02 
Cedar Mesa 4030 5000 11 10 30 366 1.76 
Bell Rapids 25520 25827 119 15 41 214 1.75 
King Hill 11000 10321 83 65 128 133 4.17 
Settlers 9440 9440 55 170 66 172 1. 80 
S. Board of Control 38030 39841 194 496 959 196 1 . 55 
Little Willow 2370 2865 51 25 100 46 2.31 

* Includes main system and laterals 
** Users operating farm enterprises larger than 20 acres 
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A type of project s.hape factor was used i.n this study to describe 

the compactness of project service areas in relation to relative boundary 

parameters. Of the projects studied, Osgood, Wood River, and South 

Board of Control have the most compact service areas, and the King Hill 

Project is the most spread out and elongated. 

Project Distribution Systems 

Five of the seventeen projects studied relied on the Federal goven­

ment for assistance in partial or complete construction of the project 

distribution system. Table 7 is a list of project origins and distribution 

system characteristics. 

Two projects, Osgood and Bell Rapids, are composed· mainly of high 

pressure pipelines supplied with unlined canals, .whereas most projects 

in this report and in Idaho are predominately unlined canal systems. 

Groundwater is used as a major water supply by the A & B and Wood River 

Valley Districts. Elevation differences listed in Table 7 describe 

vertical distances between highest and lowest irrigated points within each 

project. This difference divided by the total conveyance system length 

ranges from 0.2 to 30 feet per mile with a mean of 4.5. 

Maximum system capacities shown in Table 7 are the maximum combined 

diversion rates at all points of water diversion within each project 

system. Total irrigated area divided by maximum system capacity was 

computed during this study to indicate the relative duty of water within 

each project. Duties ranged from 7.9 acres per cfs for Wood River 

Valley project to over 59 acres per cfs for Osgood and Bell Rapids. 

The project mean was 36.4 i rrtgated acres pe.r cfs at maximum system 

capacity. 
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Table 7. Irrigation project distribution system. 

% % Maximum Ground Elevation Elevation 
Open Lined % Diversion Water Difference Difference 

Project Origin* Channel Channel Pipe Cap. ( cfs) % (feet) (ft/sys mile) 

Enterprise Private 100 0 0 154 0 35 2.33 
Parks & Lewisville Private 100 0 0 512 0 72 2.06 
Osgood Private 24 0 76 105 9 80 2.67 

co Idaho Private 100 0 0 1540 0 195 1.30 
,.J:::::o Dans kin Private 100 0 0 302 0 32 1.60 

Burley Federal 100 0 0 1325 0 40 0.15 
A & B Federal 99 0 1 1320 81 200 1.20 
Milner Low Lift Private 92 0 8 296 0 222 4.44 
North Side Private 99 0 1 4050 0 1014 1.34 
Wood River Valley Private 100 0 0 615 43 75 3.41 
Salmon River Federal 91 1 9 705 0 985 9.04 
Cedar Mesa Private 88 5 12 105 0 325 29.55 
Bell Rapids Private 9 0 91 432 0 470 3.95 
King Hill Federal 92 19 8 350 0 395 4.76 
Settlers Private 100 0 0 205 4 150 2.73 
S. Board of Control Federal 94 5 6 825 0 350 1 .80 
Little Willow Private 100 0 0 60 0 170 3.33 

* Main source of system construction finance 



Table 8. Irrigation project farm and soils information 

Ave. Farm % % Land Slope Average Average Average 1977 
Size* Surface Sprinkler (%) Soil Soil Depth WHC** Crop Value 

(Acres) Irrigated Irrigated (0-3%) (3-10%) Type (inches) ( i n/ft) ($/A)*** 
Project 

Enterprise 95 5 95 0 100 silt loam 48 2.4 276 
Parks & Lewisville 57 100 0 100 0 sandy loam 36 1.7 364 
Osgood 360 0 100 100 0 silt loam 48 2.7 340 
Idaho 80 65 35 100 0 sandy loam 36 1.8 302 
Dans kin 75 90 10 100 0 loam 60 2.1 189 

00 Burley 75 99 1 50 50 loam 48 2.2 208 U1 

A & B 149 90 10 0 100 loam 60 2.2 259 
Milner Low Lift 163 99 1 0 100 silt loam 48 2.4 243 
North Side 136 70 30 20 80 loam 48 2.0 275 
Wood River Valley 204 58 42 100 0 silt loam 30 2.4 167 
Salmon River 170 91 9 50 50 silt loam 35 2.5 195 
Cedar Mesa 500 100 0 100 0 silt loam 35 2.5 231 
Bell Rapids 1700 0 100 0 100 silt loam 35 2.5 _590 
King Hill 150 20 80 33 67 sandy loam 60 1.7 244 
Settlers 56 100 0 100 0 silt loam 48 2.3 185 
S. Board of Control 77 90 10 50 50 loam 48 2.2 226 
Little Willow 170 60 40 20 80 loam 40 2.1 236 

* Average land area operated per water user 
** Water holding capacity 
*** Gross crop value, $/1977 irrigated acre 



Project Farms and Soils 
' Average farm sizes of projects covered in this report range from 

56 to 1700 acres, with a mean s·ize of 250 acres. Farms also vary with 

age, type of management, and type of irrigation method used. Three 

projects evaluated are irrigated entirely by surface irrigation and two 

projects are completely under sprinkler. The average areal coverage of 

surface systems on a project is about 67 percent with the balance irrigated 

by sprinkler. 

Gener~l project field slopes range from moderately flat to rolling, 

and general soil types of the projects are mostly sandy loams, loams, 

and silt loams. 

Crop values computed for late 1976 I early 1977 prices are listed 

in Table 8 for each project. These values represent an average of 

gross values for all crops grown within each ~roject with the average 

weighted in proportion to relative acreages planted. The values listed 

range from a low of $167 per acre for Wood River Valley to a high 

of $590 per acre for Bell Rapids. Those projects. with higher than average 

crop values had higher proportions of potatoes raised on project farms 

in 1977. The average gross crop value of projects evaluated was $277 

per acre. General crop and price information for all projects has been 

included in Appendix C in this report. 

Ditchrider and Turnout Information 

The number of ditchriders employed by an irrigation project is largely 

dependent on the area served by the project system. Other considerations 

involved in selecting the size of the water control force are the type 

and degree of water control required, s.ystem age and · design, and means 

of water diversion. The average irrigated are.a s·erved by ditchriders among 



projects studied is about 5500 acres .. per ditchrider. This value ranges 

from 2370 to 9440. 

Actual daily mileage driven by ditchriders is also dependent 

upon system type and degree of control required, as well as the system 

length relative to irrigated area. Because of continuous surveilance 

of oooster pumps along the main canal system, Bell Rapids ditchriders 

travel an estimated 115 miles per day. However, on a project similar 

to the Bell Rapids Project, Osgood ditchriders travel an estimated 

distance of 25 miles per day. Of all projects studied, ditchriders 

average about 63 miles per day for water control purposes. 

Miles of project conveyance system per ditchrider varies as shown 

in Table 9. These values range from 11 miles of actual project system 

per rider on the Cedar Mesa Project to 55 miles of system per rider in 

the Settlers Irrigation District. 

In the Bell Rapids and Osgood systems, turnouts were defined as 

system delivery points operated and maintained by project personnel; 

in these cases, turnouts are booster pumps situated along canal systems 

which supply pressurized water to buried steel pipelines. Risers from 

these main pipelines function as hookups for sprinkler operation and are 

operated as a part of the farm system by the water user. Therefore, 

lateral risers on these mainline systems were not included as turnouts. 

In the Enterprise system, turnouts include only ditchrider-operated 

control structures at the head of each multi-user operated lateral. 

Turnouts under supervision of each project ditchrider averaged 78 

among all projects, and ranged from 7 to 200, as shown in Table 9. 

Project Wat~r Right~ artd R~s~tvoit St6rage 

Most irrigation companies or districts usi.ng water from rivers and 

87 



co 
co 

I'able 9. oitchr ider and 'lUrnout Information 

------------------------------------------------------------------------------------------------------------
t-i iles/Day 

Nurnoer of per 
Project Ditchriders* D.R.** 

Irrigated 
Peres per 

D.R. 

System 
Miles 9€r 

D.R. 

'1\.lr nou ts 
per 
D.R. 

System 
TUrnouts 
per Mile 

rrurnouts 
r.easured 

( %) 

Iurnoots 
Checked 
[Bily (~) 

-----------------------------------------------------------------------------------------------------------
Enterprise 
Parks & Lewisville 
Os:]ood 
Idaho 
Dans kin 
Burley 
A & B 
Milner Iow Lift 
North Side 
Woo:i River Valley 
Sal non P.i ver 
Cedar t-Esa 
Bell R::lpids 
King Hill 
Settlers 
s. Board of Gbntrol 
Little Wi1lcw 

1 
1 
2 
4 
1 

10 
11 

2 
22 

1 
7 
1 
6 
3 
1 
6 
1 

so 
50 
25 
60 
30 
70 
60 
45 
45 
60 
43 

100 
115 

65 
35 
55 
47 

* Includes project watermasters 
** Oitcnr ider 

5970 
85(JU 
3110 
8900 
4730 
4144 
6714 
6740 
6788 
4850 
2824 
4030 
4253 
3667 
9440 
6338 
2370 

15 
35 
15 
38 
20 
27 
15 
25 
34 
22 
16 
11 
20 
28 
55 
32 
51 

12 
153 

7 
200 

22 
85 
64 

130 
135 

42 
74 
30 
7 

43 
66 

160 
100 

0.8 
4.4 
0.4 
5.3 
1.1 
3.2 
4.2 
5.2 
3.9 
1.9 
4.8 
2.7 
0.3 
1.5 
1.2 
4.9 
2.0 

u 
0 
0 

100 
23 
48 

lUO 
98 

100 
100 
100 
100 

0 
73 

100 
74 

100 

u 
lOU 
100 
100 

50 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



streams in Idaho hold legal rights to that water. Date of initial appro­

priation of water used by a project can be indicative of the priority ~ of 

the user in the use of natural flows and the certainty of an adequate ir­

rigation water supply. Table 10 includes a list of the earliest water 

right date held by each project or project members. These dates also 

serve as an approximation of the date of initial project conception. 

Average water right dates shown in Tab 1 e 10 were computed by wei.ght ing 

individual dates of water rights according to the flow rate of each right. 

Weighted dates among the projects vary from May, 1886 to February, 1964 

with a mean date of 1903. Total water rights recorded for each project 

are also listed. 

An average water right duty was calculated for projects by dividing 

the total 1977 irrigated area of each project by the total recorded water 

rights. The large water right duty of the A & B project is due to the 

large volume of groundwater diversion used to irrigate the project's ser­

vice area. The Cedar Mesa project has a relatively insufficient flow right 

to irrigate the project's service area; however, water supplied from on-stream 

storage fulfills project water requirements. 

The last three columns of Table 10 list reservoir storage available to 

projects through contracts for off-project storage or through reservoir fac­

ilities owned and operated by the projects. The final column lists reservoir 

storage available for project use at the start of the 1977 irrigation season. 

Electrical Power Consumption 

Six irrigation projects operated pumping systems requiring substantial 

amounts of electrical power. A summary of electrical ·power consumed by 

project-owned pumps during the 1977 irrigation season is included in 

Table 11. Power consumption of on-farm pumps, such as in the Wood River 
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Table 10. Project Hater Rights and Reservoir stora1e 

---------------------------------------------------------~----------------------------------------------
Earliest Average 'lbtal Right Reservoir Reservoir Ieservoir 

~·~ater vlater Riqht Duty Storage Stora~ storage (1~77) 
Project Fight Right (cfs) (A/cfs) * (af) (af~) ** (af /A) 
---------------------------------------------------------------------------------------------------------
Enterprise 6~12-1903 7-15-1910 199 30.0 16071 2.69 1. 96 
Parks & Lewisville 6 -1-1883 6-lQ-1890 433 19.6 15250 1.79 0.65 
OSJood 6 -1-1885 8-lU- 1893 232 26.8 21230 3. 41 5.11 
Idaho 8-13-1888 2-15-1889 1000 35.6 94941 2.67 2. 39 
Dans kin 6 -1-1886 6-10-1904 276 17.1 2350 0. so o. 50 
our ley 3-26-1903 12-12-1909 1197 34. 6 197142 4.76 3.47 
A & B 4 -1-1939 4 -1-1939 267 276.6 138393 1.87 1.66 
Milner LI:M Lift 11-14-1916 9-15-1930 307 43.9 90187 6. 69 s. 54 
r\Ortn Side 10-11-1900 4-15-1910 4560 32. 8 546987 3.66 3.83 
~·Jcxxi River valley 6-10-1880 1-10-1909 623 7.8 0 0.00 0.00 
SaL110n River 12-29-1906 2-15-1908 2850 6.9 180000 9.10 4.05 
Cedar Mesa 5 -1-1894 s -1-1894 9 467.5 30000 7.44 4.23 
.eell Rapids 2 -3-1964 2 -3-1964 573 44. 5 0 0.00 0.00 
King Hill 6 -1-1908 7-10-1908 300 36. 7 0 0.00 o.oo 
Settlers 6 -1-1864 5-15-1886 187 50.5 2398 0.25 1.99 
S. Board of Cbntrol 4-15-1919 6-15-1927 324 117.4 208500 5.48 5. so 
Lit t1e viillOY 12-29-1913 12-29-1913 su 47.4 29000 12.24 8.17 
---------------------------------------------------------------------------------------------------------

* 1977 irrigated acres 1 total water right, cfs 
** per 1977 irrigated acre 



Valley Irr.i.gati.on District, w.as not considered to b.e project-cons.umed power. 

Power consumption has been di.vided by proje.ct irr.i.gated area, total 

length of conveyance system, and acre-feet of water pumped during 1977 

to create a common format for means of comparison. Because of the high 

lift (600 feet) required to supply water to Bell Rapids users, the Bell 

Rapids project invests much more power into each acre foot pumped than 

any other system studied. 

The 'Private' power sources listed in Table 10 signify the purchase 

of electrical power from pri.vate or public utilities·, namely Utah Power 

and Light and Idaho Power Companies. 'Federal' power is purchased through 

the Bonneville Power Administration (BPA) and may be wheeled to the 

project by private utilities. On the average, power purchased from 

private utilities in southern Idaho costs between three and eight times 

power purchased through the BPA. 

Seasonal Water Use 

Total water diversions and usage of projects were measured, computed, 

or estimated using procedures and techniques presented and discussed 

in Chapter III. Project water usage during 1977 is presented in tabular 

form on a monthly basis in Appendix D of this report. Graphical re­

presentations detailing the relative breakdown of water diverted into 

project systems are included in Appendix E for each irrigation project 

evaluated. 

A seasonal summary of project water use for the 1977 irrigation 

season is presented in Tab 1 e 12 on a per i rri.gated acre basis. The 1977 

irrigation season extended from April 1 to October 31, although upper 

Snake projects did not begin water diversion unti 1 afte.r May 1, 1977, and 

several systems studied were shut off before October 1. 
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Table 11. 1977 Electrical Power conSLIDlt--•tion* 

--------------------------------------------------------------------------------
kwh kwh kwh kw'fl per Power 

Project per acre per mile af Pumped s:>urce** 

--------------------------------------------------------------------------------
Enterprise 0 0 0 0 
Parks & Lewisville 0 0 0 0 
Osgoo:i 4207100 676 140236 248 l?r ivate 
Idaho 0 0 0 0 
Dans kin 0 0 0 0 

~ 
Burley 27470400 102885 117 Federal N 663 
A & B 86011800 1165 518113 304 Federal 
Milner Low Lift 10682200 792 213614 189 Federal 
tbrth Side 0 0 0 0 
\·vcx:rl River valley 0 0 0 0 
sabron River 0 0 0 0 
Cedar t-~sa 0 0 0 0 
Bell Rapids 80285600 3146 674668 1200 Private 
King Hill 0 0 0 0 
Settlers 89077 9 1620 189 Private 
s. Board of Cbntrol 11260000 296 58041 . 105 federal 
Little viillav 0 0 0 0 

* By project pumping plants, only 
** Federal power purchased through BPA 
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'I1able 12. 1977 Seasonal Project Hater use 

--------------------------------------------------------------------------------------------------------------
Total seepage E"arm crop Irrig. Deep ProJect Cbnv. Pro] .App. Proj .I rr • 
Inflow LOsses ~liv. ET Reqmt Perc. nunoff Eff. Eff. Eff. 

Project (AF /A) (AF ,/A) (AF/A) (AF /A) (AF ;A) (AF;t\) (AF /A) ( %) (%) ( %) 

--------------------------------------------------------------------------------------------------------------
Enterpris~ 3.37 0.45 2.69 1.92 1.47 o. 76 0.46 8() 55 44 
Parks & Lewisville 12.46 1.15 6. 23 2.04 1.55 4. 68 0.00 50 25 12 
Osgoc:rl 2. 72 0.32 2.16 1.80 1.44 o. 72 0.00 79 67 53 
Idaho 8. 83 1. 71 4.78 1.93 1.52 3.13 0.13 54 32 17 
I.:anskin 12.55 1. 56 10.30 2.92 2.34 7.95 o.oo 82 23 19 

tO 
Burley 5. 69 1.12 4.22 2.09 1. 70 2.41 0.12 74 40 30 

w A & B 3.83 o. 32 3.44 1. 97 1. 56 1.37 0.51 90 45 41 
Milner I.aJ Lift 4.20 0.63 3. 45 l. 61 1.33 1.80 0.32 82 38 32 
oorth Side 5. 32 1.92 3.39 2.25 2. 01 1.21 0.17 64 59 38 
~vcxx1 River Valley 9. 60 2.28 7.32 2.43 2. 00 5. 32 o.oo 76 27 21 
Salnon River 3.84 1. 41 2.43 1. 61 1. 37 1. 06 0.00 63 56 36 
Cedar tvEsa 4. 23 1. 31 2.92 2.15 1. 71 1.21 o.oo 69 59 40 
u=ll Rapids 2. 62 0.21 2.41 1. 61 1.44 0.97 0.00 92 60 55 
King Hill 10.18 2.74 5.83 2.67 2.49 3. 34 0.00 57 43 24 
Settlers 4. 98 1. 02 3.79 2.61 2.33 1. 45 o.ou 76 62 47 
s. Board of Gbntrol 6.42 1. 26 4.33 2.39 2. 06 1. 33 0.94 67 47 32 
Little \~.Jillow 3. 78 o.oo 3.28 2.53 2.23 1. 06 0.00 87 68 59 
-----------------------------------------------------------------------------------------



Project .. lnfl ow 

Total volumes of water diverted per irrigated acre into project systems 

in 1977 varied substantially. Five irrigation projects diverted eight 

acre feet per acre or more, and two companies, Parks & Lewisville and Danskin, 

diverted about 12.5 acre feet per irrigated acre during 1977. On the Osgood 

and Bell Rapids projects, where diverted water is supplied to system 

users at high pressures, seasonal diversions averaged 2.62 and 2.72 acre feet per 

acre . Diversions abong the seventeen projects averaged 6.2 acre feet 

per acre9 with a standard deviation of 3.3. A weighted average diversion 

based on actual project acreages was calculated at 5.5 acre feet per irrigated 

acre. 

Conveyance System Performances 

Seepage losses from project conveyance systems varied from no net 

seepage from the Little Willow system to an estimated 2.5 acre feet of 

seepage per irrigated acre from the King Hill main canal and laterals. 

The mean project seepage loss in 1977 was about 1.1 acre feet per acre, 

with a standard deviation among projects of 0.8. Seasonal seepage losses 

are included in Table 12. 

Operational losses from canal systems normally occur as spills along 

the system through control structures or as excess water at the system 

end. Monthly volumes of operational losses from project distribution 

systems are presented in Appendix D of this report. Seasonal values for 

1977 range from no operational spills from the Wood River Valley, Salmon, 

Cedar Mesa, and Bell Rapids systems to over 5 acre feet per irrigated acre 

from Parks and Lewisville canals. The project average was 0.7 feet per acre 

for the 1977 season. 

Project conveyance efficiencies were computed in this study by 
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dividing farm deliveries by project diversions and multiplying by 100. 

Monthly conveyance efficiencies are included in Appendix D, and seasonal 

project conveyance efficiencies are listed in Table 12. These efficiencies 

range from a low of 50 percent for the Parks and Lewisville system to a 

high of 92 percent on the Bell Rapids project. Conveyance efficiencies 

averaged 73 percent among the projects with a standard deviation of 12 

percent. 

On-farm Application of Project Water 

Water deliveries to farms on all projects averaged 3.77 ac\e feet 

per acre during 1977, computed on a weighted basis. Average farm deliveries 

of project~ averaged 4.3 acre feet per irrigated acre, ranging from 2.2 

acre feet per acre on the Osgood project to 10.3 acre feet per acre for 

Danskin users. All deliveries were by means of gravity flow, except 

for the Bell Rapids and Osgood projects, where farm operators received 

water from high pressure pipelines, and Wood River Valley, where 43 percent 

of on-farm irrigation water in 1977 was pumped directly from groundwater 

supplies. 

Evapotranspiration rates of project crops were estimated based on 

averaged planting dates, crop types, and climatic and meteorological data 

collected during 1977. A modified Penman-type combination equation was 

used to compute reference ET rates, and crop coefficients were used to 

caluculate evapotranspiration rates of individual crops. This procedure 

is described in detail in Chapter III. The crop ET listed in Table 12 

is the average project seasonal evapotranspiration per acre calculated by 

averaging composite crop ET use in accordance with respective acreages grown. 

Because of variance in crop distributions, season lengths, and 1977 

weather conditions, average project seasonal rates ranged from a low of 
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1.61 acre feet per acre for Milner Low Lift, Salmon River, and Bell Rapids 

to a high value of 2.92 acre feet per acre for the Danskin Ditch Company. 

The lower ET values are due, in large part, to large acreages of dry 

beans having relatively low ET rates. Danskin water users grow large 

amounts of alfalfa and grass pasture, both of which consume significant 

amounts of water. Also, the irrigation season on the Danskin project 

was long, stretching from April 1 to October 31. Monthly evapotranspiration 

rates calculated for specific crops are listed in Appendix C. Evapo­

transpiration rates of crops grown on the Bell Rapids, Cedar Mesa, 

Salmon River and King Hill projects were calculated using weather data 

collected at Kimberly, Idaho. Because daily wind run and vapor pressure 

deficits of the air in these project are.as is often greater than for the 

Kimberly area, evapotranspiration and irrigation requirements calculated 

for these four projects may be low (Burman et. al., 1975). 

Irrigation requirements listed in Table 12 represent actual volumes 

of irrigation water required by actively growing crops, considering 

precipitation and antecedent soil moisture, to fulfil evapotranspiration 

needs. The irrigation requirement is the total amount of water required 

from an irrigation system operating at 100 percent efficiency. Irrigation 

water requirements of projects during 1977 ranged from 1.33 acre feet per 

acre on the Milner Low Lift Project to 2.49 acre feet per acre on the 

King Hill project. The average irrigation requirement among projects 

equalled 2.15 acre feet per acre. 

Irrigation water from farms was assumed to leave project boundaries 

as evapotranspiration, as the surface runoff portion of return flow, 

or as deep percolation entering some type of groundwater system. Estimated 

deep percolation losses from project farms averaged 2.3 acre feet per 
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acre duri_ng 1977, with a standard deviation of 2.0 acre feet. Deep 

percolation losses in 1977 from the Bell Rapids, Cedar Mesa, Salmon River 

and King Hill proj~cts may have been lower than estimated if estimates of 

evapotranspiration used are lower than ET which actually occured. 

Project runoff ranged from zero for over half of the projects to 0.94 

acre feet per acre from the South Board of Control. Projects averaged 

only 0.16 acre feet of runoff per acre in 1977. Small values of project 

runoff do not necessarily indicate low amounts of surface runoff from 

individual farms, but only thatsmall amounts of this runoff actually left 

project boundaries as runoff or through surface drains. Large portions of the 

surface runoff portion of farm deliveries may be recycled within the farm 

or project system. 

Project application efficiencies, computed as average irrigation re­

quirements divided by average farm deliveries and multiplied by 100, ranged 

between 23 and 68 percent for the 1977 irrigation season. The mean 

application efficiency of projects studied was 47 percent. Little Willow 

Irrigation District had the highest application efficiency, even though 

only 40 percent of the project is irrigated with sprinklers. 

Project Irrigation Efficiencies 

A project irrigation efficiency term is often used to indicate the 

relative performance of an irrigation water delivery organization and member 

farms in applying diverted water resources to the beneficial use of 

fulfilling crop water requirements. However, low project efficiencies do not 

necessarily indicate losses of diverted water to other instream or offstream 

uses, as project return flows are often returned to rivers or drains for 

reuse, and deep percolation losses may reappear into surface systems 

through springs or may be reclaimed through groundwater pumping. These 
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losses can represent a net loss of energy and soil nutrients, although in 

some regions of the state, namely the Upper Snake Region, deep percolation 

from irrigation projects· constitutes valuable recharge to the Snake River 

Plain Aquifer system. 

Project irrigation efficiencies computed on a monthly basis are listed 

in water use tables in Appendix F. Seasonal efficiencies are listed in 

Table 12 for the seventeen projects studied. Project irrigation efficiencies, 

defined as the crop irrigation requirements divided by total project diversions, 

ranged from 12 percent on the Parks and Lewisville Project to a high of 59 

percent on Little Willow District for the 1977 season. The mean of all 

projects was 35 percent, with a standard deviation of 13 percent. 

Annual Project Costs 

Administrative, water control, and maintenance costs reported in this 

study are three year averages for the calendar years 1974, 1975 and 

1976. These costs were adjusted to 1977 prices using the procedure 

discussed in Chapter III. Electrical power and reservoir 0 & M costs 

were evaluated for 1977, only. In many cases, assumptions were required 

concerning breakdown of project costs into appropriate categories. Cost 

summaries are presented for individual projects in Appendix B of this 

report and are tabulated for purposes of comparison in the following tables. 

0 & M Costs of Systems 

Table 13 lists total 0 & M costs of systems in terms of administrative, 

water control, maintenance, power, and reservoir costs. By definition, 

total 0 & M costs are the sum of administrative, water control and main­

tena~ce costs, and total project costs are equal to total 0 & M costs 

plus power costs (see Figure 3). Total system costs include power and 

reservoir costs and total 0 & M ·costs. 
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Table 13. Annual Irrigation Project Costs 
----------------------------------------------------------------------------------------------------------

Adrnini- ~-Jater .r--1ainte- 'Ibtal 1977 ·rotal 1977 'lotal 
strative* Control* nanre* O&M* Power** Project Res.*** System 

Project ( $) ( $) ( $) ( $) ( $) ( $) ( $) ( $) 

----------------------------------------------------------------------------------------------------------
Enterprise ll83 4470 17283 22936 0 22936 805 23741 
Parks & Lewisville 2462 3871 9119 15452 0 15452 232 15684 
Osgcx:rl 10169 16935 36372 63476 107795 171271 1064 172335 
Idaho 29353 27022 73486 129861 0 129861 4296 134157 
Dans kin 1548 2061 7156 10765 0 10765 . 99 10864 
Burley 58369 116252 283199 457820 87630 545450 22472 567922 
A & B 116410 167271 493840 777521 422731 1200250 5650 1205900 
Milner Iow Lift 18294 20508 93074 131876 58858 190734 3331 194065 

1..0 
North Side 91688 176297 592020 860005 0 860005 34749 894754 

. 1..0 \.'JOOO River Valley 1028 4761 8319 14108 0 14108 0 14108 
Sal110n River 54165 33451 99316 186932 0 186932 6700 193632 
Cedar Mesa 4502 9191 5724 19417 0 19417 400 19817 
~11 Fapids 60015 68612 181687 310314 1256140 1566450 0 1566450 
King Hill 21155 22207 97046 140408 0 140408 0 140408 
Settlers 14759 9080 44609 68448 1398 69846 406 70252 
s. Board of Cbntrol 72309 76030 263815 412154 39208 451362 22071 473433 
Little Willow 2477 5567 19898 27942 0 27942 228 28170 

----------------------------------------------------------------------------------------------------------
* 1974,1975,and 1976 average costs adjusted to 1977 
** 1977 costs, only 
*** Reservoir oosts include only 0~1 costs. 



Tables 14, 15 and 16 present an analysis of system costs in terms of 

cost per 1977 irrigated acre, system mile, and system water user farming 

more than 20 acres. Table 17 expresses the cost categories as 

percentage of total costs. 

There is considerable variation in total 0 & M costs among the pro­

jects when compared on a cost per unit basis (Table 14). The average 

total 0 & M cost per 1977 irrigated acre is $7.70, ranging from $1.82 to 

$12.76. Total system costs, which include power and reservoir 0 & M 

costs in addition to total 0 & M costs averaged $12.56 per irrigated acre, 

and ranged from $1.85 for Parks and Lewisville to $61.38 for Bell Rapids. 

Total 0 & M costs per system mile averaged $1647 and ranged from $441 to 

$4684. When power and reservoir costs were included, costs averaged 

$2766 per mile of distribution system and ranged from $448 to $13,164. 

Total 0 & M costs per system user varied substantially, averaging $2226 and 

ranging from $103 to $20,688. Total system costs averaged $7649 and 

ranged from $105 per Parks and Lewisville user to $104,430 per farm 

operator on the Bell Rapids Project in 1977. The tremendous cost to 

Bell Rapids users is due to large farm operations (1700 acres) on the 

project and the total pumping head of 750 feet required for system operation. 

Project administrative costs were found to average 16· percent of . total 

0 & M budgets and range from 5 percent to 29 percent (Table 17). Water 

control costs averaged 22 percent of total 0 & M costs and ranged from 

13 percent to 47 percent, while project maintenance costs averaged 62 

percent of the total 0 & M budgets and ranged from 29 percent to 75 percent. 

Perso~nel Costs and Labor Requirements 

The number of personnel and annual costs of personnel required to 

operate project systems were analyzed. Work forces were measured in 
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Table 14. Annual Irrigation Project Costs per Acre 

---------------------------------------------------------------------------------------------------------
Admini- water M:tinte-

strative* Control* nance* 
Project ($/A) · ($/A) ($/A) 

1t>tal 
O&l-1* 

($/A) 

1977 'rotal 1977 TOtal 
Power** Project Res.*** system 
($/A) ($/A) ($/A) ($/A) 

----------------------------------------------------------------------------------------------------------
Enterprise 
Parks & Lewisville 
093cxxl 
Idaho 
Dans kin 
Burley 
A & B 
t-iilner row Lift 
1:\t>rt.h Side 
WOod River Valley 
Salrron River 
Cedar Mesa 
Bell R:lpids 
King Hill 
Settlers 
s. Board of Cbntro1 
Little Wil1CM 

0.20 
0.29 
1.63 
0.82 
0.33 
1.41 
1.58 
1. 36 
0.61 
0.21 
2. 74 
1.12 
2. 35 
1.92 
1.56 
1.90 
1.05 

0.75 
0.46 
2.72 
0.76 
0.44 
2.81 
2.27 
1.52 
1.18 
0.98 
1.69 
2.28 
2.69 
2.02 
0.96 
2.00 
2.35 

2.89 
1.07 
5.85 
2.06 
1.51 
6.83 
6. 69 
6.90 
3.96 
1.72 
5.02 
1.42 
7.12 
8.82 
4.73 
6.94 
8.40 

3.84 
1.82 

10.21 
3.65 
2. 28 

11.05 
10.53 

9. 78 
5. 76 
2.91 
9.46 
4.82 

12.16 
12.76 

7.25 
10.84 
11.79 

o.oo 
o.oo 

17.33 
0.00 
o.oo 
2.11 
5. 72 
4. 37 
0.00 
0.00 
o. 00 
o. 00 

49.22 
o. 00 
0.15 
1.03 
0.00 

3.84 
1.82 

27.54 
3.65 
2.28 

13.16 
16. 25 . 
14.15 

5.76 
2.91 
9. 46 
4.82 

61.38 
12.76 

7.40 
11.87 
11.79 

0.13 
0.03 
0.17 
0.12 
0.02 
0.54 
0.08 
0.25 
0.23 
o.oo 
o. 34 
0.10 
o.oo 
0.00 
0.04 
0.58 
0.10 

3. 98 
1.85 

27.71 
3. 77 
2. 30 

13. 70 
16.33 
14.40 

5.99 
2.91 
9.79 
4.92 

61.38 
12.76 
7.44 

12.45 
11.89 

----------------------------------------------------------------------------------------~----------------

* 1974,1975,arrl 1976 average costs adjusted to 1977- 1977 irrigated acres 
** 1977 costs, only 
*** Reservoir oosts include only OQ1 costs. 
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'Iaole 15. Annual Irrigation f'rc]ect Costs per systerr. nile 
----------------------------------------------------------------------------------------------------------

Actrnini- ~~ater r.~ainte- 'lbtal 1977 'TOtal 1977 'TOtal 
strative* Cootro1* nana?* O&M* Power** Project Ies .*** System 

.Project ($/mi.) ($/mi) ( S/mi) ($/mi) ( $/mi) ( $/mi) ($/mi) ($/rni) 
--------------------------------------------------------------------------~-------------------------------
Enterprise 79 298 1152 1529 0 1529 54 1583 
Parks & Lewisville 70 111 261 441 0 441 7 448 
Os;Jood 339 565 1212 2116 3593 5709 35 5745 
Idaho 196 180 490 866 0 866 29 894 
Dans kin 77 103 358 538 0 538 5 543 
Burley 219 435 1061 1715 328 2043 84 2127 
A & B 701 1008 2975 4684 2547 7230 34 7264 
Milner I.J::Jw Lift 366 410 1861 2638 1177 3815 67 3881 
~rtn Side 121 234 784 1139 0 1139 46 1185 
~V<xxl River va 11 ey 47 216 378 641 0 641 0 641 
SalJron River 497 307 911 1715 0 1715 61 lT/6 
Cedar ~-Esa 409 836 520 1765 0 1765 36 1802 
Bell Iepids 504 577 1527 2608 10556 13163 0 13163 
King Hill 255 268 1169 1692 0 1692 0 1692 
Settlers 268 165 811 1245 25 1270 7 1277 
s. Board of Obntrol 373 392 1360 2125 202 2327 114 2440 
Little Willow 49 109 390 548 0 548 4 552 
----------------------------------------------------------------------------------------------------------

* 
** 
*** 

1974,1975,and 1976 average costs adjusted to 1977 
1977 costs, only 
Reservoir rosts include only 0~··1 costs. 



Table 16. Annual Irr iqation Project Costs per System user 
----------------------------------------------------------------------------------------------------------

Admini- ~"Vater ~1ainte- 'I'otal 1977 TOtal 1977 'Ibtal 
strative* Control* nance* O&M* Power** Project ~s .*** System 

Project ($/user) ($/user) ($/user) ($/user) ($/user) ($/user) ($/user) ($/user) 
-----------------------------------------------------------------------------
Enterprise 19 71 274 364 0 364 13 377 
Parks & Lewisville 16 26 61 103 0 103 2 105 
OSJood 598 996 2140 3734 6341 10075 63 10137 
Idaho 54 50 136 240 0 240 8 248 
Dans kin 19 26 · 89 135 0 135 1 136 
Burley 102 204 497 803 154 957 39 996 
A & B 226 324 957 1507 819 2326 11 2337 
Milner Iow Lift 215 241 1095 1551 692 2244 39 2283 
r-Prth Side 83 160 538 782 0 782 32 813 

~ WOcrl River Valley 30 140 245 415 0 415 0 415 0 
w Salnon River 311 192 571 1074 0 1074 39 1113 

Cedar ~sa 450 919 572 1942 0 1942 40 1982 
Bell Rapids 4001 4574 12112 20688 83743 104430 0 104430 
King Hill 325 342 1493 2160 0 2160 0 2160 
Settlers 87 53 262 403 8 411 2 413 
s. Board of Obntrol 146 153 532 831 79 910 44 955 
Little ~villoY 99 223 796 1118 0 1118 9 1127 

----------------------------------------------------------------------------------------------------------
* 1974,1975,and 1976 average costs adjusted to 1977 
** 1977 costs, only 
*** Reservoir rosts include only 0~1 costs. 
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'Iable 17. Annual Irrigation Project costs, Percent of 10tal 
----------------------------------------------------------------------------------------------------------

Admini- Y.later r-ainte- Total TOtal 1Y77 TOtal. l'-J7 7 ·rotal 
str ative* Control* nance* O&M* O&M* Power ProJect ~s .*** System 

Project ( ~) &!·1) ( ~&r.-n ( %JSM) ( ~cSM) (%tot) (%tot) (%tot) (%tot) (%tot) 

--------------------------------------------------------------------------------------------
Enterprise 5 19 75 100 97 0 97 3 100 
Parks & Lewisville 16 25 59 100 99 0 99 1 100 
Os<;poct 16 21 57 100 37 63 99 1 100 
Idaho 23 21 57 100 97 0 97 3 1uo 
Dans kin 14 19 66 100 99 0 99 1 100 
Burley 13 25 62 100 81 15 96 4 100 
A & 8 15 22 64 100 64 35 100 0 100 
Milner I.oN Lift 14 16 71 100 68 30 98 2 100 
tbrth Side 11 20 6~ 100 96 0 96 4 100 
~voc.rl River Valley 7 34 59 100 100 0 100 0 100 
Salcron River 29 18 53 100 97 0 97 3 100 
Cedar ~1esa 23 47 29 100 98 0 98 2 100 
1£11 Papids 19 22 59 100 20 80 100 0 100 
King Hill 15 16 69 100 100 0 100 0 100 
Settlers 22 13 65 100 97 2 99 1 100 
s. Board of Gbntrol 18 18 64 100 87 8 95 5 100 
Little Wi1lov 9 20 71 100 99 0 99 1 100 

----------------------------------------------------------------------------------------------------------
* 
** 
*** 

1974,1975,and 1976 costs adjusted to 1977 
1977 costs, only 
Reservoir costs include only OBM costs. 



man-years defined as the work of one man for one year. Administrative 

personnel include the manager (or that portion and cost of the manager's 

time devoted to administration), secretaries, clerks, and bookkeepers. 

Watermasters, ditchriders, and pump operators comprise water control personnel. 

The maintenance category includes laborers, equipment operators, pump 

maintenance crews, etc. In most projects, ditchriders may work on both 

water control and maintenance. 

Personnel costs and labor requirements of projects have been tabulated 

in Table 18. Costs for personnel include salaries and wages, housing 

benefits, FICA, insurance, and retirement funds paid by the project. 

Personnel costs per acre, mile of distribution system, and system user 

are presented in Ta.bles 19, 20, and 21. A relative breakdown of the cost 

categories as percentages of total personnel costs and personnel costs 

as a percent of total 0 & M costs ·are included in Table 22 along with labor 

requirements. Administrative personnel costs of projects averaged 14 percent 

of total personnel costs, ranging from 5 percent to 25 percent, whereas water 

control accounted for an average 36 percent of total costs of personnel 

and ranged from 17 percent to 70 percent. Maintenance costs ranged from 

17 percent on the Cedar Mesa Project to 67 percent in the Settlers Irri­

gation District and averaged 50 percent of total project personnel costs. 

Thirty eight percent of the total annual 0 & M budget was spent for employ­

ment of personnel by the Enterprise District and 67 percent was apportioned 

for personnel costs on the Danskin and Settlers projects. Personnel costs 

averaged 54 percent of total 0 & M expenditures for the seventeen projects 

evaluated. These expenditures did not include reservoir 0 & M or electrical 

power costs. As for actual personnel activities, an average of 12 percent 

of a project's working force was used for administrative purposes. 

Water control and maintenance activities required an average of 31 percent 
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Table 18. Irr iqation _t)roject ~r sonnel costs anj Labor ~ouirements 
------------------------------------------------------------------------------------------------------------

Personnel Costs* Personnel .Labor 
----------------------------------------- ----------------------------------------
Admini- ~~ater tAainte- Adnini- water rvainte-

strative Control nance 'J.Otal strative Control nance 10tal 
Project ( $) ( $) ( $) ( $) (m-y)** (m-y)** (nry) ** (m-y)** 

---------------------- ----------------------------------------- --------------------------------
Enterprise 576 3358 4734 8668 0.15 0.42 0.28 o. 85 
Parks & Lewisville 594 2727 3247 6568 0.08 0.35 0.42 0.85 
0SJooj 8045 10877 13508 32430 0.33 0.64 1.06 2.03 
Idaho 12625 24367 39811 76803 1.20 2.40 4. 50 8.10 
Dans kin 881 5032 '1255 7168 0.10 o. 20 o. 32 0.62 
Burley 38116 101498 149050 288664 3.00 11.00 12.30 26.30 
A & a 79754 130502 261004 4 71260 6.00 8.20 29.80 44.00 

....... Milner Low Lift 7019 17942 41246 66207 0.40 1.30 2.80 4. so 0 
0'\ tbrth Side 38832 13008 3 337361 506276 3. 50 19.70 30.90 54.10 

~Kxrl River Valley 355 4164 3202 7721 0.05 0.50 o. 26 0.81 
Salrron River 23563 24141 50848 98552 2.00 3.63 4.87 10. 50 
Cedar Mesa 2058 6024 1632 9714 0.25 o.so 0.15 0.90 
Be 11 Rapids 11783 58579 53168 123530 0.60 4.10 5.25 9.95 
King Hill 14808 15473 47911 78192 1.20 1.60 3. 67 6.47 
Settlers 7422 7683 30880 45985 1.00 o. 70 3.45 5.15 
S. Board of Cbntrol 54905 60535 152401 267841 3.80 5.50 14.10 23.40 
Little Hil1av 1524 3883 6871 12283 0.25 0.42 0.65 1. 32 
------------------------------------------------------------------------------------------------------------

* 1974,1975,and 1976 costs adjusted to 1977 
** ma.n-years 
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Table 19. Irrigation Project Personnel Costs and Labor Requirements per Acre 
------------------------------------------------------------------------------------------------------------

Personnel Costs* i?ersonnel Labor 

----------------------------------------- ----------------------------------------

Project 

Enterprise 
Parks & Lewisville 
OsgOCJd 
Idaho 
Dans kin 
Burley 
A & B 
Milrer IDN Lift 
North Side 
WCXrl River valley 
Sa lnon River 
Cedar t-~sa 
Bell Ral?ids 
King Hill 
Settlers 
s. Board of Cl:>ntrol 
Little Willow 

Admini­
strative 

($/A) 

0.10 
0.07 
L29 
0.35 
0.19 
0.92 
1.08 
0.52 
0.26 
o. 07 
1.19 
0.51 
0.46 
1. 35 
o. 79 
1.44 
0.64 

Water 
Control 

($/A) 

0.56 
0.32 
1. 75 
o. 68 
1.06 
2.45 
1. 77 
1.33 
0.87 
0.86 
1.22 
1.49 
2.30 
1.41 
0.81 
1.59 
1. 64 

~ainte­

nance 
($/A) 

0.79 
0.38 
2.17 
1.12 
0.27 
3.60 
3. 53 
3. 06 
2.26 
o. 66 
2.57 
0.40 
2.08 
4.36 
3.27 
4.01 
2.90 

'lbtal 
($/A) 

1.45 
o. 77 
5. 21 
2.16 
1.52 
6. 97 
6.38 
4.91 
3. 39 
1. 59 
4. 98 
2.41 
4.84 
7.11 
4.87 
7.04 
5.18 

Admini­
strative 
(m-y /t) ** 

water 
control 
(m-y /t) ** 

tv1ainte­
nance 

(m-y /t) ** 
'IOta! 

(m-y /t) ** 
----------------------------------------

o. 25 
0.09 
o. 53 
o. 34 
0.21 
o. 72 
0.81 
o. 30 
0.23 
0.10 
l. 01 
o. 62 
0.24 
1. 09 
1.06 
1.00 
1. 05 

0.70 
0.41 
1.03 
0.67 
0.42 
2. 65 
1.11 
0.96 
1.32 
1.03 
1. 84 
1.24 
1. 61 
1.45 
0.74 
1.45 
1.77 

0.47 
0.49 
1.70 
1.26 
o. 68 
2. 97 
4.04 
2. 08 
2.07 
o. 54 
2.46 
0.37 
2.06 
3. 34 
3. 65 
3.71 
2. 74 

1.42 
1.00 
3.26 
2.28 
1. 31 
6. 35 
5.96 
3. 34 
3. 62 
1.67 
s. 31 
2.23 
3.90 
5.88 
5.46 
6.15 
5. 57 

----------------------------------------------------------------------------------------------------------
* 1974,1975,and 1976 costs adjusted to 1977 
** man-years per ten thousand acres irrigated in 1977 
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Table 20. Irrigation ProJect fJer sonnel Costs and LabOr Feauirements per System ~-'lile 

------------------------------------------------------------------------------------------------------------
Personnel Costs* Personnel Labor 

----------------------------------------- ----------------------------------------
Aarnini- water Mainte- Admini- water .r-ainte-

strative Control nance 'lbta1 strative Control nance 'Ibtal 
Project ($/mi) ( $/rni) ($/mi) ( $/mi) (m-y /mi) ** (m-y /mi) ** (m-v /lT'i) ** (m-y /mi) * 
---------------------- ----------------------------------------- ----------------------------------------
Enterprise 38 224 316 578 0.010 0.028 0.019 o. 057 
Parks & Lewisville 17 78 33 188 0.002 o. 010 0.012 0.024 
Osg:xxl 268 363 450 1081 0.011 o. 021 0.035 o. 068 
Idaho 84 162 265 512 0.008 0.016 o. 030 o. 054 
Dans kin 44 252 63 358 0.005 0.010 0.016 o. 031 
Burley 143 380 5~8 1081 0.011 0.041 0.046 0.09~ 
A & B 480 786 1572 2839 o. 036 o. 049 0.180 0.265 
Milner LON Lift 140 359 825 1324 0.008 o. 026 0.056 0.090 
t-Prth Side 51 172 447 671 0.005 0.026 0.041 o. 072 
~ River Valley 16 189 146 351 0.002 0.023 0.012 0.037 
Sa lrnon Fiver 216 221 466 904 0.018 0.033 0.045 0.096 
Cedar ~1esa 187 548 148 883 o. 023 0.045 0.014 o. 082 
Bell Rapids 99 492 447 1038 0.005 0.034 0.044 o. 084 
Kinq Hill 178 186 577 942 0.014 0.019 0.044 o. 078 
Settlers 135 140 561 836 0.018 0.013 0.063 0.094 
s. Board of Cbntrol 283 312 786 1381 0.020 0.028 0.073 0.121 
Little Willow 30 76 135 241 0.005 0.008 0.013 0.026 
------------------------------------------------------------------------------------------------------------

* 1974,1975,and 1976 costs adjusted to 1977 
** man-years per system mile 
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Table 21. Irrigation Project Personnel costs and LabOr ~equirernents per System user 
------------------------------------------------------------------------------------------------------------

Personnel Costs* Personnel Labor 
----------------------------------------- ----------------------------------------
Admini- yJater ~ainte- Admini- ~\T ater P.ainte-

strative Control nance '!Otal strative Control nance '!Otal 
Project ($/user) ($/user) ($/user) ($/user) (m-y /u) ** {m-y /u) ** (m-y /u) ** {m-y /u) ** 
----------------- -------------------------------- -------------------------------
Enterprise 9 53 75 138 0. 002 0.007 0. 004 0.013 
Parks & Lewisville 4 18 22 44 0.001 0.002 0.003 0.006 
Os<perl 473 640 795 1908 0.019 0.038 0.062 0.119 
Idaho 23 45 74 142 0.002 0. 0'04 0.008 0.015 
cans kin 11 63 16 90 o. 001 0.003 0.004 0.008 
Burley 67 178 261 506 0.005 0.019 0.022 o. 046 
A & B 155 253 506 913 0.012 0.016 o. 058 0.085 
Milner ION Lift 83 211 485 779 o. 005 0.015 0.033 0.053 
N:>rth Side 35 118 307 460 0.003 0.018 0.028 o. 049 
Wood River Valley 10 122 94 227 o. 001 0.015 0.008 o. 024 
Salrron River 135 139 292 566 0.011 0.021 0.028 o. 060 
Cedar ~sa 206 602 163 971 0.025 o. 050 - 0.015 0.090 
Bell Rapids 786 3905 3545 8235 o. 040 0.273 o. 350 0.663 
King Hill 228 238 737 1203 0.018 0.025 o. 056 0.100 
Settlers 44 45 182 271 o. 006 0.004 0.020 o. 030 
s. Board of Gbntro1 ill 122 307 540 o. 008 0.011 0.028 o. 047 
Little WiilON 61 156 275 491 0.010 0.017 0.026 0.053 
------------------------------------------------------------------------------------------------------------

* 1974,1975,and 1976 costs adjusted to 1977 
** man-years per water user > 20 acres 
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·raole 22. Irr iqation Project Per son.nel Costs and Looor Require!Tlents, Percent of 'Iotal 
------------------------------------------------------------------------------------------------------------

Personnel Costs* 
-----------------------------------------
Admini- t•J ater r.~inte-

strative Control nance 'lbtal 
Project ( %) *** ( %) *** (%)*** (¥0&M)**** 
---------------------- -----------------------------------------
Enterprise 7 39 
Parks & Lewisville 9 42 
Os<pad 25 34 
Idaho 16 32 
Dans kin 12 70 
Burley 13 35 
A & B 17 28 
l•1ilner I.OtoJ Lift ll 27 
IDrth Side 8 26 
Wcx:rl River Valley 5 54 
Sa Lron River 24 24 
Cedar t--1esa 21 62 
fell R:l'""·ids I:-' 10 ' 47 
King Hill 1.9 20 
Settlers 16 17 
s. Board of Cbntrol 20 23 
Little ~~Jillav 12 32 

* 
** 
*** 
**** 

1974,1975,and 1976 costs adjusted to 1977 
percent total project laoor requirement 
percent total personnel costs 
percent total project 0£,1 costs 

55 38 
49 43 
42 51 
52 59 
18 67 
52 63 
55 61 
62 50 
67 59 
41 55 
52 53 
17 50 
43 40 
61 56 
67 67 
57 65 
56 44 

Per so nne l Labor ** 
----------------------------------------

Admini- y}ater JV.ainte-
strative Control nance Total 

( %) ( %) (%) ( %) 

----------------------------------------
18 49 33 100 

9 41 49 luG 
16 32 52 lOu 
15 30 56 100 
16 32 52 lOu 
11 42 47 100 
14 19 68 100 

9 29 62 lOC 
6 36 57 llJO 
6 62 32 100 

19 35 46 100 
28 56 17 100 

6 41 53 100 
19 25 57 lOU 
19 14 67 100 
16 24 60 lOU 
19 32 49 100 



• 

and 57 percent of the project labor force, respectively. 

Project personnel costs averaged $4.16 per 1977 irrigated acre over 

a three year period, ranging fonn $0.77 for the Parks and Lewisville 

system to $7.10 per acre for King Hill users. Personnel costs per system 

mile averaged $895 and ranged from $188 to $2839 expended by the A & B 

District. Project water users paid an average of $1028 per year for 

personne 1 costs, ranging from $44 on the Parks and Lewi svi 11 e system to 

$8235 per user on the Bell Rapids system. 

Project Material and Equipment Costs 

Average annual expenditures for project maintenance materials 

are presented in Table 23. Also included are estimated costs of 

equipment depreciation. Annual depreciation costs on a per unit basis 

indicate the modernization and relative size of project machinery and 

vehicle fleets. Depreciation of pumps and water control structures were 

not included in the depreciation calculation. Costs for maintenance 

materials varied from $25 to $818 per mile of distribution system 

for projects, averaging $276. Material costs comprised an average 15 

percent of the total 0 & M budget, and equipment depreciation costs 

accounted for an average of 9 percent of 0 & M costs. Depreciation 

costs ranged from $41 to $370 per system mile per year and averaged $138 . 
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·ruole 23. Annual Project !\a ter ial and Eouianent Cbsts 

-----------------------------------------------------------------------------------------------------------
:~aintenance t,U ter ials * Bouipment De9reciation** 

=========================================== ======================================== 
Project ( $) (SA)*** (S/n,i) ( %0&~~ ) ( $) ($/A) ($/ffii) ( ru&t·1 ) 

-----------------------------------------------------------------------------------------------------------
Bnterprise 
Parks & Lewisville 
0S?o:xl 
Idaho 
Dans kin 
Burley 
A & a 
Milner Low Lift 
1:\t>rth Side 
vlcx:x] Piver Valley 
Salrron River 
Cedar 111esa 
~11 Papids 
King Hill 
Settlers 
s. Board of Cbntrol 
Little Hillcw 

3647 
2385 

19806 
15842 

352 
100081 
124081 
20856 
90101 

551 
25375 
1386 

97391 
16115 

8871 
55921 

3784 

u. 61 
Vn " P • L. .J 

3.ld 
0.45 
0.18 
2.42 
1. 68 
1. 55 
o. 6L) 
0.11 
1.28 
o. 34 
3.82 
1.47 
0.94 
1.47 
1.60 

243 
6.S 

660 
106 

43 
375 
747 
417 
119 

25 
233 
126 
818 
194 
161 
288 

74 

15.9 
15.4 
31. 2 
12.2 
7.9 

21.9 
16.0 
15.8 
10.5 

3.9 
13.6 
7.1 

31.4 
11.5 
13.0 
13.6 
13.5 

3339 
4043 
4725 
8973 
1000 

15755 
55185 
18476 
58672 
1650 

20022 
1446 

11649 
11367 

5478 
27895 
2087 

0.56 
0.48 
0.76 
o. 25 
0.21 
0.3B 
0.75 
1.37 
0.39 
0.34 
1.01 
0.36 
0.46 
1.03 
0.58 
o. 73 
0.88 

223 
116 
153 

60 
50 
59 

332 
370 
78 
75 

184 
131 
~8 

137 
100 
144 

41 

14.6 
20.2 
7.4 
6.9 
9.3 
3.4 
7.1 

14.0 
6.8 

11. 7 
lU. 7 
7.4 
3.8 
8.1 
8.0 
6.8 
7.5 

-----------------------------------------------------------------------------------------------~----------

* Includes weed control supplies 
** Includes de"9reciation of leased machinery and private vehicles used for water O)ntrol 
*** per 1977 irrigated acre 



CHAPTER VI 

PROJECT WATER USE AND COST RELAT.IONSHI PS 

Stat i sti ca 1 ana lyses were performed on re 1 ati onshi ps between 

various items of quantitative information collected from the irrigation 

projects evaluated during this study. In all, 213 different parameters 

describing system costs, water use, and system information were 

correlated and used in regression analyses. These parameters are 

listed in Appendix G of this report. A statistical analysis computer 

package SAS76 (Barr et al, 1976) supported on the University of Idaho 

IBM 370-145 computer was used to perform all statistical analyses 

using data stored on magnetic disk. 

Correlation Analysis 

The CORR procedure of SAS76 was used to output simple linear 

correlation coefficients for each pair of the 213 parameters gathered. 

In all, over 22,000 correlation coefficients were evaluated. Meaningful 

relationships with significantly high correlation coefficients have 

been selected for presentation. The hypothesis tested during the 

correlation analyses was . H0 : p~ 0, where p is. the population correlation 

coefficient. A coefficient of determination (r2) equal to 0.232 

(n = 17) marked the 95% level of confidence that the hypotbesi~ was 
2 fa 1 se, or that P ~ 0. An r equa 1 to 0. 367 or gre.a ter was. c 1 ass t fi.ed 

as highly significant .at a 99% level of c.onfidence (a= 0.01 ). Meaningful 

relationships wi.th significant linear correlations (_relationships) have 

been pres·ented in Tab 1 es 24-29 in this chapter. Un 1 ess footnoted, 



these relation~hips are all highly significant (a< 0.01) . . Most terms 

listed in these tables are defined in Chapter III. 

Water Use Efficiencies 

Listed in Table 24 are si.gnificant relationships between efficiency 

terms and cost and parameter terms. As shown in this table, annual 

project irrigation efficiencies were found to b.e directly proportional 

to conveyance and application efficiencies, water control and main-

tenance material costs, and soil texture; whereas, irrigation effi­

ciencies were inversely related to the project system diversion 

capacity and farm deliveries of water. In other words, projects with 

relatively high farm deliveries per unit generally had lower than 

average project irrigation efficiencies. No significant relationship 

was found between efficiency and the portion of project area irrigated 

with sprinkler systems. 

Conveyance efficiencies were significantly higher than average on 

systems with high power consumption and in areas of heavy soils (high 

water holding capacity). Also, projects with earlier water rights 

had lower conveyance efficiencies. Conveyance efficiencies were 

statistically unrelated to project application efficiencies, project 

diversions per acre, and total operation and maintenance costs per 

irrigated acre. 

Average seasona 1 application effi.ctenci es. were .directly propor~ 
. . ' ' 

tional to soil texture and amounts of money spent on water control 

and maintenance. One interesting relationship concerning application 

efficiency indicates that Idaho projects with greater depe.ndence on 

reservoir storage for project diversions have higher application 

efficiencies·. Als-o, project systems with _large diversion capacities 
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TABLE 24. Relationships between 1977 water use efficiencies and system characteristics for 
selected Idaho projects. 

Project 
Irrigation 
Efficiency 

Project 
Conveyance 
Efficiency 

Project 
Ap p 1 i ca t i on 
Efficiency 

Directly Related 1 

Project conveyance eff. 
Project application eff. 
Water control costs, $/ac 
Maintenance materials, $/ac 
Silt faction of soil 

. 1 
Inversely Related 

System capacity, cfs/ac 
Farm deliveries, af/a 

· Total system costs, $/mi 2 Average water right date 
Power consumption, kwh/mi 
%of diversions pumped 
Maintenance cost, $/ac inflow 
Water holding capacity, in/ft 

Water control, $/af inflow 
Maintenance, $/af inflow 
Water control costs, . $/ac 
Silt faction of soil 
1977 reservoir storage, 
af/af 1977 inflow 

Project diversions, af/ac 
Farm deliveries, af/ac 
System capacity, cfs/ac 

1 highly significant relationships at 99% confidence level 
2 significant relationships at 95% confidence level 2 3 relationship is not significant at 95% confidence level (r < 0.232) 

Unrelated 3 

% sprinkler 
Project terrain 
Elevation differential 
Power cost $/ac 
Reservoir cost $/ac 
Average water right date 

Project application eff. 
Project diversions, af/ac 
Total 0 & M costs, $/ac 
Power costs, $/ac 
% sprinkler 

Project conveyance eff. 
Power Costs, $/ac 
Return flow 
% sprinkler 
Average water right date 



per unit area are apt to be less efficient in water application. 

Project applicatton efficiencies for the Idaho projects· studied were 

inversely proportional to project diversions and farm deliveries, 

but unrelated to sprinkler irrigated area or water right priorities. 

Project Water Use 

Relationships between various uses of diverted water and system cost 

and characteristics are presented in Table 25. Project diversions per 

unit area in 1977 are seen to have significantly affected canal seepage 

losses, deep percolation and return flow from project lands. Diversions 

were lower for projects with fine-textured soils and high water holding 

capactities. Also, projects spending more money on water control 

activities diverted less water per irrigated acre. Project size, length, 

shape, number of users, and types of crops grown had no significant 

impact on system diversions per unit area. 

Canal seepage was shown to have a negative effect on conveyance 

and irrigation efficiencies. Also, ·in systems where greater amounts of 

money were spent on water control and system maintenance per unit of 

water conveyed through the system, seepage losses were lower. The 

average project soil type, system age or project compactness had no 

significant effect on seepage losses. 

Farm runoff leaving project boundaries, per irrigated acre, was 

proportional to operational spills and losses from project conveyance 

systems. Projects with low volumes of farm surface runoff generally 

had relatively low volumes of operational spills. Surface runoff 

losses were not found to significantly affect project application 

efficiencies. 

Deep percolation of proejct water did siqnificantly affect project 
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TABLE 25. Relationships between 1977 water use and system characteristics for selected Idaho projects. 

1977 Project 
diversions, af/ac 

Canal Seepage, af/ac 

Project Surface 
runoff, af/ac 

Deep percolation 
af/ac 

1 
Directly Related 

System capacity, cfs/ac 
Canal seepage, af/ac 
Deep percolation, af/ac 
Return flow, af/ac 

1 
Inversely Related 

Project irrigation eff. 
Project a.pplication eff. 
Silt faction of soil 
Water holding capacity 
Water control, $/ac 
Maintenance materials, $/mi 

Project diversiona, af/ac Project conveyance eff. 

Operational waste af/ac 

Project Irrigation eff~ 
0 & M costs, $/af inflow 
Water control, $/af inflow 
Maintenance, $/af inflow 

Project diversions, af/ac Project Irrigation eff. 
Farm deliveries, af/a Project application eff. 
System capacity, cfs/ac Water control, $/af inflow 
Average crop ET, af/a Maintenance, $/af inflow 
Water control· personnel 

2
o & M costs, $/af inflow 

costs, % total personnel 

l highly significant relationships at 99% confidence level 
2 significant relationships at 95% confidence level 2 3 relationship is not significant at 95% confidence level ( r <0.232) 

3 Unrelated 

Potato acreage, % 
Alfalfa acreage, % 
Project size 
System length 
Number of users 
Project compactness 

Sot 1 type 
Project age 
Project compactness 
Irrigated acres per mile 

of sys tern 

Project Application 
efficiency 

Soil type 
% sprinkler 
Cropping pattern 
Return flow 
Water holding capacity 



irrigation and application efficiencies in a negative manner (a= 0.01). 

Percolation losses were lower from projects with high water control and 

maintenance costs per unit volume of diversion. These losses were also 

found to be directly dependent on the magnitude of project diversions 

and farm deliveries, and system capacity per 1977 irrigated acre. 

Deep percolation losses were greater on projects where high water-use 

crops such as alfalfa, pasture, sugar beets, and potatoes were grown, 

and on projects where a large proportion of labor is spent on water 

control activities. No significant relationships were found between 

deep percolation losses and soil type, water holding capacity or degree 

of sprinkler irrigation. 

Total System and 0 & M Costs 

Significant and meaningful relationships between 0 & M and total 

system costs of projects and other costs and characteristics are· presented 

in Table 26. Total 0 & M costs, defined in Chapter III as the composite 

of administrative, water control and maintenance costs, were found to 

be higher on projects of Federal origin, even though these federally 

assisted projects did not have significantly higher water use effici­

encies. 0 & M costs were also found to increase as personnel requirements, 

equipment depreciation, pump horsepower or power consumption per 

irrigated acre increased. Projects with early flow rights or large 

diversion capacities relative to irrigated areas had significantly 

lower 0 & M costs per irrigated acre. Also, projects along the higher 

stretches of the Snake River and its tributaries (eastern Idaho) were 

found to have lower 0 & M costs and systems with high water-user/ 

ditchrider ratios had low 0 & M costs. No significant correlations 

were found between 0 & M costs and project size, efficiencies, total 
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~ABLE 26. Relationships between total 0 & M and system costs and system characteristics for selected 
Idaho projects. 

Direct 1 y Re 1 a ted 1 Inverse 1 y Re 1 a ted 1'. Unre 1 ated 3 

Total 0 & M 
costs, $/ac 

Total System 
Costs, $/ac 

Federal origin2
2 Project terrain 

Personnel requirement m-y/a 
Power consumption, kwh/a 2 Project equip. deprec. $/ac 
Project pump horsepower, 

hp/ac 

Project power costs, $/ac 
Project irrigation eff.~ 
Project conveyance eff. 
Gross crop value, $/ac 
Maintenance materials, $/ac 
Ditchrider mileage, mpd 
Project farm size 
Irrigated area/canal area 
Pipe system, % 
Project pump horsepower/ac 
Potato acreage. % 
Farm delivertes, %diversions 

Earliest water right date 
Maximum irrigable elevation 
System capacity, cfs/ac 2 System users per ditchrider 

Earliest water right date 
Open channel, % 
Alfalfa and Grain Acreage, % 
Project diversions, af/ac 
Personnel costs, % sys. costs 

highly significant relationships at 99% confidence level 
2 significant relationships at 95% confidence level 2 3 relationship is not significant at 95% confidence level ( r < 0.232) 

Project size 
% pipe 
% sprinkler 
Project irrigation eff. 
System length 
Project diversions, af/a 

Project size 
System length 
% sprinkler 
Project terrain 
Project equip. deprec. $/ac 
Project compactness 



system length or seasonal diversion. 0 & M costs were also unrelated 

to the proportions of pipe used in water conveyance systems and percentages 

of sprinkler systems used in water application. 

Total system costs were defined to include project 0 & M costs, 

project reservoir 0 & M costs and electrical power costs for water pumping. 

As shown in Table 26, total system costs were significantly related to 

project irrigation and conveyance efficiencies (r2 =0.50 and 0.56) due 

in part to high power costs and the amount of pipe used in the Bell 

Rapids and Osgood systems. Projects raising high value crops (more 

potatoes) had relatively high system costs. Ditchrider mileage and 

maintenance material costs were high for projects with high system 

costs per acre, and farm sizes were larger than average. The amount of 

land irrigated per unit area of canal was also higher for high system 

cost projects. In projects with high total system costs, alfalfa 

and grain acreages were generally low and more pipe was used for 

water conveyance. These projects also had later than average water 

rights, and are located in areas away from early obtained water supplies. 

Most of the projects with high total system costs pump some portion 

of their water supply. High total system costs did not significantly 

correlate with project size or system length and were not related 

to the percentage of project land irrigated with sprinkler systems. 

Project terrain and compactness were also unrelated to total system 

costs per irrigated acre. 

0 & M Cost Breakdown 

Administrative costs, $ per irrigated acre, were significantly 

greater for projects of Federal origin and for projects with conveyance 

systems having higher portions of lined channel or pipe, as shown in 
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Table 27. Administrative costs were lower for projects with greater 

diversion capacities per unit area or larger proportions of alfalfa 

and grain. Water use in the form of project diversions was found to 

be greater for systems with less management (lower administrative 

costs). Costs for system management were unrelated to project size, 

length, percent sprinkler and gross crop value. 

Project irrigation and application efficiencies were higher for 

projects spending more money per acre for water control. These water 

delivery organizations were found to also use more materials for system 

maintenance and operated larger portions of pipe and lined channels within 

their conveyance systems. Project diversions, far.m deliveries and deep 

percolation per acre were lower for projects with higher per acre water 

control costs. It is interesting to note that conveyance efficiencjes, 

equipment use and system length were not significantly related to 

degree of water control costs. 

Irrigation projects in steeper terrain and those with higher than 

average efficiencies were found to have higher maintenance costs per 

irrigated acre. High costs for maintenance were also significantly 

related to costs for water c-ont·rol, management, materials and equipment 

use. Eastern Idaho projects spent less money on maintenance than did 

projects evaluated in the central and western areas of the state. 

Projects which were privately financed and constructed also spent less 

for system maintenance than did Federal projects. Maintenance costs 

per irrigated acre were not found to vary with project conveyance 

efficiency, size, length or compactness. 

Relationships between personnel costs per irrigated acre and system 

parameters are listed in Table 28. Total personnel costs are greater for 

Federal projects and less for projects along the Upper Snake. These costs 
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TABLE 27. Relationships between 0 & M cost categories and system characteristics for selected 
Idaho projects. 

Administrative 
costs, $/ac 

Water control 
costs, $/ac 

M~intenance costs, 
$fac 

Directly Related 1 

Project equipmznt deprec. $/ac 
Federal origin 

2 Lined channel & pipe, % 
Maintenance materials, $/ac 

Project Irrigation eff.
2 Project application eff. 

Lined channel & pipe, % 
Maintenance materials, $/ac 

Project terrain 
Admin. costs, $/ac 
Water control costs, $/~c 
Project irrigation eff. 
Maintenance materials, $/ac 
Project equipment deprec. $/ac 

l Inversely Related 

System capacity, cfs/ac2 

Alfalfa & Grain acreage, % 
Project diversions, af~ac 2 

Farm deliveries, af/ac 
2 Deep percolation, af/ac 

Project diversions, af~ac 
Farm deliveries, af/ac 

2 Deep percolation, af/ac 

Maximum irrigable elevat~on 
Deep percolati2ns, af/ac 
Private origin 
System capacity, cfs/ac 

1 highly significant relationships at 99% confidence level 
2 significant relatioffihips at 95% confidence level 

2 3 relationship is not significant at 95% confidence level ( r <0.232) 

Unrelated 3 

Project size 
System length 
% sprinkler 
Gross crop value, $/ac 

Project conveyance eff. 
Project equip. deprec. 
System length 
Project size 

Project size 
System length 
% lined channel 
% pipe 
Project conveyance eff. 
Project compactness 
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TABLE 28. Relationships between various system costs and system characteristics for selected 
Idaho projects. 

Directly Related 1 - ---~- Inversely RelatedT Unrelated 

Total Personnel 
Costs, $/ac 

Average 
Personnel cost 
$/my 

Maintenance 
Material costs, 
$/ac 

Project Equip. 
Depreciation 
$/ac 

Federal origin 
Maintenance materials, $/ac 
Project equip. deprec. $/ac 
Administrative costs, $/ac 
Water control costs, $/ac 
Maintenance costs, $/ac 
Total 0 & M costs, $/ac 

% Pipe 
Maintenance materials, $/ac 
Power costs, % system costs 
Total system costs, $/ac 

Project irrigation eff. 
Total 0 & M costs, $/ac 
Total Personnel costs, $/ac 
Power costs, $/ac 
Power Price, $kwh 
% Pipe 
Farm size 
Gross crop value/af inflow 

Administrative costs, $/ac 
Maintenance costs, $/ac 
Personnel costs, $/ac 

Maximum irrigable elevation 
Water control pers. costs. 
% total personnel costs 

Alfalfa & Grain acreage, % 

Earliest water right date 
Alfalfa & Grain acreage, % 
% open channel 
Project diversions, af/ac 
Canal seepage, af/ac 

1 
2 
3 

highly significant relationships at 99% confidence level 
significant relationships at 95% confidence level 2 relationship is not significant at 95% confidence level (r < 0.232) 

Project efficiencies 
Project diversions, af/ac 
Power consumption, kwh/ac 
Project size 
System length 
% sprinkler 
Project terrain 
Gross Crop value, $/ac 

Project efficiencies 
Project size 
System length 
Origin 

Project size 
System length 
Project conveyance eff. 
Operational losses 
Return flow 
Project compactness 

Project efficiencies 
Project size 
System length 



correlate quite well with other categories in the total 0 & M cost 

breakdown. Total costs per acre for personnel were not significantly 

related to project water use efficiencies, power consumption or system 

size and length. 

An average personnel cost calculated for each project included the 

average salary and benefits paid to organization employees. Average 

costs for full time project employees were found to be directly related 

to costs of maintenance materials and proportions of pipe in the 

conveyance system, and inversely related to the relative amou nts of 

grain and alfalfa grown on project farms . High wages and benefits 

did not correlate with water use efficiencies, project size, length or 

financial origin. 

Costs per acre for maintenance materials were greater for projects 

with more efficient use of water, more pipe and larger farms. Projects 

with early flow rights and large acreages of alfalfa and grain generally 

spent less money on maintenance materials. Costs for maintenance 

materials did not significantly relate to operational losses, return 

flow volumes or project compactness. 

Water delivery organizations with large costs per acre for equip­

ment depreciation generally spent more money for administration and 

system maintenance. 

Power Costs and Consumption 

Relationships between 1977 power costs, $ per acre, and system 

characteristics and costs are summarized in Table 29. Irrigation prodects 

with high expenditures for electrical power invested larger amounts 

of money in system maintenance than did projects with low power demands. 

The gross crop value and potato acreag~s on pumping projects was higher 
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TABLE 29. Relationships between power use and system capacities and system characteristics for 
selected Idaho projects. 

1977 Power 
costs, $/ac 

1977 Power 
Consumption, 
kwh/ac 

Irrigated area/ 
system capacity 
a/cfs 

Directly Related 1 

Maintenance costs, $/ac 
Maintenance costs, $/mi 
Gross crop value, $/ac 
% pipe 
Project farm size 
Potato acreage, % 
Irrigated area/canal area 
Maintenance materials, $/ac 

Project conveyance eff. 
Gross crop value, $/ac 
Total System costs, $/ac 
Water control costs 
0 & M assessment, $/ac 
Ditchrider mileage, mpd 
% pipe 
P.roject farm size 

Water right duty, a/cfs 
Project irrigation eff. 
Project application eff. 
Maintenance costs, $/ac 

1 
Inversely Related 

% open channel 
% surface systems 
Earliest water right date 2 Alfalfa & Grain acreage, % 

Earliest water right date 
Alfalfa acreage, % 

Deep Percolation, af/ac 
Alfalfa and Grain, % 
Farm deliveries, af/a 
Project diversions, af/a 
Project terrain2 

highly significant relationships at 99% confidence level 
2 significant relationships at 95% confidence level 2 3 relationships not significant at 95% confidence level (r < 0.232) 

3 Unrelated 

Project efficiencies 
Project size 
System length 
Project diversions, af/ac 
So i 1 type 

Project Irrigation eff. 
Project application eff. 
% sprinkler 
Project terrain 
Project compactness 

Project conveyance eff. 
Reservoir storage, af/ac 
Project size 
System length 
% sprinkler 



than average, possibly to offset costs of electrical energy. The ratio 

of irrigated land to canal wetted area was higher among large power 

users, partially due to more efficient canal designs and the use of 

pipe for conveyance in some areas. Projects with high power costs 

per acre in 1977 used more sprinkler systems for water application 

and have later water rights than non-power users. However, costs 

for power did not significantly relate to system efficiencies, project 

size or length, seasonal diversions or soil type. Only six of seven­

teen projects studied used significant amounts of electrical power. 

Actual consumption ofelectrical power in 1977 in kwh per acre did 

coincide with conveyance efficiencies of water delivery systems (r2 = 0.56) 

as shown in Table 29. Average farm sizes and daily ditchrider mileage 

increased as power consumption increased, and costs for water control 

were also higher. Contrary to costs for power, actual power consumption 

per acre was not related to use of sprinklers. This contradiction can 

be explained by the difference in the price of electrical power from 

private utilities and Federal utilities (BPA). Average slopes of 

project farms and project compactness did not correlate significantly 

with power consumption. 

Irrigated area/system capacity, a/cfs, serves as an indication 

of a water delivery system's diversion capacity relative to irrigated 

land served. This parameter correlated highly with irrigated acres/ 

water right, a/cfs, as shown in Table 29. Water delivery organizations 

with efficiently sized conveyance systems had higher than average 

project irrigation and application efficiencies and project seasonal 

diversions, farm deliveries and deep percolation losses were lower. 

However, efficiently sized conveyance systems did not necessarily 
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induce high conveyance efficiencies and were unrelated to project 

size, length, and percentage of sprinklers used on project farms. 

Project Water Availability 

Two of seventeen project studied, Salmon River Canal Company and 

the Wood River Irrigation District, have been historically plagued 

with irrigation water shortages caused by seasonal droughts, low late 

summer stream flows and high conveyance system or water storage losses. 

These two projects, located on tributaries of the Snake River, were sub­

jected to water shortages during the 1977 irrigation season, resulting 

in reduced irrigated acreages. These projects are described in Chapter 

IV. Water use, efficiencies and operations procedures of the Salmon 

River and Wood River projects were evaluated for the 1976 and 1977 

seasons by Worstell (1978). No significant differences in these para­

meters for the water short year (1977) were found. However, correlation 

analysis of project parameters in this study did reveal relationships 

between irrigated acreage reduction and some system characteristics as 

shown in Table 30. The variable labeled as 11 1977 irrigated acreage/ 

assessed acreage" was used as an indicator of reduced project acreage 

in 1977 due to water shortages. Values for this variable were computed 

by dividing values of irrigated acreage listed in Table 6 in Chapter 

V by values of assessed acreage in the same table. Calculation of 

the acreage parameters is discussed in Chapter III. In addition to 

Salmon River and Wood River projects, Danksin, Cedar Mesa and Little 

Willow projects also had much lower irrigated acreages than recorded 

assessed acreages. However, these project acreages were not reduced 

because of water shortages, although Cedar Mesa and Little Willow 

projects did experience lower than normal water years in 1977. These 
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three projects were assessed for larger acreages than are actually 

irrigable within project boundaries. Even with the low values for the 

Danskin, Cedar Mesa and Little Willow projects (0.78, 0.81 and 0.83), 

the ratio of 1977 irrigated acreage to assessed acreage is still con­

sidered to be a fair indicator of project water availability in 1977. 

Ratios for the Salmon River and Wood River projects were 0.59 and 0.61, 

respectively. Most relationships listed in Table 30 were significant 

at the 90% confidence level, only. 

As indicated in Table 30, the ratio of irrigated to assessed 

acreage was directly related to the percent of return flow from the 

projects, although project efficiencies were apparently not related to 

shortages of water. Lower percentages of potatoes and higher percentages 

of alfalfa .were grown on water short projects than on other projects 

evaluated, resulting in a lower gross crop value in 1977. The size 

of area served per project ditchrider was smaller than average for 

water short areas. This relationship could indicate an increased degree 

of water control on water deficient projects. Projects with a low 

acreage ratio did spend a larger than average portion of personnel costs 

for water control and smaller portions for maintenance, reflecting 

a concern for good management of limited water. 

Conveyance systems of the Salmon River and Wood River projects 

are subject to high seepage losses as reflected in the statistical 

analysis by the seepage rate term. These two projects have higher 

than average system capacities, cfs/ac, and have less than average 

area served per unit of water right (Table 30). The Salmon River and 

Wood River projects also have shallow soils with average depths less 

than 35 inches, resulting in high deep percolation losses, especially 

within the Wood River District. 

128 



........ 
N 
'-0 

Table 30. Relationships between ratio of irrigated acreage to assessed acreage and system costs and 
charactistics for selected Idaho projects. 

1977 
Irrigated 
Acreage/ 
Ass-essed 
Acreage 

Directly Related 1 

Return flow, % inflow 
Irrigated acres/ditchrider 
Water right duty, ac/cfs 2 

1977 crop value, $/ac 
Potato acreage, % 
Project soil depth, inches 
Maintenance personnel costs, 

% total personnel costs 

l Inversely Related 

System capacity, cfs/ac2 

Conv. system, seepage, 
cfs/ft 2/day 

Alfalfa acreage, % 
Water control pers. costs, 

% total pers. costs 

1
Highly significant relationships at 90% confidence level 

2
Significant relationships at 99% confidence level 

3Relationship is not significant at 90% confidence level 

Unrelated 3 

Project irrigation eff. 
Project conveyance eff. 
Project application eff. 
Project evapotranspira-

tion, af/ac 
% sprinkler 
Compactness ratio 
Project power costs, $/ac 
Project 0 & M costs, $/ac 



Regression Analysis 

A major objective of this research study was to determine common 

relationships between costs of irrigation water delivery and various 

system characteristics and water usage. Mathematical equations were 

developed which relate project parameters to system cost and efficiencies. 

These equations are presented mainly to show relationships governing 

system costs, although they can be used to a limited extent to estimate 

0 & M costs for other Idaho irrigation projects. 

Selected variables were regressed into equat i on form usi ng a 

forward selection st epwise multiple linear regression procedure supported 

by the University of Idaho Computer Services as part of the SAS76 computer 

routine. The maximum R-square improvement option of the stepwise 

procedure was used to build the regression models. Seventeen observations 

were entered into the analysis for each system variable selected 

from the variable list presented in Appendix G. Two forms of regression 

equations were developed during the regression analyses. A multiple linear 

equation of the form: 

( 12) 

was used to describe project relationships, and an exponential-type 

equation used by Brockway and Reese (1973) to describe irrigation project 

0 & M costs was also applied during this analysis. This equation is 

the form: 

where: Y = the dependent variable representing 0 & M costs 

Xk = an independent variable related to Y 

bk = a coefficient computed by regression 
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k = the total number of independent variables included 
in the regression equation 

and b
0 

= the Y-intercept in equation 12. 

Equation 13 was regressed in the stepwise procedure using log transforma­

tions of all variabes. However, the multiple linear equation (12) 

was more successful in describing relationships among system costs and 

parameters and was therefore selected to model these relationships. 

Equations presented in the following text and figures have highly 

significant R-square values (a= 0.01). Standard errors of estimate 

describing the error term of each regression are presented. The standard 

error of estimate is defined as: 
A 2 1 

S 1 k = {~ (y - y) }~ 
y. · ·.. (n - k - 1) ( 14) 

where: Sy. 1 .... k = standard error of estimate of the 
populations of Y values 

y = observed value 
A 

y = calculated value 

n = number of observations 

and k = number of independent variables in the 
regression equation. 

The standard error of estimate is presented mainly to indicate the average 

deviation of costs or efficiencies calculated by equation 12 from actual 

observations. 

Total 0 & M Cost Equations 

Five equations describing total annual project 0 & M costs are 

presented in this section. These equations were regressed using project 

cost data obtained from project records for the years 1974, 1975, and 1976 

and adjusted for 1977 prices. Water use analyses were performed for the 

1977 irrigation season only. 
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As in any type ofdescriptive equation, the fewer variables included 

in the equation, the simpler and more understandable the equation. In 

describing total 0 & M costs, the most significant one-variable model 

developed by the regression analyses is the following: 

where 

and 

y = 0.75 + 1.67 xl 

Y = total annual project 0 & M costs, $/acre (1977) 

x1 =total annual personnel costs, $/acre (1977). 

Equation 15 is essentially a generalized relationship between 

project personnel costs and total project 0 & M costs. The r2 value 

( 15) 

of this equation is 0.877, indicating that 88 percent of the sum of 

squares of 0 & M costs among irrigation projects evaluated can be 

explained by regression. The standard error of estimate of equation 15 

is $1.39 per irrigated acre for the seventeen observations. 

Equation 15 was modified to improve its accuracy in estimating 0 & M 

cost with the addition of a second variable, gross crop value, shown in 

the following equation: 

y = -0.14 + 1.59X1 + 0.20 x2 

where: y = total annual project 0 & M costs, $/acre (1977) 

xl = total annual personnel costs, $/acre (1977) 

and x2 = gross crop value, $/af of 1977 project inflow. 

The gross crop value in equation 16 is an average value of crops 

grown within each project based on estimated acreages and yields of 

each crop. Prices used are for late 1976- early 1977. This value 

was divided by the total volume of water diverteEi by the project in 

1977 resulting in a ·parameter with dimensions of $ per acre feet of 

inflow. This parameter seems to function as a fairly good indicator 

of system 0 & M costs, as high 0 &_M assessmerts would induce farm 
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Y = -0.14 + I. 59 X 1 + 0.20X2 
Y = 0 a M Costs, 1/a 
X 1 = Total Personnel Costs, 1/a 
X2 = Gross Crop Value, S/af Inflow 

r2 = 0.947 
Std Error of Est. = 10.94/a 
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OBSERVED 0 8 M COSTS (S/~RRIGATED ACRE) 

Figure 4. Comparison of observed 0 & M costs and l) & t-1 c9st~ ca!cu-lateq using -a two-variable regression 
mode 1 and person riel co_~_ts for s-eventeen Idaho 1 rr1 gat1 on proJects· 



operators to grow high valued crops to offset project operating costs. 

Likewise, cultivation of some high-value crops such as potatoes may 

place greater demands on project conveyance systems for more frequent 

and controlled water delivery, necessitating higher 0 & M costs. The 

r2 of equation 16 is improved over equation 15, with a value equal to 

0.947. The standard error of estimate of equation 16 is $0.94 per 

irrigated acre. Figure 4 shows calculated vs observed 0 & M costs 

per irrigated acre using data from the seventeen irrigation projects 

and equation 16. 

It is not usually advantageous to use costs to estimate costs, 

as is done in equations 15 and 16. Equation 17 shows the results of a 

two-variable regression model in which all components of 0 & M costs 

were eliminated from the regression ana~ysis. This equation has the 

following form: 

v = o.55 + l66o1x1 + o.o58 x2 

where: Y = total annual project 0 & M costs, $/acre (1977) 

x1 = total personnel requirement, my/acre 

(17) 

and x2 = percent of system which is lined channel or pipe. 

This equation relates 0 & M costs per irrigated acre to the total 

annual personnel requirement of the delivery organization per irrigated 

acre. According to equation 17, personnel requirements of projects 

comprise significant portions of the total 0 & M costs. Variable x2, 

representing the percent of the project conveyance system which is lined 

channel or pipe, indicates higher 0 & M costs on projects with higher 

capital investments in the conveyance system. In reality, systems 

with large percentages of lined channel or pipe should require less system 

maintenance than unlined channel, provided the degree of water control is 

unchanged. However, for projects evaluated, the relative amount of 
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linedchannel and pipe in the system serves more as an indicator of the 

degree or integrity of system maintenance and water control practiced. 

In equation 17, the percent of lined channe·l and pipe is calculated over 

the entire conveyance system, including project-operated laterals. 

The r2 value of equation 17 equals 0.895 and the standard error of 

estimate is $1.33 per irrigated acre. 0 & M costs calculated with equation 

17 have been plotted against observed 0 & M costs and are presented in 

Figure 5. 

An attempt was made to develop equations to estimate 0 & M costs 

using parameters which can be readily determined or estimated. By 

eliminating various cost parameters and parameters describing personnel 

requirements from the regression analysis, other parameters were included 

in the regression models. These parameters, however, are not as proficient 

in describing 0 & M costs, necessitating the inclusion of more than 

two variables in the regression models to enable reasonable estimates 

to be made. Data is generally available for equation 18, a four variable 

model. The equation is: 

where: 

Y = 3.83 + 5.07X1 + 0.13X2 - 0.012X3 + 2.36X4 
Y = total annual project 0 & M costs, $/acre (1977) 

x1 = l if Federal origin; 0 if private origin 

x2 = project irrigation efficiency, % 

x3 = irrigated acres per mile of total system 

and x4 = project pump horsepower per acre. 

( 18) 

Irrigation projects were designated as being of Federal origin if, at 

sometime in the project's history, sign·ificant assistance was given to 

water users by the Federal government, usually through the U.S. Bureau of 

Reclamation, to renovate or finish construction of the conveyance system. 

These projects normally supply detailed annual crop distribution and water 
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use reports to the Bureau of Reclamation. Five projects, Burley, A & B, 

Salmon River, King Hill and the South Board of Control were considered 

to be of Federal origin in this stud~ According to equation 18, these 

projects have higher 0 & M costs, other variables held constant. These 

higher costs may be due to a higher degree of water control practiced 

in these projects, more rigorous maintenance schedules, or because of 

more difficult terrain. Three of the five Federal projects, Burley, 

A & B and SBOC pump large amounts of project water and therefore incur 

added pump 0 & M costs. 

The seasonal project irrigation efficiency term in equation 18 can 

be estimated or calculated using probable crop distributions, climatic 

data and total project diversions. This term is defined as the total 

project irrigation requirement/total project diversions times 100 and 

is discussed in detail in Chapter III. The inclusion of the efficiency 

variable in equation 18 indicates that the more efficient projects 

(i.e., those diverting lower volumes of water per irrigated acre) 

have greater water control and system maintenance costs. Variable 

x3 in equation 18, irrigated acres per system mile, can be readily 

computed if actual irrigated areas and lengths of project conveyance 

systems are known. In Idaho, irrigated areas of projects have been measured 

and recorded by the Idaho Department of Water Resources (IDWR, 1978). 

Again, the total system length portion of x3 includes all main canals 

and laterals operated or owned by the water delivery organization. 

Inclusion of variable x3 in the regression model is logical in the 

sense that the greater the acreage served per system mile is, the lower 

the per acre 0 & M costs should be. 

Project pump horsepower, variable x4, is the cummulative power 

rating of all project operated pumps, including groundwater and relift 
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pumps. On-farm pumps operated by individual water users were not included. 

Variable x4 reflects higher total 0 & M costs due to pump operation and 

maintenance costs and possibly increased water control and conveyance 

system maintenance costs to control conveyance losses of pumped water. 

The r2 value of equation 18 is 0.860, indicating a reasonably good 

fit of data. The standard error of estimate for this equation is $1.66 per 

irrigated acre. Figure 6 is a plot of calculated vs. observed values 

of 0 & M costs using equation 18. The considerably underestimated point 

on this figure represents 0 & M costs for Milner Low Lift Irrigation 

District. Actual costs for Milner were higher than costs estimated 

by equation 18, due in part by the low project irrigation efficiency of 

this project which pumps all of its diversion and in part by high 0 & M 

costs for a non-Federal project. However, this project has received 

limited Federal assistance in the past and does purchase BPA power. 

A five-variable model is presented in this section which estimates 

total 0 & M costs per irrigated acre using parameters which can be readily 

obtained or estimated. This model developed by the regression analysis 

is 

Y = 6.25 - 0.032X1 + 0.029X2 + 4.45X3 + 3.30X4 + 0.022X5 

where Y = total annual project 0 & M costs, $/acre (1977) 

x1 = irrigated acres per mile of total system 

x2 = irrigated acres per acre of wetted canal area 

x3 = 1 if Federal origin; 0 if private origin 

x4 = terrain code, 0 = 0-3% slope; 1= 3-10% slope 

and x5 = percentage of system turnouts measured. 

(19) 

As in equation 18, the magnitude of the ratio of irrigated acres per mile 

of total system signifies a negative effect on total 0 & M costs per 
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Figure 6. Comparison of observed 0 & M costs and 0 & M costs calculated using a four-variable 
regression model for seventeen Idaho irrigation projects. 



irrigated acre. Variable x2, irrigated acres per acre of wetted canal 

area can be indicative of an efficient conveyance System design, with 

more service area irrigated per acre of canal wetted area. However, the 

positive coefficient of x2 indicates that 0 & M costs are greater for 

more efficiently designed systems, all other variables held constant. 

This may be due to the use of more pipe in these systems, decreases 

in canal wetted area, or may be a reflection of a higher degree of water 

control and system maintenance practiced on these projects. Use of 

variable x2 in equation 19 necessitates measurement of the wetted area 

of all main canals and laterals. Wetted areas may be calculated using 

field measurements or measurements from aerial photographs as discussed 

in Chapter III. 

The terrain code parameter, x4, in equation 19 describes general 

slopes of project farms. This term is 0 for land slopes between 0 and 

3 percent and equals 1 for slopes between 3 and 10 percent. Projects 

with mixed and varying slopes may have a code with a value between 0 

and 1, depending on the proportion of each slope class in the project. 

This variable indicates greater 0 & M costs for projects with more 

sloping terrain, assuming all other variables in equation 19 are held 

constant. 

The fifth parameter included in equation 19 is an indicator of the 

degree of water control practiced, so far as the measurement of farm 

deliveries is concerned. Parameter x5 is based on the percentage of 

actual measuring devices placed on farm turnouts and measured by project 

personnel. No means of measuring high pressure farm deliveries exist on 

the Bell Rapids and Osgood projects; therefore x5 was set equal to 0 

for these projects. 

The r2 value of equation 19 is equal to 0.937, indicating that 94 
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percent of the total variation in 0 & M costs among the seventeen 

projects evaluated was explained using the five variables in equation 19. 

The standard error of estimate of this regression model in $1. 16/irrigated 

acre. Calculated vs. observed values of 0 & M costs using equation 19 

are plotted in Figure 7. This equation functioned well in describing 

0 & M costs per acre for projects evaluated, although five variables were 

required in the regression model . 

Total System Cost Equation 

Total system costs include 0 & M costs, reservoir operation and 

maintenance costs and costs for electrical power consumed by project 

operated pumps. An equation developed during the regression analysis 

to estimated total system costs is of the form: 

Y = 0.98 + 20.3X1 + 0.155X2 + 12230X3 

where: y = total project system costs, $/acre 

xl = project pump horse power per acre 

x2 = percent of system which is line channel or pipe 

and x4 = total personnel requirement, my/acre. 

Equation 20 is presented mainly to indicate which system parameters 

(20) 

have the greatest potential describing total system costs for the project 

evaluated. Because costs for power comprise a major share of total 

system costs for several projects especially Osgood and Bell Rapids, 

total system costs for these projects are much greater than for projects 

in which no power is used to pump water. The large variation in total 

system costs of projects is shown by Figure 8 where calculated vs. 

observed values of total system costs per irrigated acre are plotted. 

Equation 20 produced a high r2 value (0.991), due mainly to the large 

mean square in the regression analysis. The standard error of estimate 
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of this equation is $1.51 per irrigated acre. All variables in equation 

20 have been discussed in the 0 & M cost equation section of this chapter. 

The equation presented here may be used to estimate total system 

costs of irrigation projects, although a more accurate method would be 

to estimate power costs according to seasonal water use, pumping lifts 

and price schedules, and to add this value to an 0 & M costs estimate 

calculated using equations 16, 17, 18, or 19. Reservoir costs would also 

be best estimated on an individual project basis and added to the sum 

of 0 & M and power costs. 

Equations Describing Project Efficiencies 

Equation 21 is the regression model selected to describe project 

seasonal irrigation efficiencies in terms of physical system parameters 

and is included in this chapter to indicate apparent effects these variables 

have upon project water use. This equation is: 

where: 

Y = 17.8- 5.07X1 - 240X2 + 8.59X3 + 706X4 + 0.078X5 (21) 

Y = seasonal project irrigation efficiency, % 

xl = system turnouts/system mile 

x2 = maximum system capacity, cfs/acre 

x3 = soil type code 

x
4 

system turnouts/irrigated acre 

and x5 = number of project-operated pumps. 

Equation 21, with an r2 of 0.923, does estimate well the irrigation 

efficiencies of projects evaluated, although five variables are required. 

This equation does include somewhat of a contradiction, however, in that 

variables representing system turnouts per system mile and turnouts 

per irrigated acre have coefficients of opposite sign. According to these 

coefficiGnts, the seasonal irri gation efficiency is higher on projects 
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with few turnouts along each mile of conveyance system but with many 

turnouts in total. This phenomenon would seem to relate higher efficiencies 

with projects with long, extensive channel or pipe systems. 

Variable x2 in equation 21 indicates that projects with high diversion 

capacities in relation to irrigated areas of the projects use these 

large capacities to divert large amounts of water per acre, resulting in 

lower project irrigation efficiencies. Variable x3, a code describing 

soil texture, estimates higher efficiencies for projects with fine textured 

soils. The codes used in the regression analyses were: 1 - sand, 2 - sandy 

loam, 3 - loam, and 4 - silt loam. The fifth variable x5 indicates 

higher efficiencies for projects which operate large numbers of pumps, 

thereby biasing higher efficiencies toward large projects which pump 

significant volumes of water. Calculated vs. observed values of project 

irrigation efficiencies are shown in Figure 9 for equation 21. The standard 

error of estimate for this equation is 4.6 percent. 

An equation describing conveyance efficiencies of projects studied was 

regressed as: 

Y = -626 + 0.355X1 + 8.03X2 - 0.0173X3 (22) 

where: y = seasonal project conveyance efficiency, % 

xl = average water right data, years 

x2 = soil type code 

and x3 = irrigable elevation difference, feet. 

The negative y - intercept of this equation, -626, is due to large 

positive values of variable x1, the average water right date. This date 

is a weighted average value calculated according to dates of all water 

flow rights held by the water delivery organization or individual water 

users. For instance, the average water right date of the Enterprise 

District has the value 1910.54, meaning July 15, 1910. According to 
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the coefficient of x1 in equation 22, irrigation projects with later water 

rights are more apt to have higher conveyance efficiencies, possibly due to 

more efficiently designed distribution systems, lower seepage rates, or in­

creased degrees of water control necessitated by pumping of water or smaller 

total flow rights. As in equation 21, a fine-textured soil is conducive of 

high conveyance efficiencies. Variable x3 in the model, elevation difference 

in feet, is the vertical distance between the highest and lowest irrigable 

elevations within project boundaries. This variable would seem to indicate 

lower conveyance efficiencies for projects with large variations in eleva-

tion along the water distribution system attributed by steep terrain or 

large project size. As shown by Figure 10, equation 22 does not accurately 

estimate conveyance efficiencies of all projects. The r2 value of this model 

is 0.750 and the standard error of estimate equals 6.9 percent. 

Seasonal application efficiencies of irrigation projects were related to 

system parameters by equation 23 of the form: 

Y = 27.7- 553X1 + 0.745X2 + 0.186X3 + 6.03X4 
where: Y = seasonal project application efficiency, % 

x1 = maximum system capacity, cfs/acre 

x2 = percent of project planted to alfalfa 

x3 = percent of farm deliveries at high pressure 

and x4 = soil type code. 

(23) 

As with project irrigation efficiencies, project application efficiencies 

were lower for projects with high diversion capacities per irrigated acre. 

Farms within these projects were apparently supplied with volumes of water 

larger than required. Equation 23 indicates that fine-texture soils are 

conducive to high application efficiencies, due to greater water holding 

capacities of these soils or lower infiltration rates. Variable x2, the 

percentage of alfalfa grown on project farms, indicates more efficient 
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use of on-farm water when more alfalfa was grown. This relationship is 

most probably due to relatively deep root zones of alfalfa crops which 

help to reduce deep percolation losses, and high seasonal irrigation re-

quirements of thi~ cru~ taUs~~ tJy tl l Ortlj urowing 5Cn 50n nnrl hi~h f:.WnpO ·· 

transpiration rates. 

Projects with high-pressure deliveries to farms had higher application 

efficiencies, as indicated by variable x3. However, the two high-pressure 

projects studied, Osgood and Bell Rapids, had lower than average acreages of 

alfalfa, thereby partially counteracting higher efficiencies predicted by 

variable x3. The r2 value of equation 23 is 0.866, and the standard error 

of estimate of this equation is 6.2 percent. Calculated vs. observed values 

of application efficiency are shown in Figure 11. There is noticeable scat-

ter among points between 40 and 60 percent efficiencies. 

Equations Describing System Water Losses 

Relationships were developed to estimate water losses from projects 

as percentages of water diverted. Of these losses, only return flow 

was adequately described in linear form. The resulting regression equation 

is expressed as: 

where: 

Y = 0. l82X1 - 0.157X2 - 0.0037X
3 

+ 5.35X
4 

Y = seasonal project return flow, % diversions 

x1 = system turnouts per ditchrider 

x2 = system turnouts measured, % 

X3 = total water rights, cfs 

and x4 = project compactness ratio 

The Y - intercept of this equation is zero. According to equation 24, 

the percent of diverted water leaving project boundaries as surface 

return flow is greater from projects in which large numbers of turnouts 

are serviced by each ditchrider. This relationship would indicate that 

(24) 



80 

70 

*60 
'-"' 

>-u 
~50 -u 
LL 
LL 
w 40 I--' 

2 U1 

0 0 

-
~ 
~ 30 
...J 
Q.. 
Q.. 
<[ 

c 20 w 
~ 
...J 
::::> 
u 
...J 
c:t 
u 

Figure ll . 

I 

CALCULATED VS. OBSERVED 
Project Application Efficiency 

• • • 

• 
/. 
• 

• 

Y = 27.7 - 553XI + 0.745X2 + O.I86X3 

./ • 

+ 6.03X4 
Y = Project Application Efficiency, % 
X 1 = Maximum System Capacity, cfs/a 
X2 = % of Project Planted to Alfalfa 
X3 = % of Farm Deliveries at High 

Pressure 
X4 = Soil Type Code 

r2 + 0.866 
Std. Error of Est.= 6.2% 

10 20 30 40 50 60 70 80 
OBSERVED APPLICATION EFFICIENCY {%) 

Comparison of observed project application efficiencies and project application efficiencies 
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the degree of water control attainable in any particular project decreases 

as the area covered per ditchrider is increased. Variable x2 indicates that 

projects in which a majority of turnouts are measured have lower levels of 

return flows. This phenonmenon would result if the measurement of system 

turnouts provided ditchriders with information on necessary diversions 

required to fulfill farm needs. Also, projects with marginal water 

supplies are more likely to measure all farm deliveries and are likely 

to place greater emphasis on limiting operation spil l s from project 

conveyance systems. Measurement of turnouts would also likely result in 

a daily check on turnout settings and adjustment by ditchriders, thereby 

reducing the chance of uncontrolled runoff from farm systems. 

Variable x3, the total project water right in cubic feet per second, 

is the cummulative value of all individual rights by the water delivery 

organization or individual water users. The coefficient of this term 

suggests that projects with legal rights to divert large volumes of surface 

water may have lower percentages of diversions leaving the project as 

return flow. Variable x3 adds a bias toward the larger projects evaluated, 

most of which has relatively low percentages of return flow. The coefficient 

variable x4 indicates the compactness of a project influences return flow, 

with projects with elongated or discontinuous service areas having larger 

return flow volumes relative to diversions. A small compactness ratic 

indicates a more compact project. This ratio, defined in Chapter III, 

ranged from 1.54 for Wood River Irrigation District to 4.17 for King Hill 

Irrigation District. 

A plot of calculated vs. observed percentages of return flow is 

shown in Figure 12. Large amounts of scatter exist among the data points, 

resulting in a r 2 value of only 0.854 and a standard error of estimate 

equal to 5.2 percent. 
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Discussion of Regression Results 

Equations presented in this chapter we~e developed using a maximum 

r-square stepwise regression technique . This process entered into each 

regression model those variables which contributed most to reducing error 

or differences between calculated and observed data points. Those equations 

presented are not designed to estimate improvements in costs or operating 

efficiencies of specific project systems due to changes in a specific 

parameter or system component, such as decreasing the number of turnouts 

served by each ditchrider. Rather, these equations were developed to 

identify relationships between various system parameters and to· be used 

for estimation of 0 & M costs of individual projects relative to other 

Idaho projects, based on the variables included in each regression equation. 

Equations 21, 22 and 23 present relatiortships between system 

efficiencies and system parameters determined through regression analyses. 

These equations should be used with caution for prediction of project 

efficiencies due to large variabilities in numerous parameters which 

affect system water use efficiencies, but are not included in these regression 

models. Efficiencies, in most cases, are better estimated using actual 

water diversions, evapotranspiration, rainfall, system losses, soil types, 

crop types, application system types, land slopes, conveyance materials, 

and degree of system and farm management. A methodology for obtaining 

accurate estimates of these efficiencies is presented in Chapter III 

of this report. 

No regression equation presented in this chapter will accurately 

estimate 0 & M costs or water use efficiencies of irrigation projects 

not included in this particular study. Irrigation projects throughout 

the state of Idaho, and the western United States as a whole, comprise 

a wide spectrum of various project, ·system and management characteristics, 
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thereby presenting much difficulty in development of models or equations 

which can estimate ~ast or future 0 & M costs or water use efficiencies. 

However, projects included in this research study are quite diverse in 

physical characteristics and management procedures, and regression co­

efficients were sufficiently high, so that equations presented are felt 

to be of value for potential use in estimating general 0 & M costs for 

projects in Idaho and possibly t he Pacific Northwest. 
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APPENDIX A 
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LOCATION MAPS OF COOPERATING IRRIGATION PROJECTS 
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APPENDIX B 

0 & M COSTS AND PHYSICAL CHARACTERISTICS 
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l:-ersonnel Labor f~eauirements m~f'ycur s Jt ;y / rn i % tc.t.J1 

l~ur:ini~tr u tivc Labor 0. 15 U.000025 0. 010000 l fJ 
\.'a t e r Cbntro1 Labor 0.42 0.0000 70 0.028000 4S 
~ -a wtcnunC(; L.Jt:or 0.28 0.000047 O.lH86t.i 7 33 
~otal erOJ e:ct Laber U. 85 ll . 000142 0.056(;(,7 100 

/wcra~ ~r ::::onnel Cost (total $/total n:y) $ 101 98 I year 
====================~==================================~:============= 

===~ ===============:======~=========================================== 
. :·:I SCCLLAl ·: fOuS 

======================:=============================================== 
t\d j uste<..o 1 '3 77 Cbs t s $ $/<Jere $ /ni %0%1'' 

======:=============================================================== 
t :<Jintcnuncc ~·later ials .Purchase-(; 
L-r o ject vehicle &· f:truip Depree. 
i1irec Vebicle & f.auip Dc-fJrec. 
'1btal Vehicle E· D:luip Depree. 

364 7 
0 

3330 
3339 

o. (.1 
0.00 
() . 56 
0 . 56 

243. 13 
0.00 

222. (;(J 

222. 6P 

16 
0 

15 
15 

======================================:====================== 

H77 Power C..bnsumption 0 kwh G J<:..,l:/a 0 k\ih/rr·i 
1 '.3 77 t-r oject FbvJer costs ~ G fl . OOOO $/k\..;h 
] 977 Crop Va lue $ 1646000 276 ~/a 
J. IJ 77 CroiJ value 82 $/of 143 S/af of L'1 
====:=============~===~======================= ======================== 
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1977 

********************************************************************** 
* * 
* ~/\Fl~ & LEviSVILLf. ll <H f\J\'l'IO~J CD. HC . * 

* 
********************** ************************************************ 

Irriguted Acres 8:i00 ;·.Jonfeder ul Or iq in 
19 77 l\ssessed feres fl?OO Curliest Flow Ri gh t 6 -]-]883 
'ib t ol syste1;1 Length (miles) 35. 0 i"~verage Flow Pignt 6-10-18~0 

' ·r cJ cct r.er ir.!cter (n·iles ) 25 TDt.Jl water Flow Pight 433 cfs 
Pr oJec t Coitl i; .J ctness Rotio l. 93 l·• c? ter Right Luty :20 ulcfs 
lr r icp t ea rcr c:::; I System .J.V'ile 24 3 usu Lle Feser voir St ura9e 152:10 
1·;a t c r user s > 20 acres 150 usable Reservoir s torage 1. 79 

1 9 77 P.hW ECI vA'l'Ef: USF. AF 1\f fo %WFW\ ' 
=:~========:===~============:==~~===================== 

~.:' .Jtcr Diverted to Project HJ594 7 ]2.46 J l 'O 
~~epr:1ge Losses 9 759 1.1 5 9 
l{R.r a tional LOsses 43257 5.09 41 
Fu rr.1 Deli vc:r ies :'2930 G.2J sc 
U:f~.:ctive Pr cci pi ta tion 3650 0 . 4 3 3 
l"c. n a runoff in Return Flew 0 o.oo 0 
Leep Percolation 39747 4. 68 Jti 
rv tlpotr ansp ira tion 17378 2.(!4 16 
lrrigu.ticn Eequiren,ent 13183 l. SS 12 
t'f OJCct rc tur n Flow 43257 ~) . 09 4] 
1077 nescrvoir Storuoc 5:i0 0 u. (,:, 5 

1977 Project Conveya nce Lfficicr.c...y 50 t. 
1077 Project 1\policu tion Lff iciency 2) % 
l'::J77 Project Irrigation Efficiency J2 % 
====================================================== 

============================================ 

~~ ========================================== 

ili j.le!:: t Irri,piJlc l:l e vation 4H37 ft 
Lo\ ,C!:: t Jr riqable r;levation 47n5 ft 
d c vut i vr; Lii£fere ncc 72 £t 
J l cvu tion Ciff. I Systelll ~· ·il e 2. (J6 ftiJ , i 
Llcvat i or, Difference I l\crc 0. 008 ftl<:~ 
.\ V C [" DOC rand Slnoc l OOi ( 0- J!f,) o;:, ( }-lO't ) 

1 b L ·1 1 ~,ys b .:-l Lc no tJ 1 

u;;--:n ci 10 nnc l 
linen cil <:•nr.c l 
1'-'i r:.;c 

l CG . G 
o. 0 ~ 
o. (J {, 

t' fill CCf 3EHVICf' AFI:tl 

/Wc r acjE' f arn1 s ize 
o:;oil--Silnu•; tror., 
•1\veruge S)il cepth 
Ave ~ .'oil I:o i s t l.K:>luiny Ca}J 
Gravity Irriqz,ted Lund 
Sprinkler Irrigated Lund 
!\ssesseo f_,c)r>J IrrigatE:c:l (1977 ) 

r ive r or c·.:m.Jl 1 CC. 0 ~. 

C r ou1ldwo tc r 
( blC f 

at 
ufl·· 

57 zcres 

3G inct1es 
1. 7 in/ft 
100 

0 " 98 't 

lin~.:.J dwnnc l + p i jJC 
,~<:, rkl l ~ ·e t c'-l 1\r c:u 

~~ . 0 t ============== ==============:===~==~== = 

c .. nell ,!\ r c a I Ir r i q f\r C,J 

- cl.h i Holi ll ::)(:Cpu c~:: f:iJ t(~ 
.J x i~: , ua Diversion 2uf_: c:lcity 

1rrigatcd Pr c <J .... t t--'a x Cu[). 
!-rojccl Irrigu tion h'e1ls 
L>rojec t 'ibt cJ 1 PUmps 
· x i n:u. r. H J!TifJ t:cr ,an:.l 

,,uil l..Jc r of 8ystem 'l'llrnouts 
·t;urnouts I :1ile o f Sys t e 111 
lrrjgu t cu Acre~ I Turnout 
1C.Jsurcd Turnouts 

\ .'(} t c r uiver ted, 
\·'0 t c r lJi vcr t ed 1 

~ · <.ter LClivcrcd 

70 .x:res 
L' . C2 
0. 95 fti(1<JV 

:12 cfs 
16.6 o/cfs 

0 
0 
c hp 

153 
4.4 

5(; 

0 

Lif t ed , 
LifteCi 1 

o r 
o r 

Pressur izej 
Pressurized 

============ =================~========= 
r·Jwnber of l)i tchr i c..ier s l 
Irri']uted l\r cu 1 Ditchridcr 8500 
t-A..lmoer of Pu ter User s I D. l' . 150 
Sys tem Leng t h 1 Lr. F: . 35 miles 
Turnouts per Ditch ridn ] 53 
'fur nouts t-e.J~ ured uy u . P . 0 t 
Turnouts 01ecked Da ily 100 % 
T'.Ver age r·ilenge 1 lJ . F~ . 50 n•ildz·y 
Ll . R. :~1ileage I Sy s tem f·iile 1. 43 mpdlrr.i 
~->· ater celivery 'Iype -- Continuous 

v; ith Project Pumps 
\vith en -farm r-umps 

at l-l i gh Pressure by Pr oi ect 

0 % totul 
0 % total 
0 % total 

3prinklcr sys t e ms Pressuri zed by Proj ect 0 ~ by r'Li r ms 1 00 % 
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~****************************************** *************************** 
* * 
* 
* 

* 
* 

********************************************************************** 

====~======================================:=========================================== 

s $/ acre S/r.·ilc $/user S/af !i.sys t m. 
====~=============================================~==================================== 

1:177 0&' 1 -"· . .:,~;C' !:.iSf.!Cnt 14432 l. 70 '112 96 U.l 36 
(1) i\o;; .i rl i s tr C! ti vc Cbsts ;•462 0 • .29 70 1G L). ('2 3 lG 16 
( 2) ·, i <.:tcr Ctmtrcl Cos t s 3{.171 u.4G lll 26 0 . 037 2S -,-

L. J 

( ~) ) :aintonur.cc costs S'11 9 l. 07 2G1 61 o. 086 S'J 58 
( 4 ) .·\nnuol .tc vJer Cbs ts (1 o.oo u 0 o. 000 0 
( 5) qeservcir CJ&> Cos ts 232 0. 03 7 2 0 . U(;2 1 
===================================================================================~=== 

'l·ct<:.!l u U·l Cosls (1+2+3) 
· ... c; t<>l .Pr oj ect Co::>ts (1+2+3+4) 
l'olul Systun Co!..~ ts (1+2+3+4+5) 

15452 
15452 
15684 

l. 82 
l. 82 
l. 85 

441 
441 
448 

103 
103 
lOS 

0 .146 
0.146 
0.148 

100 99 
')9 

100 
================~====================================================================== 

==========~~==================================================~~=== === 

===============:====================================================== 
.S/ucrc $/ mile %tot ul 

====================================================================== 
.\d::! inistr cJtivc l~rsonnc.:l costs 594 O. U70 17 9 
>.'utcr ':.bntrol Personnel costs 2727 0. 321 78 4~: 

: i.Jln tc n~ncc 1:12 r sonnf:'l Costs 324 7 0.382 93 49 
'HJtal Personnel Costs 6568 0 . 773 1<.1 [\ 0 
=====================================================================~ 

~===============================~==========~===========~=======:====== 

k'rsonn.el Labor Requirements manyeau:. my/c. wy / nd %totcJl 

t\dtl"iin i s tr c:t Live Labor 0.08 u.ooooo9 o. 002286 9 
1 'a tc:r Cbntrol Labor 0.35 0 .000041 0~ UlOOCt(l 41 
!, a in tE! n<Jr:ce La tor 0.42 0.000049 0.012000 49 
'!Ut i:l l i-wJ cc..: t L<:Jwr o.es 0 . 000100 0.024286 100 

I<.VI..: ( u(ji.: ter s onncl Cost (totul $/total H·y ) t 7727 I ycJr 

====~================================================================= 

====================================================================== 
, ' ISCILLI\NEYJUS 

=======================::===================:========================= 
$/.::ere $jr. ,i 

====================================================================== 
; c.l ir:t 2ncncc :··Jutcrii.lls f'urchused 
t'r u jcc..:t Vehicle ~. Et'uip oeprcc . 
;; ircu Vehicle & Ctrui p Depree . 
'!Ot.Jl Vehicle & f1:1uip Depree. 

2385 
0 

4043 
4043 

0.28 
0.00 
0.48 
0.4 6 

68.14 
0 . (10 

115.51 
J 15 . 51 

15 
0 

26 
26 

==:===== ===========================================================:== 

l 'J17 f'ower COnsumption () kwh () kwh/u c kvvh/mi 
bTl Proj cct Po.;er Ct>sts $ 0 0 .0000 $/kwh 
1977 Crop value $ 3098000 364 $/a 
1077 Crop Value 29 $/<Jf 178 $/af of E1' 
=============================================================;======== 
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********************************************************************** 
* 
* 
* 

Ori<DOD CANAL a:>. (U&I ;~u(AR OJ.) 
* 
* 
* 

********************************************************************** 

1977 lr r i C:J.l ted rcres 
1077 ~ssossod Jeres 
·1otal !-#Stem Length (miles) 
I:Jroject Fer imeter (1:-~ilcs) 

t'roj cc t C'ornJ:>actness .rn tio 
lrrii"Jiltcd teres 1 SystE:rr ~·Jil e 
\:.:.ter users > 20 c:crcs 

6220 
6220 
30.0 

18 
1. 57 

207 
17 

i-/Onfedcral uriC)in 
fu rliest r~ow Ri gh t 
J.lveraCJ2 Flow Right 
Total ~''ater Flow Riqht 
i 'Jter Right cuty 

6 -1;_1885 
8-10-1893 

Usa.ole Reservoir Storage 
Usatle R:ser OClir Stor uge 

232 cfs 
27 ajcis 

21230 at 
3.41 af/o 

=========================:=====~====================== 

B 77 P ffiJ ECl' ~tATEH USC t'\F' Af /A %I t-JFLmi 
=====~:;============================================== 

\•i uter Diver ted to Project 16946 2. 72 H:O 
r:eer..<:~gc Losses 19e4 0 . 32 12 
upcrational r~sses 1503 o. 24 9 
t 'arm Deliveries ] 3450 2.16 79 
ff fective .Prcci pita tion 2522 0.41 15 
fu rm runoff in Feturn Flow 0 o.ou 0 
L..Ccp ~:-ercolation 4487 o. 72 2(; 
EXTu. pctr a nspir at ion 11207 l.flO 66 
ur ioation Hequire1r.ent 8971 1 • .:14 53 
t·ro]ect Petur n Flow 1503 0 . 2t! C) 

1977 Heservoir storage 31807 5.11 18 C 
=====~==============~=========~~====================== 

1'::;77 Project Cbnveyance efficiency 79 % 
1977 Project Application .Efficiency G7 % 
19 77 l:'rojcct IrriC)a tion Efficiency 53 % 

====================================================== 

=====================================~====== 
'JO!!OGRAPHY 

==========~================================= 

I i iCJILC s t rr r i qu Dle r:l eva tion 
Lo~cs t Irriqablc elevation 

4820 ft 
474(; ft 

Ucvu tion Cifference:- BG ft 
Flt'Vut ion Oiff. 1 Systein '-·ti.le 2. G7 ft/mi 
Llevution Difference I Acre 0. 013 ft/c: 
t>veraCJ2 Land f.J.opc 100¥. (0-3%) 0% ( 3-10%) 

CUI' JV CY Ai:~CE SYS'I'E~~ 

============================::=========== 
· uLu l ~:ys tc: .: Ler>;;tr, 

.Jt,..>e n c11a nnel 
l1ncc..i ct1unnel 
Uif..-C 
linec coonncl + pipe 

~c:lnul l,·e ltL:c 1\re.:l 
Conal Are2. 1 I r rig f\.rca 

'CX i.UU:l Sc;e r::&c.~· J\.:1 t c 
''Zlxii;1 Lllll ci ver sivn capacity 
1r r i <)J t eo /\rea .:: t i n x CD p. 
Pr oject Irris.a tion \'ells 
t' rcjcct 'Iotul t'urnps 
• .1 ;~ i rr,u~. f.UJ:,~ t:.e11 .an:.1 
Nunbcr of System 'l'urnouts 
l'urnouts I :-. :ile of ~stem 
lr r i gu. ted 1\crcs I 'l'urnout 
;' ~eus t.;rea 'l\lrnouts 

\.later Diverted , 
\·. otcr uiver ted, 

Ju . 0 r. ,iles 
24. (1 % 

u. o % 
76. () ~' 
7fl . (! % 

20 a:::::res 
0.32 't 
0. 95 ft/c~ov 

105 cfs 
5~J. 2 "/cf s 

2 
30 

3625 119 
13 

0.4 
478 

0 

Lifted, or 
LiftcC:i , or 

Pressur izeo 
Pressurized 

Pr:<.lJ FCJ · ; crvrcr : PRE.I\ 

Aver <1~ f'un r. Size 
soil-.::-sil t Loam 
.rwer uqe soil t~oth 
Ave sOil t:bist lblaing Cap 
c r a vity Irrigated Land 
Sprinkler IrrigateG Land 
Assesscu Luna Irrigated ( 1977) 

PAT f,J ~ S0J fCJ.: 

Fiver or ("aml 
Groundwater 
Otller 

91.3 'i. 
r. . 7 'i 
o. 0 1\ 

360 acres 

4!1 i ndlcs 
2. 7 in/ft 

0 '1, 

100 % 
100 % 

===========~===============:=======~==~ 

PATH· CON'J'PUt 
===============================:======= 
IJuraber of Gi tchr i der s 2 
IrriCJu.ted l\rcu. I Ditd1riaer JllO 
~J umber of 1·;ater users 1 D.R. 9 
System Lcn<]tl1 I D.P. . 15 miles 
Turncuts PEr iji lcilr i dcr 7 
1urnvuts ~casured by D. P. . 0 '-/, 
'Turnouts cneckeo La ily l GG t 
Aver~HJe ~-ilea<JC I O.H. 25 rr ijday 
o. n. ~ ~ ileasc I System f'1ile 1. 67 n.pd/rr'i 
(~ater o=livery 'IYI.Je -- cor.tinuous 

~;ith .Roject 1-\.lffifJS 100 ~) total 
with 01-farn, 1=umps (l !6 total 

\;ilter rx: livered at fligb Pressure by Project 1 ()0 % total 
S~x i.nklcr systems H:'essur ized ty Proj ect 100 ¥, t y f'a r ms 0 % 
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********************************************************************** 
k * 

* * 
********************************************************************** 

~======~======== ~==============================================~===================~=== 

:=. = = ======= ====== ==== ~ === =================·================== = == ===== ====== = ====-:-:. ===::. == == 
· ~c. justed 1977 Co::; t~ 

,.. .,., $! ocre $/r:.ilc' S/uscr 
~=====================================================================~=~=======-===~= ~= 

1977 ()&" 1 \SSCSSI! i('nt 0 0 . ('(1 0 l) (1. 000 
( l ) .\cn:inis tr .J ti vc G:'Js t s ](;}(j 9 l. t) 3 .3D 5':18 0 . 6C:O H ll 

( ~: ) \ .: t c r runtrol Cb str.: 16S>JS 2. 72 5{-5 91)6 LJ. 9t.J~ 27 10 
( J) :.:.it.tc.nanO? c::c;3 Uj 3(; 37::: 5. 85 1 21:! 214 0 ~~ . 1 4G S7 21 
( 4 ) l\n r.ua1 fo.1cr cos t s 1G779S 17. 33 J S')J G34l G. 2G J. G3 
(~) ' ll:':O,(:[VOir 0&'·' Cb.s ts ] 064 o.] 7 J5 63 o. 063 1 
=========================~======· ======================================================= 

·tota l U&r·: Cbsts (1+2+3) 
'lb t .Jl FTcject Cbsts (1+7.+3+4) 
·Jotd Syste.1. costs (1+ 2+) +4+5) 

634 76 
171271 
17233 :~ 

10.21 
27.54 
27.71 

2ll6 
570 9 
574') 

3734 
10075 
10137 

3. 746 
10 .1 07 
10.170 

100 37 
99 

100 
======================-====:-::.=====-=============================================::.===== 

======~====~= ~====================================~=================== 

!\~•l us t ed 1:; 77 Co:; t s ~ /acre $j r .. i1e ttotul 
~~==================================================================== 
1\Cu .• i r;is lr.::ti vc I--er s(J(,n E.· 1 Ccst s U045 l.2S3 2,::;g 25 

.:~ tcr Ctmtrol Fer so nne 1 cos ts 108 77 1. 74 0 3G3 Jtl 
· 'u ii l tcr.uncc Fer swnc·l Cos ts l35G8 2 .172 4::0 42 
'lutul <'er::onnel cc~ ts 32430 5.214 J ()[H 0 
== == =======:.:= = ===::::.======== ====-========== ============= ========== ====== 

= ===~======== ======~===~==========================:====:=~============ 

1-\.r ,;;cnnel Labor f'equire:. :cnts n,ar.yc.J.r r; 

\....;r ini .s lr.Jti\IC' L<J.Dor 
.J tcr r:Dntro1 Lilbor 

: a i nLc·r..::.ncc Lubor 
·1utul r-r.o:jcc t L<:.'o.:or 

i\vc:ru '~ t-er!.>onrJl!1 Cost 

0. 33 
0 . 64 
J. L'6 
::. 0 3 

l : . COOii53 
u. OO•J103 
l • . ouu17Ci 
u. 00(1]2(! 

C. Cll UJO 
C. U21333 
0 . 035333 
o. 0(; 7607 

't totul 

lG 
J2 
52 

100 

====== ===== =-======= ===-==-==· ==-==============-=-================::..=== =-===-==== 

==:====-==============·=================== ==-=====-====================== 

;:..: == ===== === =========-::.· ===-= ===================== =========== == ::.. ========= 
~~ /acre 

====================================================================== 
:·.::; i ntenuncc .. lu tcriu1s Furchu:.;cd 
t-t' OJCCt vcilic1e f , f't:uio UcDrec. 
!l ire'-: Vcll iclc 6 ::o ui r· uc,r;rcc. 
'lot.::.l vcrJic1c r r_x"'1 ui p rx~orcc. 

198 0fj 
1525 
320() 
1!725 

3 .18 
0.25 
0 . 51 
0.76 

G60 . 2L 
50 . 83 

1 0L) . G7 
157 . ~0 

31 
2 
5 
7 

=============================================================:======== 
L:Jn l:'U>-lC[ wnsu:np tion 4207100 kwh ij7G kwh/2 1402 36 k1r1h/rri 
1:/17 l.Jt: o j cct K/...Jcr \Dsts $ 107795 o. 0256 $/k\vh 
1sn Cr o;: V<:iluc s 211GOOO 340 S/u 
1 ') 77 Cr 01:: \b lue 125 S/uf 1t10 t./af C;[ C'J' 
========================================================~============= 
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********************************************************* ************* 
* 

* 
* 
* 

********************************************************************** 

F n lr ric:u t cJ t~re::: 
1'" 77 ,\s:3C's~;e:d f\Crcs 
iutul ~vstc t1, Lcngtb (miles ) 
Hu:Jcct l~rLt•c tcr (n.iles) 
!:'r ujcct CaWJ<::ctncss ratio 
lr r i<U Lcci Teres 1 '"lvstc.n t' il c 
i·· ,~· l'.:: r uscn~ > 20 acres 

356Ll0 
35600 
150.0 

73 
2. 51 

2J7 
540 

r.unfedcr ul u riq in 
L:arliest flew Pi')lJt 
l\vcr uC]e Flow P.iqht 
'Ibtul Vutcr flow I~ignt 
r.· .:;ter Pight DJty 

8-13-188tl 
2-15-Hl L\9 

10 00 
36 

94941 

cf!:: 
<:Jicfs 
iJL ll!nble rcserroir Storosc 

·J::-0 Lle J:£ser wir Storage 2. 67 <:>flo 

==============================================~======= 

bTl FH.JJ CCI' ~·7\'l'EH USt:: l\f /\f-' 1'\ %I ~ JFIJJI' 
~============~=================== = ==================== 

\1utcr Diverted to Project 3l42~l7 8 .83 lOC 
:.ccpuqt' l,C)~>SC~ f()P. 76 1. 71 E• 
ever iJ t iona l LO!.:i~C~~ 1\3231 2. 34 2G 
tu r ~< ' L'e l ivcr ic s J -;(I J. ')0 4. 78 54 
l ifcctive t>r cci oi t <.! Lion ]3'371 O.J9 4 
l .. urrn runoif in r;eturn fo'1CJ.r' lJ ,) 03 0.13 1 
!£C'[) K' r cc1.J t ion ]] 1586 3.13 3G 
LVu fXJ tr uns.,;i.r c:: ticn •j/)f- 30 l.:JJ 2'' .. 
Irriqution f<t'quirc r.lent 54001 1. 52 17 
i>rcJjccl I~ turn Flm ... 8 7833 2.47 28 
l'J77 r.c~:crvoir ::; tor <Jgc 25113 2.39 27 
=========~=:=====================~==================== 

J 977 tJrcjcct Cbnvcyunce rtf icicnc.y 54 .f: 
1 1)77 Prv:i ec.:t A!Jplicu tion f.ff ic icnc::y 32 % 
1977 r~roject Irr.icwtioP. Efficicm~y 17 ~ 

====================================================== 

===================~===~==================== 

======~=====~====~========================== 

' li · 'I 't.'~ l l rrinu ulc rlev<J.tjon 478G ft 
...... uv...'s t Jrri•; <.1ulc f:lcv.Jtion 4 Sd:. ft 
__ lC;v.Jt i on Lifferc r:cc. 1S5 ft 
· . .l cv<~ tiu~: J)iff. I Sy~> teJ;; !"i1c 1.30 ftln ·i 
t.Lcvc. tic;·' uiftcrcncc I Pcre U. f'OS ftla 
' 'Vd ~' r :c L.:md U OI ) C" 1 00~ ( 0-J !t ) Oi' ( 3-lO 't ) 

= ====.=====~=:.:.====== ==-= =======-========== 

P:1 L.cJ) :~ ;y:::; t c:n L.c n(: tl; 
'~ t -L· r , Cilc:r,r: .::- l 
J i ne...1 c.:hannc l 
;..; i}.:.C 
lined d1anncl + Pipe 

c onJl \ 'c·ttcc.: 11rc<.:. 
l 'unul /\rec: 1 Ir rig !Ire e. 

t.:..: x i nn.nr Sce p.J()(" _r:e te 
· .Jx iwJ~l uivcrsior; Copu city 
Ir r i r_;.J t cd t r ci.J l'.l t tax G.l [J . 

!J( OJC'Ct Ird ~pticn \ 'C'lls 
t· r ui cc t Tctol il! .. rrnr 's 
· .J:dr :ur.; 1:-uir::, tl2r·aril 
, .u, r Lc r o f ~;y:_; ll.-'1:· ·JUr nouts 
Jurnuuls I r•ilc 0 f ~}( s tc . r: 

lt r i· ta tvi: f,crcs / Turnout 
"c<J::, urcri 'Jurnouts 

J SU . U n·,ilcs 
ll c. () '{, 

ll.L! t\ 

u. 0 'l 

0.0 1S 
423 ,lCres 

1.19 !t 
1 • 07 f. t.lc1iJY 
1 541; cfs 
~· J .J a/ct e 

0 
0 
o nr:, 

d 0(J 
c. ") 
.J o-l 

4S 
nr: o 

==~====================:=~==~====~====== 

.rweru92 fourm Size 

.;oil---Sanci y wan; 
1\vcr uS~ soil .CCptiJ 
l\vc Soil t'bist lblc~ing Cap 
rrovity Irriquted [~r~ 
!3prinkler Irr iqotcc L.Jm 
i\Sscsseci Lund Irr i')<Jted (1 977) 

1-'i ver or Gwal 
Groun.:lwute r 
Otner 

SJ2 . (, 
: : . () '6 

i. 4 f:, 

1·.iATLr cmnroL 

t?O .Jeres 

36 inchc~ 
1. 8 ir.lft 

65 ?, 
JS '5 

JOO % 

=====================================~= 

~umber of oitchriders 4 
Irrigated Are<:. 1 u i tchr i <..Jc r f!900 
tJumber of ~a.tcr users 1 u.P. l3S 
Systerr: Ler.(")th I D.R. 38 n ile~. 
Turnouts r:-·H Dilchr i~er 2\.10 
Turnouts ~easurcc t:y D.k. JLl() ~. 
Turnouts Checked !Ia il y J 0 !! t. 
l\vcruQ? r'ileagc I u.r:. G~· 1:-ilocy 
C. P. f1.ile<J(JC I c_;y:;teJ;, t lilc J.Gf' il.f..:uld 
i; .o.ter Cel i vcr y ·J y f-0 -- continuous 

.. u lt:r ui vc:r t ed , Liftc·J , or Prcssur izcC: ·,.itrl f"[Oject F\.!11 i~•S (; V, t o t .:1l 
l 2tcr L.iver ted, Lifted , or Pressurizer i tJ) Ul-furD ~tln ! rJS lJ t tctal 

.::tcr i.,C 1 i \l'2 r cd ut Hi gn PressurC' 1::,~1 i'COJCCt 0 % totul 
: '[Jr irf·1er !)'( s tcn : ~> Pressur izecJ ty lJr0]c:cl () (, y l·u r ms 1 0C !(, 
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********************************************************************** 
* 

IL' T\£D WRI Cl\TIUtJ DL'Tf'IC'I 

* 
* 
* 

********************************************************************** 

====================================- ============~====~================~=====~~=======~= 

=====================================================~=============================~=== 

AG Justc~ 1077 ~osts 

l':J77 .-~ & r . _'\_sse s ~tr:ent 

( l) ::. .Jn: i nis tr iJ ti vc Cbst!:; 

Pl ,-, .:tc-r Control C.t>sts 
( 3) ·• o intt.:na nce cos t s 
( 4 ) 1\nnuu1 f-C\1er Cos ts 
( S) i~e::scr voir i.J&' Costs 

'lulul CH~ Co:.> l s (1+2+3) 
i'e; t o l trC]E:ct Costs (1+2+3+<1) 
'Ib l a l SysteJ~ CO~;ts (1+2+3+4+5) 

$ 

142400 
L'jJ53 
:'7022 
7348(, 

{ ) 

<1296 

129861 
129861 
134] 57 

$! cx;re $/I::ilc $/user 

4. 00 
0. 82 
o. 76 
2. OG 
0. C10 
0.12 

3. fl5 
3. 65 
3. Ti 

JtJS· 
]_ '.16 
l !W 
esu 

() 

"" ,t.. .: 

HCiri 
86G 
f}t;4 

264 
54 
50 

136 
0 
8 

240 
21J(J 
248 

u. 4:-3 
0. 093 
O. OHC. 
o. 234 
o.oc:c 
0 . Ul4 

c. 413 
o. 41J 
0 .4 27 

%()&1 ·1 

23 
21 
'57 

100 

'i: systen 

22 
20 
5') 

t) 
') 
_,) 

97 
'9 7 

lO L' 
~=~========================================================================~=~=====~=== 

====================================================================== 

=========================================-===================-============== 
!\CJ us ted 10-17 costs $ S/ 2cre $/riiile ~ tot.ol 

========================================== ============================ 
•
11 GJdnis lr uti ve Personnel costs 12625 U. J55 [i 4 16 
· .. L-: t er .bntrol K:r sonnel Costs 24J67 ll . (,[;4 _!()~· J'_l 
J al i ntcr.unce [:-(? rscnncl Cos t s 3~E.i l1 l.J l8 ' )~ r.: 

£.. \J..) j2 
'Jo t cH f-'2 r sonncl Co~;ts 7G U03 1. . 1 57 5J 2 (I 

== =.::.================= =-=== ============.-~=· '::;.==== ===-== ==== =-================ 

== ===-=:.=...-:: :..: = =-:========-======= =======::=========· ========-:~== =====-=-==:.::.======= 
lty/o •. .y /n i t. t otul 

=:==:.=============-=====-=================-===================-========-
t,cw, inis tr <:: ti v-c Lu l::or 
t .'otcr CtmtroJ L1bor 
~· uintcn.:uK.:e 
·Jotal 1·Toject 

Lul.Jor 
L.:lbo r 

f\ vcr u~ \-' lt:r scnnc l Cost 

l. 2•) 
? .t~l) 

4. 50 
2. 10 

(tct.:l $/total r.·v ) 

r : . t){)uOJll 

u. 00GliG7 
1) . OOU1 26 
l' . llU022f3 

C: . CCtt'(:OO 
C·. u16uOO 
U. UJOLll L' 
0 . 0~40(Jt) 

S4 H2 / year 

15 
JC 
56 

100 

==== ::.=. == ==== == ::.:======= =============================::.:= =-=========:::::::..==== 

===========:::===-===========================::.;;============== === ==== ==·= 
1\c: justcd 1 ~77 ':osts S :~ /.:.ere $/r. ·i t: Ol,r · 

======-=======·================================= =-= =======-= ==-========== 
' Dinten.:::r;ce r-~uter iuls l:'llrctlu~ e0 
<l' OJC:Ct vehic l e & J::tr uip L/cprec . 
,JlrcL- vcuic1e & ;)::J ui p Dcvrcc . 
·i.oc.Jl \ici1 iclc 6 Ccui p 1X?~rc.c . 

E )':42 
8CGS 

(385 
c'~:n 

o. <i 5 
u. ?:. 
u. (J~ 
() . ~~ ~) 

10 5. L] 
5 3 . ~:' 

S. :JO 
:; ';; . 0 ~·: 

12 
6 
1 
7 

~=~=~ = ====~~==========:===:==============================~=~=~======= 

un l:'C\iC [ Cor.s ur1 .1- • ti~j r1 0 k\,h 0 h ;L/<:: 0 bii! / ni 
}'; /7 f r:.__;j cc t f:-o., cr Cbst s t. u (' . 00 ()0 $/k\',{1 
L';· n e re : ~ value s 10751('00 302 $/CJ 
l ':J77 C r O(.J Vu luc 3<1 $/ <Ji 15G $/uf of L'l 
===-============-===::========================= =-.:=============== =-=::.== =-·====== 
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****************************************** **************************** 
* * 

* 
* 

D~JSKI;J DJTOJ \..)Jt l-1\[JY * 
* 

********************************************************************** 

l ') 77 l rr LJ.J t . .::, 1 ."cre::s 
l ;7 I ,,s::.;e.:;scu -"ere:; 
''Ot.::< L ~~y.:; tr.: · t LCnr;th (l,rilc:::; ) 
L· f 'J]cct l~ri;nc ter (1nilc:.s ) 
t'rJjcct C8t;Jr,octncs:.:; ~i::t tio 

l rr i '_lJted ;\;r ;.;::; I S.;s te:n ~· 'ilc 

•• 1.:1 tc r Lisee,; > 20 ceres 

47JU 
c.ur.c 
20 . 0 

1 ') 
l. 87 

237 
30 

l 'J 77 i_)[XJJE:C:C ' 11\'l'CR USE 

·,.! ...;Lc r ui ver t ed t o Project 
~efJ:J C:lC LO~ ~;cs 

vt>Cr<ltionul l.DSSC'S 

t'ur r.l l.X) li vc r ics 
lffcctivc Prcci ~itation 
t .. arm l':t.moff in !~e turn Flow 
Lccp Per colo tion 
LV .:l ;;_Jotr .:mspir CJ t i on 
.frril)ation Hcquircment 
ilfOJCCt !~turn Flow 
l'J77 !'cservoir Storogc 

J. )nfederol CT i c: in 
I ~ Ll rliest FlO\v r:i•)l1t 
,~vcr .:l(j c Flmt r i -::p t 
'liJ ti.il O.Jtcr FlOI·J r i C]h t 
·:·oter rtigrJt outy 

6 -1-lr!.EG 
S-l0- l9J.:i 

276 
17 

UsDble reservoir stor.:1~e 
~jsablc l{2servoir St oroqc 

235Ll 
0. 50 

1\F 

5)342 
7JG3 
3273 

·-13 706 
2952 

0 
37627 
13815 
lllJ79 

3273 
235·J 

12.55 
l. 56 
U. 6rJ 

10.30 
0 . 62 
o.uu 
7. ')~ 
2.)2 
2. 34 
O. G9 
0 . 50 

100 
12 

I" 
lj 

G2 
5 
0 

G3 
23 
l~ 

6 
tJ 

cfs 
olcf s 
uf 
ufla 

===============================~====================== 

1977 t' roJcct convcyoncc eff iciency 82 % 
1 ~)77 FrOJCct /\pf-·lication r::fficicr.cy 23 ~ 
lJ77 !.)roj cct Irriqa tbn Efficiency 19% 

;. i '_1ii::?S t lrrirl.JDlc 1:1eva tion 44 80 ft 
U ).,c;.:,t Irrir:tu :Jle t:leva tion 4443 ft 
Ucvu tio;1 ult terence J2 ft 
r:lcvi.1 tirx1 uiff. I ·;ystem r1ilc 1. t:iO ftln ii 
Llev.:t tion 1 >iffcrence I Acre 0. 007 ftl a 
W C't.J•JC LanJ :-;lo;)C l OOt, (0-J%) U~ (3--10%) 

========:.================-====-============== 

iut,ll ~_;y ::; b,:-1,1 LcnnU1 
or)l~ n CII<lrme l 
l incJ cl1.JI1nt.' 1 
t- · i ·~ 
1 1neJ chcmnel + oi •)c 

:'.:n,J l '. •Je tted !\r ea 
~:.mal t\rea I lrriq /\feu 
'·u:ti, ;l Uil )eeOi.lC)C !'.J te 
:u.dtliU !I Oive rsion Cu,_)ucity 
Jrri ·JcJ t cd 1\r~u ut ~- ~1x C:m . 
L·· roj()Ct Irr i cw tio:1 \Jells 
1Jr ;)j cc t 'l'.)tcJl L~waps 

id )< i n1 u.~1 Pu1n:J l.emand 
. ~LL ... .JC" r of :-;y!Jtc1:1 Turnouts 
r urnuuts 1 ~ 1il2 of system 
I rr i:)c.1ted /\cres I ·rurn::Jut 
'rcu.:;ure-J Turn~uts 

20 . 0 mile::; 
100 . 0 't 

o. 0 1. 

o. u '(, 
0. 0 1; 

4 7 acre!; 
0.99 % 
l. 04 fl/dav 

302 c[s 
15.7 .Jicf::; 

0 
0 
() hD 

22 
1.1 
215 

5 

AveroCle Furn ::l ize 
SJ il---L0c11Tl 
Avcr.Jqc Soil Leptn 
rwe soil ~ 'Ois t Ibld ing Cu!J 
Grovity Irri~ated Land 
Sprinkler Irriq.Jtcd Lund 
/-\Sse5sed Land rrrigi.lted (1977) 

Hi vcr or c:<:lml 100. 0 % 
l~rourdwc1tcr n. 0 % 
iJ tllo r 0. 0 % 

75 ocrcs 

60 incLc ~, 

2. 1 inltt 
')0 '~ 

l U 't 
7~l ~-

,J umber of uitchriuers 1 
Irrigated 1\rea I Ditchrider 473 0 
Number of vJa tcr users I o .R. eo 
System Leng tt1 I O.R. 20 lil ilcs 
'I'Ur nouts pe r Di tclir idcr 22 
Turnouts ~-'ensured by D. H. 23 % 
'Iurnouts dl~ckcd Uuily 50 '.f, 

!\veruCJe !•1ilcc1ge I I) .n. 30 nti/day 
o .R. nileage 1 System r·.-1ilc l. 50 li1pd/m i 
\later cclivcry •rype -- notution 

' /.J 'CL:r Diverted, Li ftcrJ, or Pres sur i zed ~~ ith l:'rOJeCt !?Ulii(JS 0 % total 
1 t1 tc r ui vcr ted, Lifte..:l , o r fr es sur i zed v1 ith On-furrn PUllt~S 3 % totul 
~utcr Leli vered at !ligh Press ure by Pr oject 0 % total 
:-:>pr inkler Systems Pr cssur ize;J by Project 0 % by Fa rms 100 % 
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********************************************************************** 
* * 
* 
* 
********************************************************************** 

=======================================================:=============================== 
OP EF!/\TI 0 .\l AND tfi.I [il'l'Ei,L\ ;·JCE (J)S'I'S 

======================================================================================= 
Adjustec1 1977 Costs s $/acre Simile $/user $/af %0U-1 %system 

====================================================================================~== 

1977 oc.r: Assessment 
(1) !\dmini s tri1ti·"c Cbsts 
( 2) ~·Jater control Cbsts 
( 3) ··1ainte nance Cbsts 
( 4) Annual R:>v.er Cbsts 
( S) '<eservoir 0&~1 Costs 

l'otal 0&\'1 Costs (1+2+3) 
Total Proj ect Costs (1 +2+3+4) 
'J'Ota1 Syste,n COsts (1+2+3+4+5) 

22287 
1548 
2061 
7156 

0 
99 

107G 5 
10765 
108114 

4. 71 
0.33 
0.44 
l. 51 
0.00 
0.02 

2. 28 
2. 28 
2.30 

1114 
77 

103 
358 

0 
5 

538 
538 
54 3 

279 o. 376 
19 0 .026 
26 0.035 
89 0.121 

0 o. 000 
l o. 002 

135 0.181 
135 0.181 
136 O.Hs3 

14 
19 
66 

100 

14 
19 
G6 

0 
1 

")9 
9':;) 

lOU 
======================================================================================= 

.2EPSUlli~EL Il~FOF: H'l'IJtJ 

AdJ usted 1977 Costs $ $/acre ttotul 

1\uminis tr '-tti ve R?rsonnel Costs mn 0.18G 44 12 
1·,'ater JJntrol ~rsonne1 costs 5032 l. 064 252 70 
!lainten.:~ncc Fersonnel Costs 1255 0 . 2G5 63 18 
'lbta1 J?ersonnel costs 7168 1.515 358 0 

=======· == == ================== ======= ==== ===·====================== 
.t.~r..;onnel Labor Requirewents manyears my/a my ,Ani %total 

Adm inis trutive L:lbor 0.10 0.000021 :). 005000 16 
1f.:ltcr Con t.rol C.:tbor 0 .20 0 .000042 0.010000 32 
nuin tenance Luoor 0.32 0 .000068 (). 016000 52 
1btul Pr"OJCCt L:lbor 0.62 0. 000131 o. 031000 100 

1\v c: r.:ne [~rsonnel Cost (total $/total i:ty) $ 11561 I year 

t'1ISCELI.i\NEOU S 

AllJ UStcJ 1977 Costs $ 

• 1l..l intcn.Jncc t utc;r i o3 ls Purchased 852 
.i.;r o jcct Vehicle & Equip Depree. 0 
Hired venicle & fl:jui[J Depree. 1000 
'lDtdl vehicle & B:Juip Depree. 1000 

U '/7 Powe r Cbnsumpticx1 
1977 t-'roject lbwer (bsts 
1 977 ~ron Val ue 
D77 Crop Value 

$ 
$ 

0 kvvh 
0 

893000 
15 $/af 

186 

$/ucre 

0.18 
0.00 
0.21 
0.21 

0 kwn/ a 
L) . 000t) $/l(\ib 

189 $/a 

$jr.1i 

112.60 
0.00 

50.00 
50.00 

65 $/af of E'l' 

8 
0 
9 
9 

0 kwh/mi 



**** * ******~************************* * * * *** * ************ * *** ******* *** 

* 
* 

**** * ************************************ *******~********************* 

1 .) i 7 I r r .iqu t o:J '\e r e:.; 4l4tl0 /cc:erul ·:X i q i n 
l 'J i7 \~scsscd :>ere:.; 472 04 ea rliest Flov,r Piql1 t 3-26-l 'JU J 
'J'Ut .J L :N s t c .t le ngtli {miles ) 2(> 7. 0 .\vc r uge Fl ow r. i qht 12-l 2-l 9U ~l 

t· [~_)jCCt t~r i lfte t c r {i'l iles ) Sl 'J otul \:-ater FlO~'/ f ~i ryn l ])')7 c fs 
L>l 0 lC C t Co .. ~ luCtness J)u tio 1. G2 .·:otcr r i qh t D..Jty 35 ::Ji c[ :::; 

L rr hut ~J .1\C r c~; I :,;vs t cr; , ~;ile ] ss L1s a lll e rese r voir St o r<:q e 1')714 2 af 
: ... t c r dSC ( C: > 2 (i ocr cs 5 '/U Us aLl c Ft-sc:rvo ir s t oraoe 4. 7G ufh 

========================;= ====================-======= 
ru:· / A %J teL·J~ . 

=============== ==~~ ======== ============ ==~============ 

1\ .lt c r n i ·JCrted to Pr oject 
.:i22Dul<..~ Lossc:~ 

0rx:r a Liona l lDssc s 
r\Jr:J1 t..clive r i e s 
ti ft~c: t iv·~ Pr cc i pi t o tion 
L'uC!il J'!Un":)ff i n J. \eturn flOW 

.. e cp J:-'(?rcolation 
! .• Vuf?Otr ans~ir Ci t i on 
l r r i gl:ltion He n uirc. ,J,c nt 
i-'rOJ CCt Uc turn Fl ovJ 
l J / 7 Re servo ir St o r uqe 

235 7G3 
4G J77 
143CG 

17302U 
15742 

4 7 ~~ 9 

'J0 \!]Ij 

%')44 
7()401 
1 01S4 

11: 37 00 

J . 6') 

l.lL 
0 . 35 
4. 22 
0 . 3 ~3 

0 .12 
2. 41 
2 . l ') 
l. 7U 
0 . 4 () 

3. 47 

l dO 
20 

G 
74 

' ) 

"' 
42 
-, -, 
J I 

JU 

u n f' r oj c c t ·: onvCI(dTlCC: Eff i ciency 74 t; 
l , 77 Pr oJect 1\PL::;liru tion r:ff ic ic~ncy 4(1 % 
.L'/ 17 l)r oj ~~ct Irri (lu tion ! ~f ficio ncy 30 'b 

•i ilk·:.: t 1r r i rpd2 dcvrJ t i on 
:. ,:l\A'..: t Jrr i ·.~ -:J:,Lt! r·:l r: vati on 
I .1 ' V~ l Lion l ~i r: [en .. 'nc..: 

1) ] 80 [t 

4l4 l] f t 
4(J [ l 

u.l ~ fl l rrd 
O. UOl f t lu 

~ ... ..:v~1 t i0n uif f. 1 ·:; ys t e.ll ·1iJ e 
,- l. 'c iirl l:i'J:1 L:i!:fcrcn :.::c I .~e r e 
r:,·c r ,.c;~ t__,.::u·,. , ~: lo, '"' Su i ( 0- Ji:.) :;0 ·1. { 3- l Ot.) 

.• .; t~l l s ·, :o t e:.l [_c nq t h 
:::l!.JC n chrJ nne l 
1 it l<?d cna nn21 
i 1i r>e 
1 ine u c nann: l + ui ;)e 

\ ,"! ' '-' L . :c.: t t C'· I 1\ J.: '~J 

2(, 7. (J l ililc:~ 

100. 0 ¥, 
o. 0 i~ 
0. 0 '.f, 

0 . 0 :,., 

.~..:' '' ~·. L .'1 r c J I r r r i q ."~r c ~: 1. 02 1. 
.. u: i ... U~i JC2i -Cr l'-- [ ~I t ·~ U . !)r~ fLI:i .~'/ 
.. x i , ·u.n uivc r _, i ·.)·l C:.!:,J.1CiLy 132 [j c[ s 

l r r i <k'l t c. J ;,r c.J .J t ''.:_,;; ·~u . 

' ·r v j c c:t lrr i~1 cJ li 0 11 7...:~] l s 
I' L J ]CC t ' lt) t Cll 'Ud: . J ~· . 

•,·l x i :,u ,: l>u :,,J l 'l2 c ar~ l 

· :'l l:v' r n[ C:y~- t ~ ~ :1 J\Jfi lOUL-; 

' l cJt' ilOUtS I '. il~ o [ !:\J S t Ct ;J 
lcri r p t~l ·\e r e ~ I Tur no u t 
•c'.J .3urct- I·u r n ) ut:_; 

31. J .::.lcl s 
0 

l S 
lJO J 0 ho 

350 
3 . ~ 

40 
1103 

.'\vc r CJ']C F.J r ,;·, :;i zc 
So il---Wor!l 
J\ vcn (le :.>oil ~ !) th 
l\VC ':)Oi l I 'b i S t I!Ol d inq Cur> 
r ~ r a vi t y Ir r i q.J t e d LanJ 
S;... rinklor Irricra t ed Land 
:1ssc:.; se:::1 La no i rr i qatcd ( 1977) 

l;i ve r o r Ca na l 
Grourdwa t e r 
Other 

l UO . O \o 
u. o \; 
o. 0 !~ 

\ 'l\l'[ 1{ 2CH r P.OL 

75 acre:. 

4;; inclic ::; 
i nlf t 

)•) ( o 

l f. 
W\ ~-

Wt:~bcr o f oi tc~· ~ ri -Jc: r s 10 
Ir rina ted '\H~a I u i tchr i Cie r 41114 
. ~ua , te r of \'at e r us e r s I D. P . 57 
~;ys t\2 - r. I£nq t tl I o.n. 2 7 .. Iile s 

' ~urncu ts (JE! r Di tch r i dc r f·:5 
Turnout s ~'Casu r eci ~y D . H. 48 ·t 
Turno uts Ch\!cke.J I>.J ily 1 0 ~ f, 
Ave ruqe flilc.Jg:~ I u . r::. 70 1:1 i l c"':d'r' 
O . l~ . 1'ilmqc! I Sy .:; t e :n "\i l e 2J )2 ::l()d/ mi 
· iQ t:f; r L-clive r y ·ry')c -- Co!l ti nuoos 

!.:: l ·.:O r L!i vcr tr?J , Li ftc..:.i , 0 ( Pr c s sur i zc ~r ':l ith Pr OJCCt ["U!i lpS l OCi ~ t otrJl 
! \ 1 t:.-' r ..Ji ve r t c::J , Li ftcJ , u r Pr e ssur i z~ , i ',j i ttl U1- f i:!Ci I'U'W'.S ] '(, t o tu l 
·. , l L .. ·r :x; l i·A: r c · .Jt ~J h: l ['[ ':)SSUr C uv l' rG ·I·-c t: u i tot <::tl 
; r, r i n l\ l c r :_;\' !~ tc; Ll ~) Pr 2s.sur i zed uy t' t OJ CC t (j L !Jy t·'·J. ( I:lS 10 0 1:. 
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********************************************************************** 
* 
* 
* 

* 
* 
* 

********************************************************************** 

=============================~========================================================= 

'\Jjustcd lJ77 Costs $ $/acre $/J:iilC $/US<?r $/uf roEJ.J %syste.n 
==~=====:~========================:=================================================== 

U77 ·J&'1 '\SS\?SS:ncnt 58974G 14.23 :220') 1035 2.501 
( 1) \ Jr:Jinistrative C:Jst:; 58369 1.41 21~ 102 o. 248 13 10 
( 2) dcJ.ter Control Cbsts 116252 2.31 435 204 0.403 25 20 
( 3) ' luinLnuncx; :::Osts 283199 6. 83 1061 4~7 l. 201 G2 50 
( '4) l\ nnuul rower (bsts 37630 2.11 328 154 o. 372 15 
( 5 ) [ 'c s~ rvoir 1)~/1 (b.sts 22472 0. 54 Jj4 39 U. O<J5 ~ 

=======-============-====================:=====================================.:::===== 
r o t.:ll 1)& , ~o~:; ts ( l+ 2+ 3) 
'i'otal t'rOJCCt Cbs t s (1 +2+3+4) 
'l'otal svst~rn Cbs ts (1+2+3+4+5) 

457820 
545450 
56 7CJ22 

11.05 
13.16 
13.70 

l7b 
~013 
2127 

l3ll3 
957 
996 

l. 942 
2. 314 . 
2 .4 09 

100 n1 
% 

lOU 
=====================================================================================~= 

=========================~=========================================== 

Adjusted 1977 Costs $ $/acre S/milc %total 
====================================================================== 
·\J..ninis tr uti ve Personnel Costs 38116 0 .920 143 13 
i·:.:.t Ler Control Perso:mel Costs 101498 2.449 380 35 
i I.J.intcmncc Persoonel Costs 1490 50 3.597 558 52 
'l'OtCli Personnel Costs 288664 6 . 966 1081 0 

P~rsonn~1 Ulbor h>cquiremcnts manyear~; my/u my/n i 16 tota l 
==============:======================================================= 
A,d,ninis tr a t i ve Labor 3. 00 0 . 000072 0 . 011236 11 
,;Jtcr :.:ontrol Labor 11.00 o. 0002(i5 0 . 041199 42 
:·:u intcnCl!lCc La tor 12. 30 d . 000297 u. 046067 47 
TDtul Project Labor 26.30 0.000635 0 . 098502 100 

/':VC[..1•JC I-er::>onnel Cost ( totul $/totul l::y ) s 10976 I yeur 
=======~============================================================== 

====================================================================== 
i•USCELLANEOU S 

==========:===:======================================================= 
1\ct J us tell 19 77 Costs $ $/ucre S/wi 

====================================================================== 
'l<1intenance 'tltcrials Pur chased 100081 
Project Venicle & Egu i !? Depree. 11538 
~! ir<?J vehicle & En,uip Depree . 4217 
'l ·utul vehicle & u::ruifJ lJeprec. 15755 

l'J77 tbvJCr Cbnsumptioo 
l':J77 Pro] ect Po'vver ~sts 
1077 Crop 'v::tlue 
19 77 Crot.-' V.:1lue 

$ 
$ 

27470400 km 
8 7630 

8621000 
37 $/a[ 

188 

2.42 
0.28 
0.10 
0 . 38 

374.84 
43.21 
15.79 
59 . 01 

22 
3 
1 
J 

663 kwh/a 102885 k'vlh/mi 
U. 0032 $/kwl1 

208 $/a 
1u0 $/af of C'l' 



***I<* lc ·lc*** ** lc*** **** ** **** * * k**lc* ** ** * ***"*******Icic le ************ It***** 

* 
* 

A* lc lc-Jclc It 1c lclc ** ** ** lclc ** ** ** klc ** ** *** ** lclc ·klc Icicle******** lclc kk lclc lclc lck ** ** ** lclc ** 

l )7 I [ r r i gu tee.! :\er e.;; 
LJ 7 7 ·\ s s<:ssod Peres 

7 J tl '>L' 
71')7-JG 
JG C. O 

4 -1-l:JJ S 
;.': . ..'t:..Jl :Jystt~ i . Leng th (mil.es ) 
l· f O.J C Cl i 'Cri ,&:ctQ r (n:iles ) 
e r c j ect c o,n'".Jctncss r.atio 
1 t r- i ·-1.3 b~J lcr 0~ I Sys t em i'ile 
. 1<1 t 0 r LJ:..:.c r ~s > 2U acres 

l }(J 

2.40 
415 
Sl6 

t:.::Jeral Or i -1in 
L\1rlicst FlO..v l ~i']n t 
•',vcroqe l"l O\v r i c)llt 
·f ':::>L:ll ~;ate r F-la.·1 Ri 'lnt 
· 'a ter r.i1ht Wty 
L, .:;.::J lJl c I:C~crvoir Stor ug e 
usai..~lc f,e3ervoir St o riJgc 

26 7 cfs 
277 alcL 

l38 J ·JJ uf 
l. iJ -; ufiJ 

============================ == =--= ==== =====·=============-== 
J / i7 !:'f{lJ r:cr HY.l'l-~ l - usc :\ f II\ i L lf'LO\v 
=============================~= ======== =============== 

,•I.Jter Di v.:: r t ell to Project 2. l2fJ56 3. fJJ 100 
:::._:. cl,~.l ~,C [DSSCS ~ J.n s J . J 2 'I 
J~ >e~ o tiorwl 1 {) ~.iS('~ ·1977 O. L' 7 
i·'L!LJ !I L:Clivcr ics 25 11)94 3 . 44 ') () 
1 .!:(cc ti vc l:'rcci p i tu tion 2G5C.G 0 . 3G '·) 

r•urr.1 l~.moff in !~Gturn Fl m-1 l770 l () . 51 1J 
' X' C~. ' Percol ation 1()\)825 l. 37 36 
~ ~~~ iJ ~XJt r c:ms s>ir otion 1'! 54 09 l. 97 51 
lrr i r.pt i oo Cern..:irc.t•e nt ll 55G 7 l. 'J() ·tJ 
erojcct ro turn Fl o• ... • 42670 0 . 58 15 
L077 f{e::;ervoir Storuge L~2 2o Y 1. 61, 4} 

b77 e r ojccl Conve·:~.::mce r:fficj n. r.cy ~H) % 
1 ' '77 r•r o jcct .'\H-lica tion eff i ciency 45 't 

1·177 Proj ec t Irriq~t ion rfficic~cy ~1 ~ 

=== ==============~~==================== ~============== 

·! l 'Jltl :-: L Lrr i ·w :J l c r;ll:'v.J tion 
;,u \·,c;: :; l Irr i oat>J. C r.lev.::J tion 
· l. C ··.:.J ti()i . L,iftcrencc 
'L.:v.1 Li on JJiff . 1 · :;y ::; tcl~ t ,' lilc 
:_·L.:v<t ti on 1 Ji f :f: c:r c nc..; I !\e r e 

43~0 f t 
4150 f t 

Lili! ft 
l. 20 f: L/mi 

0. 003 Ctla 
10 0~ . (J-lOt,) •'J Cf - ~' ' C' f.iHLi :;b DC \.) 1; ( (l- 31. ) 

. c.:.t.al :~y:; t c,:l r c nr:Jtn 
( ; !_.,;_•!) CkH 1J10 l 

.1. incJ cl J.J ilnc 1 
t)L .x.: 
Lineu cn.Jnn.:: l + pi ce 

,:.J ia.l l ,:c ttcc.: 1\r e <..t 
:Jn~l ~r eo I trriq Ptca 
·d x i,.,u ,i -_;e e~)d~J e i' '.JU~ 

]( ,(,. i.'• .:1ilc ~; 

'J ~ . (l , , 

o.u t. 

L. 0 -~ 

l. 0 u 
2:.;6 ucr·:: .... 

u. Jli )~ 

u. 6 7 f tlrl ctV 

PRJJ J::Cl' ')Et:v l Cf: '\hU \ 

•\Vcr .:.1 gc Fur Ill Size 
Sc:> il---I..O atl~ 

l\vcragc ~;oil Cc !:>tl1 
Ave: Soil ' b i s t !Plaine Ca0 
~~:rovity Irri ·ptcu Lom~ 

Sprin kler IrriClatcu Land 
/\~3 v•.:~,;sed LilncJ IrriCJa t cci (1 ~77) 

Pi vcr or Canul 
r; rounJwu t c r 
u tno r 

E. ~~ i 
f\() . l~ t 

u. u t 

·.JI\'l'EJ· Ci.} J'l'f:lJL 

~ u n iJcr of Ditcnrioers 

14) 

(l I) 

;: . ! 
9d 
ll) 
') :, 

11 
lJ2() cf:J ,,n.:; 
ss. ') .:1/cf:::; 47 

QC[ C0 

i nCl!C S 
inlf t 

* 

... : ·· iL.u ,, ~Jiv~ rsi:;r . :~..:: ' >Llc itv 

1Lri Jut..:J r\ r 2 cJ .:1t ' '.:lx C~ ':t . 
L r ·; 1 C'C t r rr i c o tion '.!ells 
:' L . ~J•.cc t: ;JO t u l Pu.nps 

177 
El l 

I r r i qa tcJ ;\r c .:1 I L i t c 1 r i ucr 
' lu,nbcr ot IA/uter use r s I ,J . r< • 
Sys t e1:t w ns t 11 I o. ~-~ . 
Tur ncuts ;:x: r DitCL Jr icll:'r 

l:..i :niles 
(.)4 

'•.G Ltu.~• tJu .1 ~ ~_-c .:and 
·" u:.A: r c f: :?; .; tc <l 'lUrno<Jts 
·t urr"·uL .. I " ile u [ 3yS tdi 
1 n i ! ~lteJ !\er e :; I 'l'u rn:.>ut 

34 1~ ~1 ~3 !J \.l 

70u 
.:j ") 

lOG 
' ..:._ ,, ,Jr Cd 'i'Uf JK)Ut ;':; 700 

. .::..L:r dv-2r t cJ , Ci [ t l:' , 
. .~e t t~: r •: i v,: r t eu , Lif te,J , 
, .dll. .. ·r !J.: liv.::rc- c:tt ' li•J•l 

'i'u rnuuts ·1easurc o uy ;; . r: . 1t t_; t. 
'L U[(K)UtS Clll) Ck<?U iJ.:t ily HJL) ~. 
1\vcr <.K}C '·!ilc .:1gc I ;) .I ~ . r) 0 ~. ,il (Ja y 
D. P. . ~ lilca ·~JC l ~;y£tcm ' 'ilc J. lJ d mpdl mi 
: .. ;u ter i':£livery lYJ!C -- Conti nuous 

:.:, r Pre::; s ur i zcd ',·, itt1 PrOJeCt PLli:I( ) S lC CJ % tot.:~l 
o r Pr e ssurized I I itJ1 :.11 -fur •• • t1..11r,.] s 10 't total 
l' r cs su r c t y LJf OjeCt () t total 

...; ,Jr ir.Hcr Sy3 tCI'. IS Pr c s:Jur izeo i ~y t'rOJ (!C t Q 1 . l)Y l ''.) ( fl ~S l GO 't; 

189 



*** **** *** ****** *** **** *k ** **** ** ** ** ** *** ** *** *********** ** *** ** ** ** * 
* 
* 

* 
* 
* 

********************************************************************** 

==~=====================================-:============================================== 

===========~======~=======================~========= ~================================== 

.S/ucr e: ·~/Pile ~ /user $/af 'bsys t e:n 
=-=== =======================================================================-======== ==== 

un 'j&,l i\:JSCSS1:1ent 1070820 14. so ;~ 151 20 7 5 3. 784 
( l ) 1· Li in i s tr .Jti vc Cbs t s J J.G4lfl l. r)L 701 226 (J . 411 15 ll) 
(.,;\ :2 tc.or :~:Jn tr :Jl (bs t s 16 7271 2.27 l !l~.n 324 D. 5')l 22 14 
( J ) ~ ..J i; . tcn.::mcc· ~;,) .. t.s 4)3340 6.6) -:.. J7S 957 l. 745 ( ; I~ 41 
(':) ' \nr~ u.:: l f O,·iC l' Cb s ts 47.2 731 5. 72 ~ :,.r; 819 1. 4lJ tl J "J 
( ) ) !:'..:-sc rvo lr ()[, '1 ~0s ts 5650 0. OB 34 11 (1 . 020 () 

==~=================~====~===================================:===~=========~=====~ === 

·l'o Letl J&,' ~ Co3ts (1+2+3) 777521 
' i '·')t 1L Proj ~ct OJ,;;ts (1+ 2+3+4) 1200250 
i 'ot.:~l Sys tr).r\ (b.:, t s (1+2+3+4+5) 120590D 

10.53 
16.25 
16.33 

40!34 
723') 
72Li4 

1507 
2J2fj 
2 337 

2. 748 
.1.212 
4 . 262. 

lt)() 

== ·====-= ==~=:= = =============--= ======================================== 

i?t;rs:.)_~r~CL HJFOf<~· li\'l'hJ:J 

--== =============:= == =========--============-=-= === -====================-===~ 

$ $/acre %total 
========~==~===================:====================================== 

\u .. 1ini .s tr -J. ti v2 tl? r sarnc l Cosv. 7975t1 l. 080 40,0 17 
""" t c:r :..::::m tr 0 l !~ r S'J:1n·21 Cos t s l3<J502 1. 767 "i ~~ ~ 23 

, d i cJtC'n<..<nce i:-ersonnel cos t s 261Q(ll! 3. 534 1572 ss 
'f :)C..:l Per sonne l costs ~n:;c-;o 6 . 311 1 2~ 3~ 0 
======~=~=================~==~==~===~================================ 

c-12 rs~mncl L..!iJcr P2c: uircuents rnc:mvcur :: mv /<1 my /:<ti ?; tot.::tl 

~u .ii ni f; tr .ltivc Labor n. no u. unoc:n 0. 03Gl 4 5 14 
.. ,utcr ·~~o.1trol raLxx ~~ . 20 il . 000111 0 . 0 4 ~ 3 1.l G l S 
' ; ..:~ i n t~r. ... mcc j- ,(). 'J0[ ::9. 80 J . OOu404 0 .17951 ~ 68 
1\.Jt:Jl r r OJCCt L1tiOr 44. 00 U. 00059S 0 . 2GS060 100 

:'\vc r.J:Jc t.JC rsonr,..; l ~'cJlucv (tCt::1l $/tOlLll J.i'y' ) 
(" ,, 10710 I ·.,; ·~ur 

====== = ==·= = =====·============ =======-= ===== =========================== === 

===================·==========::::;;=-==;;:;:===..:.:===========:====================== 
: usct:LL'-> t ~ DJJ s 

=========================~============================================ 
$ $/acre %0~1 

========::;=·============================.: =============================== 
~ ·.::: int. ,; na nce ·uteri.Jls Furctwsed 124081 1. 6 ~1 747.48 16 
l;r o jcct vehicle & l~q ui l? ue pr e c. 510d5 o.o9 }1)7 . 74 7 
il ireu vet1icle & D'Ju i p ueprec. 4100 0 . 06 /.tl . 7U 1 
1\.:l t.:.~l Vehicle & l).:l ui p ,:-;eprec. 55l'i 5 0 .75 3 32.44 7 
==--:===·=======================================-======================== 

.U77 [>Jwer C'onSU.ll?tion 8G0118 00 k.~' ll 1165 kwb/<:l 518143 k\-;h / :ni 
b 77 iJro:ject fO;.Jer Costs 

,., 
1! 227 31 li . 0040 $ /k\v.h ~· 

L)TJ ~ rop Vulue 
,., 

19106 000 25') S/c:l y 

l'J77 -: roo ve1lue 68 $/u f lJl $/af of ~~-

========================================~====;============= === =~====== 

190 
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****************************************A***************************** 

* * 
* 

***************************************•****************************** 

l ·n I rrioutc-..:: .~ r2s 
1 ;n '\ :;sc ::>s .2::i flcrcs 
Jo t .:.1 l :·v s t c ,n L.en'lt.J.l (miles ) 
t' r ui (Jct. t.A;~ r i t;,et.er (rniles ) 

lJ4 HO 
13524 

50. d 
30 

11-14-l~ J !; 

9-l5-193D 
307 cfs 

L' r ~ ) j cc t co .. tCJact.ne:;.s Pc. t i o 
1 rr i •:;a tc ·l 1\cres I Sys t em 1' 1ilc 
. u Ll: r U:.5c r ~ ; > 20 21crcs 

1. 81 
270 
n5 

,\..Jn[cxler ::.tl Or i rJin 
J:.Jrliest How Ri.qltt 
·\vc r a'le Flo>J f<i'lht 

' l\1t.:~( '·~ute r Flow . riqllt 
· :wt e r r~igh t Duty 
l.J:j.Jbl e r~servoir Stor aae 
i J ~; a. l) lc Pcsc r voir Stor aqe 

111\ .Jicfs 
'.JO l R7 af 

G. G'J afla 

= = = ======~========~=================================== 

i\F /A iii ~FL_, ;-.7 

====~=======~====~~==================================: 
. : ~1ter Di vcr t cJ to erojcct 51573 4. 20 100 
~~o ; _JO _:J C I:Ds::.,es :354 3 .U . GJ 1 5 

.. )pe r a t ional r....osse .; 1532 u.ll J 
t'dl'fll i:...cl iv<:r i e s <1 1) 498 3. 45 8 ') ) -

d fcc tivc Preci f,>i t <J tion 1010 0 . 30 7 
L''Llr m [\mort in He tur n flO~/ 437') 0 . 32 8 
U~ C~l Pe rcolation L42B 1.80 4J 
i..v !:l~Jot r .:~n.sp ir .:1 tion 216LS 1. G l 38 
Ir r i ·li.l tion l·:eq uirc ::,enl 17901 1. 33 32 
t-lr OJCCt Return Flo·" S9ll 0.4 4 10 
1')77 Heservuir Storuqe /1723 5.54 1.32 
=============~======================================== 

1lJT/ Pro] ect .:::onvev<1ncc fff icie ncy d2 % 
L07 ~) roJect 1\pr>liC<Jtion Effici ·~ ncy 38 't 
b 77 t·rOJ OCt Irrioation Cff ici(~ncy 32 % 

.J i ' H lc ~-; t rrr iqcJ ;;lc Flc v.:1 tion 4350 ft 
' ,.J-..e .:; t Jrr i •J:l i;le t.;lcvation 412 3 ft 
d~v~1tion tJiffe ro.2 no.: 222 [t 

.J.cv.:.J Lil.)n tJiff . I .' :;y ::; t e1:1 ~ l il c 4. 44 ftlr. ,i 
·- Lcov:n i~n Di fferencc I !1c r e U. UlG ft l z: 
\v :.: r .. :nc L..:.ln:."i Sl :.>pc Ot ( 0- 3%) lOO t. ( 3-10%) 

= ===== =============================~===== 

iU Lol :,y.;;tc.a Lcnqth 
:_q~ n ch.:1nnel 
.Linc~l chunncl 
,; i !.>~ 

.Lined channel + [•i [JC 

,:_:._m;)l v.'ct tC':..J /\recJ 

Sfl. l) miles 
IJ2 . D ·o 

0 .0 !t 
8. U ~ 
tLO ~ 

7 3 acre s 
o. ')4 % 

~verage Far m Size 
.3o il---~il t [Oll!Tl 

.tw eraqc Soi l Ler;t.J.; 

.rwc Soil "bist i!Oh1inq CCJ p 
Gravity lrrioa ted G1nd 
S~rinkler Irrigu t e u!r.G 
r;,;...;scsscd Lonu Irri')utcJ (1 T 77} 

' Jl\T C i( s;,):J i' T 

r:i ver or CJ.ml 
S roundw.J t e r 
Othe r 

~H . 8 t 
) . 2 % 
o. 0 f; 

"7/\'I'ER COl.n'RJL 

163 

l\8 
2.4 

':) 9 
1 

l OJ 

~..:m.Jl 1\re.:l I 1r r i q Are.:l 
" ·JX i P,Uill . .:lee[:Ll'Je Ha t e ~Hl!t ber of Ui tcl'tr i ue rs 2 

Irriq.Jted /1re.:1 I uitchri0e r G-/40 
rJumbe r of \Iute r users / 0 .r:; . 4 3 

.:lCf CS 

incllc"; 
inlft 
~ ,, 
" 

\ .1x i. IU.11 d vc r s i on Co pucity 
nr l ' )~tc~d ·'\re<J v t · ~1x ('<J ~; . 

c'fUJCCt Jrr i gation \•,el l :::; 
t' C .' J C..;t 'lOL<ll J:'Ult j.J S 

(J. 05 ft / cJ2v 
2% cfs 

45. S .J/cf~: 

1 Sys tem IJ?nr] tll I l) . r·. 25 1:-.iles 

. ~ .Jx Lr. Ll!i • F'..L ~: r..~ IJ.) 1 .. :::nd 
JLL•iLA: r o L · ,;y .s t e.1! Jur nouts 

1 .Jr iY.Juts I : ilc of Sys t c ,r; 
l rr i qa L ".i !\e rr~:.; I I\.lrnGt.:t 

. ( ~ t..~::o urcc 'l'urrout~; 

'ulc r ~~ i V'2 r ced 1 

\k-:llc r ui vcrted 1 

Iu t e r lX' l ivcre.J 

'50 
55lU tl<J 

2GU 
5. 2 
52 

255 

·.ifte;; 1 

Liftc-J 1 

Ci t li i qh 

o r Pres s ur izc'U 
or r re ssur izccj 

rurnouts j.:Cr 1J i tci'tr iucr 1 Jfl 
Tu rnouts ' 'easurcll 'uy u . 1 ~ . 9iJ ~.. 

'i'u rnouts cneckecl wily lJLi 't 
l\veraoe '·1ilcaCJe 1 u . r. . 4 5 ti,il dc;y 
D. R. i1ilcuge i Systc1r r1ile 1. 80 n·:KVrr,i 
·-::.rtcr ~li ve r y ·rypc -- Co:~tinucus 

v.;ith t-ro=iect i.Jwnps l OC ~. total 
\. ith On-furm f'Ui:'il >S 1 % totul 

Pressure by Pr oject 0 % totul 
:.>ur in kl e r ~'N s tems .Prcssur ized DY f-'rojcct l) 't, :::, y L:'.:lt'. ilS 1UO 't 



********************************************************************** 
* 

* 

* 
* 
* 

********************************************************************** 

== =: ==- ===========.::.====-=======-====·===================-==================================== 
!\ JJ us l e o b77 Costs $ $/acre $/J:li1e $/user ~/wf 'tQ[I-~ t,system 

============================~========================================================== 
}'j /7 lj £1 1 7\.ssc~s,aent 16 095(1 ll. 94 321 ') 1J94 2. 84S 

( 1} •\ U.n inistr .Jti ve Costs 18294 l. 36 ](:6 215 0 . 323 ltl 
( 2) :;a t c r Control Cbsts 2050B l. 52 .no 241 o. 36J l6 
{ )) ·1uintc nancc 1:bsts 93074 G. 90 B 61 1095 l . 645 71 
( {~ ) 1-\ nnco. l 1-0vie r Co s ts 5385!1 4.37 1177 692 l. 04 (' 
( :., ) '~c::;~ rvoi.r ~)f • . , C"..J ~> ts 3331 0 .25 () 7 39 o. o ~r; 

1\:: t al C&' , ::os ts (1 +2+3) 
'i'O t:.ll. t'rOJeCt (b St::; (1+2+3+4) 
lOc<-11 Sy::o t c ':' Cbsts (1+2+3+4+ 5) 

l318 Fi 
1 9()734 
U406S 

1
}. 78 

14.15 
14.40 

2GJ~1 

3815 
38~3 ]_ 

1551 
2244 
2283 

2 . 331 
3.371 
J.4JO 

100 

i\ujustcJ 1977 Costs s $/acre $/mile %total 

All !-a i :-tis tr <1 t i VL' &rsonne1 Costs 7Ul9 0.521 140 11 
:·J.:Jtcr COntrol t-€rsonnc1 Costs 17942 1. 331 359 27 
!'21 in t e n .. :mce rersomel Costs 41246 3.060 :l 25 62 
· ~ 'Otc:Jl n~ rsonnel cost.:> 66207 4 . 911 1324 0 
===~=== =~===::==============================================~========= 

=============:======================================================== 
1!1'//a t totul 

====================================================================== 
l\:.11.1 inis tr uti ve Cili.x:lr o. 40 J . 000030 u.oosooo 0 
I.Jtcr Control L.::t bor 1. JO ~-l . OOCJC<jo 0 . 02GODO 29 

i 'u intern nee I .aoor 2. 8 0 0 . 0002()8 0 . 056(1()0 62 
'1Ct ul l::-To j cct L:1bor 4.50 0 . 000334 o. 09000(1 100 

;'\vc r .J-x: l-c r .::.. onnc 1 Cost (to t ul $/totcl •. iy ) " 14713 / ye :.1 r ,, 
==-=======·==- =-===========================--===========:=============== 

=== ======~===========================================~==========~=== 

•1I .'3CELI) \iJ r-:OU !) 
:.::==:=====~=============================·============================= 

1\'-(lu.s t ed 1977 .:.:o.sb:; ~.~/acre $/mi 
=========================================·====================-======= 
r 1 

• .:.: in t c n2 nee '·'a ter iols c'Urchus eJ 2LJJ :)6 l. ss 417.12 1G 
~-·ro_1 cct Vehicle & eq ui p IJeprec . l !$4 7G 1. J7 369. 52 14 
~. ir~u vehicle & Enuip ce prec. 0 o.uo 0. OG 0 
lvt~l \/el1icle & l_;.,j !..li p uc prec. 1847() l. 37 3G9. 5L 1:, 

=============================;======================================== 

l J77 L'(J , / 0 [ Consumption 10682200 k\111 702 kwh/a 213(. 4t1 k-wll/f. li 
l <J 77 ~·r'- :ic~ct t-:o ·,,;cr 'JJsts $ 5Hl! 58 u. ()(155 ~/kwh 
1 ) 77 r~ r o:..; v~lue ~ 32·3 20 ()0 2-13 $/U ~ -

1 l T7 .:: r ep \i3lue 58 $/af 151 $/af of ['] · 

10? 

') 

11 
4i> 
3\l 

2 

o: 

100 



** ** ic· ld;/f: k*** ** ** ** ** k* ** k* ****** '<** k* ,\ ** k ** ********** * k* ** ** ** *" ** ** ** 
* 

* 
* 

* 
* 

********************** ****** *********~*"****************************** 

1 J/7 Hri ·. plcu 1'cr e::> 
l.J "7 7 ·\:Jse!::;3cJ teres 10-11-l..,Ou 

4-15-1910 1·ot a l ;¥s t c .1'. Lcnqtll (mile:; ) 
t'rojcct ~rimeter (miles) 
t' f Oj ec t Co mtJ<lCtncss r<atio 
r rr i :;;o te:d N..;rcs I sys tem '~ilc 
. .'.) t~ r u.'c r s > 2~ 1 .Jeres 

11 ':J240 
14 () 34 0 

755.U 
14() 

2. 15 
198 

llOll 

I •.Jn~C-.JCful Or i ]in 
l'orl ics t Flo~,-,• Ri'lh t 
~veraqe Flow night 
Total ~;rater Flow Rignt 
·,,/ i..l ter Piqnt wty 
usaole r~servoir s tora] c 
usable Fl23e rvoir Storage 

4550 cfs 
33 a/cis 

5460B7 uf 
3. 6G afl<~ 

.:=.:=:::-= ====.:-= ====-===-= =·-====-=== == ==:. -=== = =========== ==== -===== 

===~=======~~=== =~=======~~== =~==~~======~~~========== 

.'L. t c r t.ii V'2 ( Lt.: J t.o i.·f OJ CC t 7 -l~C)}. ) 5.32 ]0!; 

::._:2 .) .}']C LDSSCS F\':_,0 12 1. 92 ](, 

,;, ~cr :1 tionul [J)~: S2S 2-307 u . 02 u 
[ ',:J ( .L t..C l i v0 r i t:s :,J (; lll 3. 39 64 
r·Llc.!ctivo. r:-wd. t. iL J tiun 2=~1'3 1 u . 18 3 
,:-·;., ( ~ H runJrt i n ~ ·c turn F lo~!-: 25262 G. l7 3 
LIC2fJ !-'Crcol.J ti un E :U114 l. 21 23 
'"V ~1 ~otr ans~J ir .:.; tion JJ.J05G ~~ . 25 4 =~ 
Ir r i c1.:1 tiun n:s: uir o~: iCnt J-~i) Lj 35 2 . 01 J(i 
l'( :) j(.'.:.;t [\C l ur n F l ow· "2~ 0s~; D. 19 4 
u n Re~;c:rvcir ·-;t o r or,c 57 ~33t) 3 . 33 72 
~============~==========~~===========~ =============== 

L'/77 ~r oJ Ccl r.-:.>:1ve•;uncc cf[ici·.~ l:.:..: -.1 GLJ L 
1;77 l:··r ojcct t\p;lim tion l~fficio l l C'/ ::i :J '{, 
l'J77 1Jrojc-ct lrriqat i on Sffisi :..n::y JfJ t. 

4134 f t 
3120 f: t 
1014 f t 

-,i HJ .: : ; L Irr i ,. .::: J l t~ t'·:lc·,rCJtion 
~,,.J\,C .Ot Irril.:.i rJlc i-:l cvG~ti0!1 

~ l c -..;.:.ti-1:1 L'iff2 r-:::r.cc 
il c;v...,t i O:I Ci f[ . / ··;·-i:.; t c,:l ' 'i.l c 
: h'v..~li r)n ~: i ff ::-rcncc I 1\cr e 

1. }1 f t/rr.i 
0. 00 7 f t/ <.. 

-,l:.' rdr'c t.:1n.: ~ .J.Lx::--_· 2('1 '.:, ( 0- 3% ) ! H)~ ( J- l() ~) 

.~ = = ===== ~ -=== ====== === =================== === 

~'()t.Jl -)'/Sb~ :! [;2 :1q tb 
;j' ; :..' n cnun!lc l 
J i.1C( , c.ktnncl 
' :•i t <.: 
lii JC'.J Clt.:J lllCl + r;i uc 

~_'<.:1 1..1L ,.•t..: tte, ; .1\fC..J 

7 ~1 5 . () 
')0 . -~ 

0. 2 
U. l'; 

U. B 
:2 G!J I~ 
] • 77 

111i1e~ 

'<-

·f. 

~' 
?: 
t.lCt"2S 

{ 

t?!wi~Cl' L~Ervi cr: ·\r ' ~ ' 

;\vc r ur::e Fafiil Si ze 
~bil---Lo:un 
~wer aqc soil i:Je!J tll 
1\vc -;oil 'oi .; t uold inr1 Cuv 
· ~ r .Jvit -y Irrir,.Jtcrj L.Jnd 
Sf.)rink1e r trrirp t eci Land 
.'\ .::: se!..>scu L.:l nd I r r b u t ed ( 1077) 

!-i vc r o r c.:::nnl 
:~ rounJv1c: t c r 
ut ne r 

H)L:. 0 ~. 

G. 0 't, 

o. 0 6 

'il\ I' C ~~ CU . .'I'l GL 

l JG 

'1!3 
2. 0 
7U 
JU 

lOll 

_: ,.; naJ 11-.r ·~o I I r r i _. ,\r c.J 
·_ ,;-:.i .. n.: .. ·.:;c?0i_,Jql' t:J. t c 
·--xi. il.l d :)iwr...;io.J ~~pucity 
lrrin.:~teJ .-'\r ca Jt •;::x C:l iJ . 

u. f~ 3 
40Stl 

f t./ucJv 
cfs 

'" t.wl.Jer uf ui tc11r i ucr::; L 2 
lrriqc:l t -2d /\re~1 I U itcuriUt"~ r f.>7,h 

.IU !1! t€ r of 1 Jutcr Us0 r s I c .r-~ . 50 Jh . 'J alcfs 

.JCrC·S 

incll~" • 
inlf t 
'{ 

L 

,·( .J jC..Cl lrr i •p.tiC.Xl .. 'ell s 
_;r ..; Jo_;t ·lr) t.Jl Pumos 

u Sys t em l.J~·l') b l I D. H. 34 dlcs 

,JY. i.. tLIT. t 'UCI'J 02.i .::nJ 
;u,:,oc r o[ S! _._,tcl!J 'J'Ur nou t s 
~ ·urnout~• 1 1ilc o ~ 0V..:> t2 ,;t 
lrr i qc t c:1 i\c r c~_; I 'J'urruut 
'CU.SU rE:d 'l'U fO') UtS 

·.~u. t c?r :.)i vo. r t ed , 
.... itL:r ci ve r tec..l , 
:i.l tL'r :.:'e livcred 

() 

() :)~ . 

2970 
J . 9 

5{) 

2970 

Lif teJ , 
Liftr.:!d , 
.J.t tliqll 

or l-'r cs sur i zeL! 
or ?rc .:;sur i zcd 

''uroouts ~r Di tcnr i Cier 1J5 
Turnouts : t?-1sured uy U. !: . 100 'i: 
T'llrnauts 0 1c ckcd Uaily l\1,) ~; 

J\vcr.:;,gc 'ti.Lca<Je I D. r-:. 45 il'i/"t:.Y 
iJ . f'. ~ -~ileu·.Jc 1 :;yslcm t·,li1e 1. 31 fii;)U/m i 
~ l .Jtcr l:x= livcr v 'JY QC -- Continuous 

·.·.· itll eroject l-'Wl i!)S 0 % total 
\t itil ~:n-f a r .-:-1 tlUI':if.JS 21 % tot ... 1l 

L'rc::;sure 0v [ [ Q_)CCt 0 1, totu1 
...:• [X inkler Sy~ tct ~,.s Pr es s ur izc:.l by Pro:jl!ct 0 <.•. ·o iJy t:\.1g1s 100 % 
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****•**************************************** ************************* 
* 
* 
* 

* 
* 
* 

********************************************************************** 

===============~===========-==-======================= ::.:: =================================::.= 
\uju.:;tc . .J E ·77 -.::>sts 

l.;/7 :.)/j l ·'\:Jscss.r.ent 
(1) ·'\~u inistr~ti vc Costs 
Ul . :o tcr 2;)ntrol (bs ts 
(3) ·! .lintcn.:ll1C2 Cost~> 
( 4 ) \nnual l:O\IC [ Cbs t s 
( S) ·~ -=.:;c rvoir :J~x · ! Costs 

i ':..;L....tl 0&. Cost:3 (1+2+3) 
i'Gtul t-r oject Cb.:>ts (1+2+3+4) 
·w t.Jl Sy~te::l Cbsts (1+ 2+3+ 4+5) 

H9f::i00B 
~16 88 

176297 
592020 

0 
3d7tJ :1 

86 0005 
860005 
B:J4 754 

S/ucr c S/n:ilc :;;;us·2r 

6. 00 
G. G1 
1.18 
3.96 
0.00 
0.23 

5.7G 
~. 7G 
5.99 

ll,:l 7 
Ul 
'234 
7 -~, 

') 

~~ b 

llJ ') 
llJ~J 

11.115 

'315 
33 

160 
538 

0 
32 

1a2 
782 
813 

S/af 

1.127 
O.ll5 
o. 222 
0. 745 
o. 000 
0.044 

1. Uf3 2 
1. 082 
1.126 

~0&\: 

ll 
20 
6 :) 

100 

Ll 
20 
G>J 

0 
4 

% 
)6 

100 
===================================================~=================================== 

.b'Ck·:illi ·J ~JP.L l t'-lFOJ?i'?.'rl; ... J:J 

:\d:J u:.; t ed 1977 Cos t s $ $/were $/dle %total 
=========================:~===============================~=========== 

7V3tr. inis tr .::1 t i vc t=e rsonncl Cos ts 388 32 0.260 51 3 
····.:ltl:r ;::0ntrol L {; r smme l Cos t s J JCJ :)i31 u. 871 172 ~() 

. \uinl:.cn::mcc :=-er sonncl CosL 337361 ~~ . 259 4~7 G7 
J0L1 1 l:'C r sonncl Cost~ 50627G J. Jf)() l> 71 J 

===:==~==========~================~===========~==================~=== 

'i tot.:::t1 
===========================================~========================== 

!'.o .. 1inis tr a ti vc f...:lt)()f J. s.) 0. 00002J n . uott6 3fi G 
\,'<:.Lcr 2Gn tr ol I.::~tor 19. 7t) U.U 00132 0.026093 JG 
,Jintc.'nancc I.J. lJOr 3J. <)() ~; . 00020 7 0.040927 57 
rotd i'rOJCCt l.J.iXJr S4 .10 ll . OJ0 3G2 0 .07165() 100 

r.;c: r ..:.·J ' 1 ... .:.:r s onn21 Co s t (tot.::l $/total 1.1'/ ) 
... 

935~) I yea r ..) 

===========·=======:=:=====================::-========================== 

=============~======================:=~=============================== 

======= == ================-= ============= ==-======= ============== ==== ==== 
$ S/acre ~/mi 

=-==========-- ===================-================--======================= 
· ·aintcn.Jnc c ; L:Jtc ri.Jls t"u r cc.o.:.:;cJ ~1 Jl lJ 1 D. GO lb. J4 10 
l"t'OJCCt Vci lic1e [, r~qu i p Depre e. ~9762 0.33 fJS . 91 G 
, tirej V2h iclc & B}U i ~, I)C:..; rec. G910 o. oc. 11. ')() 1 
·.:·o tul \icniclc & lJ:Jll i SJ !X'prec. 58672 ·J . 39 77.7J 7 
~=:== =========================================================:======= 

LJ77 pc,·Je r C..tms ur:1;_,;; tion () kh'h 0 k•;h/a 0 k~:hj.ni 
1. ) 77 L'r o:iect j:Q;Jer (bst::; 

,, 
0 •. • U00l) S/ kvm ..,. 

1 ;7/ , ~I: <.X) v~luc c· ~11039000 275 ::. ;a ..,.. 

U77 :..: r CX? valu<? 52 $/af 122 ~/af of r,r· 
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*k****k*************************************************************** 
* * 
* 
* 

\ ' ·_;I) ruvr:n Vl\.LLI·:Y tr<r<I ~,\T· f , ) r .J ur·:;·rmcr 

****************************************** **************************** 

l 'J i7 I r ri cp t c::.:: /'ere ~:; 

J J 77 \ssess!2ci !'cres 
' ! :Jtu l :~vs t e•:l Lc nottl (miles ) 
rT 0.J cct ~r in0tc~ r Ur1iles) 
f' r :I j ~c t Co;r,p J ctncs:; l?u tio 
Irri ~ 1<1tL'J IICrc . .; I .t~ys ter.J ~ 'il e 

J t o:·r user~,; > .2C acres 

48 rJ0 
80 ] ~) 
22 . 0 

lB 
l. 54 

220 
34 

'~onfcderal Orig in 
r:a r lies t Fl o11 r< i qn t 
r'v cr<Jgc Flow Riqht 
' l'O t<Jl Ou te-r Flod J<i gi1t 
'··utcr r:i qt1t il.lty 

G-10-lil!iU 
J-10-l'Jlll) 

iJ fKJbl e P2scrvoir Storuge 
•Jsu;:; l c reser voir s tor aqc 

623 cf:..; 
8 ulcf s 
0 a[ 

o. ou <.tfl::.t 

====-==========.::. ================::.========:============ 
l 'rn l:"tw t..:Ci' \·l\'l' t: ~ usc l '.L· /A 6J ; WL0~ 1 

, ;o ler !)iV>..=rtc---1 to Fru]ect 46A9 ~). 60 100 
~_ec rx.r~e I.DSSC .S UOfit) 2.28 24 
...; ~...c r L~ t ion~l [;YSSCS 0 o.oo l; 

t· 'c.t [ ,l , uc livcries 3~)499 7. 32 76 
1£ Ecct ive ror cci p i t o tic n ns7 0 . 4'1 r. 

. ) 

t<iL.l i~unof!:: i n t.:c turn Flm-J 0 0 . ! H) .) 

I.CC :J Pc r colu t i ::m ~~~- l 07 5. 32 ss 
~ ~v.::wvtr <:lllSl 'ir u tion llnUL :: . t, 3 2~) 

Ir r i <JcJ tion r~cru ir emGnl ~J;:i8~ 2 . 0 (l 21 
~-'Cojcct Return Fl m.; 0 0 . 00 0 
Lt77 i,2scrvoir ~:; t cr<Jqe 0 0 . 00 :J 
~===~==============~==================~===~=========== 

l.J77 1:-'roj cct ::::onveyance r.ffici2ncy 7G % 
l'J/7 Pr o Ject t\~.19limtion ECf ici .=ncy 27 % 
.l 'J/7 Project Irric:wtion l~ffici2 ncy 21 % 

.: 1-i,JL..> t Irriclll., l c t:l cv.::J tion 
,_,y,,•es t lr r i r ~::u ... l e l:lcvu tion 

50)) (t: 

502G f t 
lcv.J tivr: CiE [,~u: nc·~ 

' :lcvJti.,')n Il iff. I ivs t c: :t · lilc 
75 ft 

3. £11 ft/ J; Ii 
O. l11S ft / u · 1·,'\hl ti on Ji i.[cr c.1ce I ~ .ere 

· . .-'- L· ~··e: J....:.n.: ~ ;lux: lt :,L; ( 0- J ;. ) o·t, ( J-10 ·<'.) 

.'U lt.!l .N:~ t-~1. 1 l .enq ln 
·.) .r..: n c;ttlllnl: l 
J inca chu nne 1 
, · i ~c 
lint.:tl cltann-~ 1 + f ~ i. ,c 

...: .: . . e-:1 '.'c ttcc: :\rcJ 
._, Jnul ·'rca 1 rrrio r•r c .:: 

:.. :.L ... .~:. Se'2[l.:.t<}C .u t r.:-
,,; ,'li •. u.; . l) i vc r s i ::m C<:l fXJC i ty 
In i t]utGu An; t1 o. t '"uX cap. 
·. ' r ,lJC~c t Irr i qotiun 'Jells 
c.J roj ec t Jbtol Pu.nus 

. x i 1; .u-;, J.'ll il; , J.:.e.<tan.; 
t.U .. . x.: r o [ ::i)rs t cu Tur nouts 
l'urn:juL.:; I · ' ilc of 3;s te .:·~ 
H r i •;w t ed 1\crcs I i 'Urn..;ut 
· ,c:i:J,, un;._. 'l'Ur.KJUL . ..; 

22. 0 •.til 2.::: 
100 . 0 i.: 

0. (i 't, 

o.o u 

o.o Q 

" 
4!) ecres 

0 . ~2 (; 
3. ]l. ftl(iL '/ 

61 5 cfs 
7. 9 .:t/cf~. 

() 

0 
r llu 

42 
l. 'j 
11:.' 
tJ~ 

.'\.verugc t".:J r ::l 3ize 
:.bil---Silc lOC::Ult 
1\vc:-ragc soil t:e p tJl 
;\vc ~il r ois t 110l .. inq Cor; 
, ;r .:.vi ty Ir r i ')<J t ee f .unJ 
Sprinkle r Irri• J.JtL: L1 L<.;nd 
\~~c::.;.:>ccl .wn,:; Irri .JiltC:J (l 'J71) 

Piv~r or .. ~n.J l 

r. rolll1<.1">;J t c r 
·J t il2 r 

5C.· . 7 t; 
43 . J '!.. 

Cr . 0 -i; 

2t)4 acres 

3CJ incm:~ 
2. 4 in/f t 

4 .. 
v l t J 

. J u ;,bcr of Ditct1r i (lc rs 1 
1 r riga ted !\rea I uit el l rider 48 SO 
Number of ~\later users I D .R. 34 
svste1n I.en1th I D. R. 22 miles 
Turnouts r~r uitchrider 42 
Turnouts 'leasureo oy D .r.. 100 % 
Turnout s U K?cl<eJ Uuily l CO 
/\VCrCtqc ''ilca1c I D. f' . CO ii. i/<.:oy 
IJ . R . r··1ileagc I Sysle m 1 ~ile 2. 73 mn~l/tn i 
i 'u t c r Geli ·;cr y 'lyt:'J2 --Cont inuous 

:.; L .. ·r L, i ve r t c-J , Li f t c . .J , or t-r e-;sur iz0 ',, itCI y[(J)CCt PU.1<t-'S 43 -6 t otu l 
; <; t~ r ; .iivr~rled , LiL L~.J , o r !:·r e: ;sur izc.! ,; ittt 01 -fur .T. f'.Jtl ~/ S 43 tot.:.:l 
. .J u~ r LJ2 l i v...:- r c .. t ut [Ji .;ll J' r essur c oy Pro:1ccl 0 ?, t o t a l 
:: ,_. r i.11klcr c~;::; tc :n s Pr 2ssur izcd by .f:'roj c:ct 0 \, uy fe~ r :r.~ 1'10 % 
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Xkk*****kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk*kkkkkkk 

* 
* 
* 

* 
* 
* 

****************************************** *'************************** 

===========-= =-===::.-==:-===================================================-=============== 
$/acre $/ mile $/user $/a[ %svstc .n 

1)77 J &' ' '\s se::.;s·.1ent 91 :~8 l. 88 ~b 2G8 0 .1 ')1i 
( 1) r\u:1 in i s tr a ti ve :~bsL; 1028 o. 21 IJ 7 30 0.022 7 7 
(.:) ; i .J L:~ r c::x1 tro l CJ.::; t s 4761 0. 98 '2 ]1j 140 ll .102 31 31 
( J ) 1 .1in tr: n.::J ~ C-.:' ·_':).sts r~ Jl'~ 1.72 373 24 5 0 .17) 5) •)9 
( ii ) \nnu;~l Lov;: ·r C.Js ts 0 o.oo ll 0 c. ('()(J J 
( :J l . ." ~ r~ :.J ~~ r·voir \.)[; 1 ·. :'.JS t S 0 0. iJO J 0 o. uoo L) 

,·:;t.-11 \.)&_ 1 ,:os t:... ( 1 +2+ 3) ] 4108 2 . SI1 li .1 1 41:> J • ]L)J l l)O 
J O l~l t'r O]CCt (}.)3 t s (1+ 2+3+4) 141013 2. •Jl ~41 415 ( J . 30 3 
: :..>c.ul N s t c:1. ( J _: t 3 ( l + 2+ 3 t--1+ 5) 14] 0'1 2.<)1 .j <jl tl 15 () . 303 

========-== ===========--======-========-============================-======== 

$ $/acre $/n·ile *total 
=================================~=================================== 

i\liminis tr a t i ve Fersonncd Costs 35.3 0 .073 lG 5 
.. ;~~ ter Control r:e rsonne l Costs 4164 0.859 Hl9 51\ 
":.::tintcna.nce ~rsonne1 Costs 3202 u.660 146 41 
'l\.)Lul Personnel costs 7721 1.592 351 t) 

=========================:~=========================================== 

~:..:c.;onne1 LJbor Req uire,aents rnw.nyear s my/.::t my ;1ai t> tot.::tl 
========================~============================================= 

.\am in i s tr~i tive La bor 0. 05 0 . U00010 o. 002273 6 
~; .:; tcr C,:mtrol LcJbor o. 50 0 . 000103 0 . 0'22727 G2 
· i.:1 int.c n::1nce I:.Ul.Jo r o. 25 o. uoo os4 0.01Hll8 32 
'IDLH ~~oicct Labor O. Bl o. 0001 67 0 . 036318 100 

•\V C f.J QC Fcrsonne1 Co s t (lGlJ. l S/tot.:11 !!;y ) 
,.. C)S32 I ycJ r ··' 

========.-=== ========== =-============================================== 

:-.:==---========- ============= ==== ==================================-.::..====:=== 

=============~========= ===~===================================~======= 

!-\:.. J u.s tcu 19 77 Costs ~~lucre %0%.'·1 
~===================================================================== 

:ul!lte:nancc '·btcr i als r>u rct1ased 551 O.ll ::::) . CS 4 
!'.COJeCt vci1icle: & :::;crui p i)e tJr 2C. 0 0. 00 o. 00 J 
.l it orJ ve t'J icle & [i'-=lU if.J !Jcprec. lG SO 0 . 34 75. Q(j 12 
·1uLal Vcllicle & D:J ui p J eorec. l GSf; 0 . 34 75.00 12 
=~=== ~ ==== ============================================================ 

1'.)77 1:-'o·,e r Cbn s um}J tian 0 kwil 0 kwli/LI 0 r-.v,t·J/mi 
UTI llfOJeC t L.O ·.o,~er Cbsts $ 0 ·' · 0()00 : ~/kwt~ 

l ':JTJ ~~ r qj Vulu..: <.'" 
·~ ~ 08000 l G7 $/a 

U 77 r.:: rop Vu.lue 17 ~/af 68 $/af of E'l' 



* lckkk x icx kkicic ** kic ** ick Jric **** ******* ** ** kkkkic *** kk *** *** ***** ick H: ** ** ** ** 
* * 
* 
* 

* 
* 

***kick**** kickkkic ** ** ** ***" **** *** ** ** * lc·i< ·lc lcic-A· icick *****lei< ic ·k ** ** ** ** ** ** ** 

E /7 lrri•Ja tcd 7\cres 
l 'J T7 \ s sc,>scrJ .-"crvs 

1 0770 
3J400 
lu 9. o 

54 

J 2- 29--1 906 
2-15-l9U3 

28 50 cf s 
·1'-.Jt.::tl ~:y . ..:tc :1 ~ncJ th (rr:ilc:s ) 
Ll[ Oj2Ct l:-\2 [ i 1.1e t c r (1;1 ileS) 
t• nn e c t CoJ~t.Juctne3'.J Ratio 
1 r r i 'J:l tcJ :'Cr es I S·y ::; t c: ,n i'ilc 

:'~l t !.C [ u~~er s > 20 .:teres 

2. 02 
131 
174 

1-'eder.:tl ex i q in 
1 ~arliest Flow P.i gh t 
t'\ve ruCJe Fl ovJ Pi gh t 
'Ibt3l i·JcJ.ter Flow r~ i CJnt 
'later Ri qi1t wty 
J sajlc D2servoir Storage 
usable reserv:::>ir s torage 

7 <:/cfs 
l.C OJ(}) i..tf 

9.10 af/c1 

=========:============================================ 
l'JTI PfO.JECf ~:-.JI\'l'E t l USC /\F AF /A tlf'lfLOI·•' 

~=======:~==~============================~============ 

·. :<J ter · >ivcr t c.::J t o l?roject 7595G 3 . J4 100 
~::Ce txl'J0 f.0SS0. S 27C'JS8 l. 41 37 
Jt-~r.J tional r...osses 0 0 . 00 0 
!? l..l r ~ . ~ LClivcr ics 17::J'JB 2. 43 (3 
t.iL.cctivc Pr ecib-i t i:l tion 04B5 0 . JJ ) 

L'.J[ i. l t-.Un->ff i t1 lie t urn Flow 0 O. OG 0 
t..I~Ct.J Per col .J t i on 2()Jfl 9 l . Wi ~0 

! V~~otr o nspir i:l tion 31:3 26 1.111 4 ' ) 
-~ 

H r l cJu tion Pen uir e;ncnt 27009 l. 37 36 
t'rOJCCt r.-r>turn Fl :-Jw 0 0 . 00 u 
J I /7 I::C::,ervoir Storage U0 t)00 4.U :J lJS 

l·)T/ l:'fOJCCt C:onvey.J;lCC Cff iciency 63 ¥, 

l•.J J7 J:lfOJCCt ,'\_ppl.ie.:ttion Cfficiency 56 't 
un l!rOJCCt Ir r i Slo tion rf fici c ncy 36 'i; 

================================~============~=======~ 

:Ji-j:l(s t lrr i q.:::. u l e l~l cvation 40')0 f t 
L.:N c:..: t Irr l '_]<JL l c E:levatio,1 4 ~) 05 ft 
: Lc..·v:-Jtion Gilfcr~ncc <Jc:s f t 
l c.v ltion L·iff. I Sy.stefil :liLe c; . o4 f tlmi 

:"l ov .1 tlon uiffcrencc I ,\e r e o. r~so Etlu 
.vc r .J:_;c L.Jn:i cJ.opc ':if1 1· ( C-3 ·:;} 5Cl ti ( 3-lU 't>) 

. O L ...;l ~ ~ ·ts t·~ .. t f_cncjth 
v~Y.= n c; Jutme: l 
i.if!c ,J cn.:.~nncl 

.Ji i..-0 

line,) dwnnc:l t ;..; i :;;e 
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1;ivcr o r cum.l l( l t;. 0 b 
·-~ r o un:Jw·.:1 t c r o. (_' ., 

·v 

Ctll0 r CJ .(l \S 

1'-:U.nlx·r of !Ji tcll r i <.~ crs 

l 7\)tj .:;,cru~ 

3:5 incr.c: 
2. S in/[ t 

l) i. 
l OU ~ · 

''I' . 

~ ' ' 

,, 
.... :<i ,:,u .l l) ivc r~ i ':m co .J.JCitv 

lrri -,et t(~d -"' C~d :.;t ·ux G:l :) ~ 
t t t;:jcc t lrr i f)t:~ tion r:rc.lls 

0. 60 ft.I :JCly 
1112 c f .~ 

~/) .1 2lcf ~ 
0 

I r r iqu tee! 1\reu I J i tchr i ·kr 
•.Juml.Jcr of ~\:~tor Us2 r.:> I u .r. . 
system Lcn<J tn I u. r~ . 
·r•urn..)uts 1:x:r Di tcuriJcr 
'T'Urnouts :'eas urca by D.IL 

4~ 53 
3 

:' [ ~J_ j CC t 'j'Jta l [JUi';'l JS ) 0 
:~; : i .. u :. ~:'lJ!!i_ . ) L.c :1<Jnc. S:J335 ho 

.. u i ! (-' r u f ·;·y'::. t c n Jur n-:.\ul s 
t Uf t lO u L_; I 1il!c o f 9y<· t c :n 
t r ri,!ul•-'•• :\c re0 I rurn::> ut 

L-J .-; ur c:: 1'urruut ::; 

.Iil l e r Di w~ r ted , 
. .Jt0 r l)i V'2 r ted , 
· ,J Lr .. x~liv~rcd 

.n 
o. 3 
622 

1) 

Liftc-J , 
Liftcu , 
ut .t i g ll 

o r !:-'r e ssur iz(YI 
o r I?res sur izcci 

2U n . il e~ 
'I 
I) ~-

'furn..)uts ..:::n~ckeJ tXlily l Oll 1; 
!\vcr:.1c;e • :ilcage 1 u . P. 115 r;ti/ uav 
D. R. ' lileuge 1 System ~ i Le J l. J4 !11ud/m1 
·!a tcr lElivcry 'JY?e - ContinuaJs 

•. ith I·r OJCCt L-'Lii111_)S lUG t tot.Jl 
with (Jn-f a r lit tumu.: 0 % total 

LJre .ssurc !Jy Pr0 JCCt 100 % tota l 
~;:x inklcr S'ystctlcS Pressur izeJ by Proj ec t 11) 0 t. t:;y [~~~ [ fitS 0 r~ 
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****************************************** **** **********************t* 
* 

* 
* 
* 

********************************************************************** 

=================== ================================~==================:===============~ 

==========================================================================~=====~===== 

$ $/acre $/1dlc $/user 

1 J 77 l):).1 '\::;:.;css;;,cnt 1G 73 7SO GS •. 7S l4lu7 l11'::Jl7 2s. oer.; 
(] ) ·' . ..:.:1inistr.Jtivc Q):;t:.:; 50015 2.35 504 4001 u. Jn 1 ~ -1 
( ~ ) . Ji:l lcr Cuntro1 C.)Sts 113612 2.69 :_; '/7 4574 1. 02~ 2L 'i 
( j ) ~ ...: ln tc.mcmcc Cb::;t::; 18168 7 7.12 1'.)27 12112 2. 715 5') 1~ 

( ': ) \ rl>1 U.J l lO\vCr Cbs t s 12 5G l40 4J. 22 105').) J J74J 13.773 dO 
( :, ) ·:c..:::::: rvoir C; U :osts 0 0.00 I) 0 ll . LJGU (' 

. ) 

===~===================================================~================~=========~=== ~ 

t\.;U l >• 1 :.Js t s (1+ 2+3) 31UJ14 
~·,; t ~ll l)r o jcct GEts Ll+2+3+4) 1566450 
.l·ut.:ll ~yst~ , .1 CJsts {1+2+3+4+5) 1566 450 

12.1G 
61.38 
Gl . 38 

:;:r·,u ·; 
UlS :> 
lJ l(jJ 

206 8:J 4. GJU 100 
lu44Jo ~3 . 411 
104430 23 . 411 

=====~~===============~=======================================~==~=== 

~===================================================================== 

$/ acre :ttotal 
=-=====-====================-====·================-======================== 
:,J·din i s Lc ,, Li v2 ;~ rsunnel Costs 11783 0.462 99 10 
· . .'.JLcr 2'.)t1t.I:Jl & rsonnc1 Cos ts s :is79 2.295 40~ 47 
·'<lin L..:n ~:nee; ~-r.:?rsonnc1 cost.-; 53lfd 2. 0>13 tl4 7 43 
,otul 2'2r ::>onnel C'oG t~> 123530 ·1. 841 lt ! 3b 0 
======~~==~=~================================================~==~=== 

.:ty /<J ¥, totJ1 
======~====~===================:====================================== 
1\ominis tr at i ve Labor 0. 60 o. 000024 0.005042 6 
11atcr Control Labor 4.10 0 .000161 o. 0344 54 41 
.vuintenance Lilbor s. 25 0. 000206 o. 044118 53 
·mtal ProJect Labor 9. ~5 u .000390 o. 083613 100 

Average ~rsonnel Cost (total $/total my) ... 12415 I yeur v 
=====~==========~===========~======================================= 

~========~===================~=========~~====~======================= 

r· i i .SCCLL/~·JECU :::; 

··' . ~/<.:ere $/rr:i 

a i ~ 1 Lcr~z~ n ..: 2 D tcr ial~ t'UrCrk.~CO 0nn J ('') .. .~ ~ 8J G. c1} 31 
.·r...J]CCt \r~nicle 6t C:!U i [) Uc pr-.?c. llG4'.l (I .LJ S 97 . E'J 4 
• l ire·~ veh icle & !-,1 ui p I)Cprcc • 0 ll . 0•) o. c~o d 
.1'Jta l vehicle E, Ct tu i p uc :x ec. 1164') 0 .4 G ~ 7 . 3~ 4 
========~======= ========================== ~=======~=====~====~==~===== 

lJ77 t>OI>C: r Cons umption 80285GJ C kh':1 Jl4G kv,£1/a G74G(.H kl,il/ l.~i 
1 ./17 .ruj ocl t>:J\12[ Costs $ 125Sl40 J . 015G ~~/kl·ltl 
lJ/7 2 ror: value $ 15JG2000 5:J l) S/u 
lJ17 --: r ~; ,_; VJluc 2:2 5 $/uf JC5 $/a[ o f C1' 
~==========-=:================~======================================= 
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***** ** *** kk ** ** kk ******Ide ***A· **** ··~* ** k k "k * *** ********* k ****** ***"' ** ** 
* * 
k 

* 
* 
* 

**********"'***********"'***************"'"'*"'**************************** 

L'J77 ! rri '_J<-~ tc l ;-,c r cs 
J J 7 i t-\~>...;~~sea ,"<::res 
·Ju L.::.:l ~ ' l !..i l2 t' l rc nq tn (J .• iles) 
t· r o j c c t t-er i Jl•C t '-.' r (n·ilc:s ) 

l JOCO 
l vJ21 

GJ. L 
}!') 

~;·c· rJe r a l Or i ·J in 
1 a r lies t Flow r<i•:h t 6 -1-Eu8 
·\vcn qc l"lmv ri~llt 7-10-1000 
1•) t ul !.'>Iuter Fl.:JW d 'l t:t Jthl c L 

l' n~ .J CL't .:o:.: .. ·c.:; clnc:!>S F..::~tio 
ltri - )ettc~i /'ere::=. I ~N.3 tc.n t"ilc 
•.. 1 Lc r Jj:_;c r b > 2J t.Jcrc.s 

·L 17 
133 
GS 

. .::: t.er ni l ht Wty 37 .:~lc !'s 
usaole r-:cservoi r Storag e U .Jf 
ll:;.:ulc Feservoir sto r;J:JC 0. OC u[/.J 

===========:=============== ==== =======~=============== 

L J77 U~ LCf' I;;\'~'U! USE 
~~~===========================~====================== = 

·.,.:: l cr l!i ve r t c:J t o i.'n Yject Ll l 925 lO .l fl 100 
~~._: . __.,:.J<}2 Losse s Jtl ll •) J. 74 27 
Jr JCr .:.:: ti · ma l I.D .J ~c~, 1 7G9ll l. Gl 16 

::,J r ttl :>2 livcr i cs :A U G ~) . '3 3 r· -· 
.) / 

ll [ .:-ctivc Prcci ~i t u tio n /.0 37 O.l 'J 2 
L'.::l ( lol ru:1off ir. r.c· tur n Fl ovt d 0 . ;:•t: ,: 
I.A:C ,J ~ercoL.1 tion .1-:i74 ') 3 . J4 :u 
~v .J:XJtr ,.; nspir .;; tier. ~~ ·HO 'l 2. G7 2') 
lrri')3 tion >c.::ruir c.ncnl ~ 73 1)') 2. 4') 24 
t-TDJ CCt J~ turn Flow l7G90 l. Gl l(, 

1) 77 He s ervo ir ~;tor .:Jqe 0 0 . 00 0 
======~========================~======~=============== 

l (J /7 -rojr:ct Conveyuncc Cfficic nc v 
l J77 L>f ()jCCt .'\ fJf::J l i CJliOn r:ffiCi(~flCY 
1.:77 ~-roJcct Ir r i qa tion F:ffici •.: ncy 

57 ~' 
~ 3 h 

24. -t 

:.__ -::===--===== ================================== 

Ji · ;tk::JL Jrr iq.JD Lc rl e vcJ tion 2t.J70 ft 
I U'"'---; t lr r i r;.:L.; h : U c v<l tion 7.4 7 5 tL 
, J c: v.::L i v (t ,_,i£ tcrc ncc J ')') [ t 

.. L·.-~_ c. i v.l ._.i.f:(. I ;;':.; t~ ::' 1ile 1'. . 7 ·;~ (tl rn i 
:· l 2v~ tiGr1 .'·iftt?L·nc:~ I .11.crc iJ . •l.3E [ tla 
·.-·~· r:. : ,c !;m_ •:lo ~c 33ci ( 0- .3 {) G7 ( J-10~;) 

..:..--:::::;"::.·.:= =====:--== =====:. == :=-=- == ====...:::= ==== = ==== 

l t 1~.:.:...... . . / .J t ·:.\ .1 L2n·. 1 Lu 
.J.~-..' Il (;li,:jfliJ(: l 

Li ncJ d:.JiH:,~l 

' i..:.c 
lincu c.1 ,~nn~ l + !:i o.JC' 

_': ,r .. u :c· t t C~· "r r::' 

8 J • .J t"::ilcs 
.J2 . u . 
L' . IJ -;. 

n. u 
~ -i . () 

2CJ1 ucr 2:..; 

l. [1J ·c:-

ll vcra<Je r- an1 ':be 
;:Dil---Sa nJy l OCld , 

'Wcr ..1 qe ",oil ! ./~ C: tL 
/\V-2 '~:)il :-'Di s t ;·!Ol J inr. c.Lw 
Cr a vity Irri .. ptco W.nJ 
'' !) rinklc·r Irri'lutcd L<l•I'J 
,\S ~:iC:Ci.--C<.t f ,md Irri lu t ed ( l'J77) 

\I;\ l'Ei' '~Ju "CL' 

!'ivc r o r ~.u l 1! iU . t' t 
~ roun~l-,~c tc r ,) . lJ t, 
J t hc.• r Lr . o 

l ~)() 

)(1 

1.7 
2ii 
f!(l 

J ') 7 

.. ·.~ •• ..: !. ··.r_a 1 J r t:i·; : ·r c.J 
~1~ i ~ \Ut~ ~ ~CC:..J.:-t1C {·4.1 l~ (' . Y \ ( tiJayr 

35C cfs 
.J u; 1Dcr o i .. ci. LCJ ,r iL:c r ~ 3 
[rriou tc j ·'.r c.J I ,j itc!JriGc r :3\)\, / 
.• Uf:tl:X: r o f '.;tl tN us·2 r~ I J.J . ~ . 22 

.Jeres 

incl•t'S 
i nlf t 

" '· 
'• 
" 

,_...; i ... LL iivc r .; i ;.Jd ·::.:u :J.:lcit y 
lrri•i.J t C.i ' 1 r C~l .lt ·'QX (:tJp . 
, ·r "J •x t. lrr i ')ZJli :::m · rc-1 1. ~:. 

JJ . 4 .Jic C~: 
1) :)y;:-;tL:>:t Lcrnb I ,: . J· . i ' l r.i 1 c·~> 

1 r c·J ~~c t ' lC> t o l ·-u.:.<~ 
L..tY i i .~~L.. !!U-" .. fA: .1 0 nu 

.:J. .~ ...... r cr ~v'S t!; i I 'I U r n ~;uL; 

~L.:n.;,uL I ~ il .:. ··J:: ~~v - ~ t:c .. , 
tt r i ·•.:-.L.:•.--: .\c:rcj I i~u tJJu t 

'- -J. _: un::~. l ;Jrn _;ut~:: 

,_, tc r .. •i v:: r L0.J , 
. ~L_ r ui v..; r t cu , 
,n:_ r : _c 1 i v-~ r ccJ 

0 

l /'1 
l. r;, 
% 
~- J 

t.,i f t <-! C> , 
,it t e:,·: ' 

tl t i': i 'jii 

·~ ·urnouts ~r Oi t c:t 1r i der ·,J 
Tur nouts '\:: ,JSU ((~,J oy D . l) . n 
rurncuts ,::w: ckcl-: ·;..lily l ,' l) -<. 

r\vc ro..~.qe · ~ilcaqe 1 .,_r: . ·j·-, ,; ij <J<J y 
C.F . :·ilc .:lgQ I ~_;y :::.L121ll · :ilc :: . 35 .~•f?L',I. :; i 
· . .:. Lc r Ce livcrv 'JVD2 -- C011t i nuous 

o r ?r es sur i z(< -, ;it! I •'r e j ect Pu . ..:Js u % totJ 1 
(~· r L'r •,:,; s ur i zc; V\ itt J ._,tl -f J.Ii:- !:"Uu ~_) S 

') ') \:. totL~J ..Jl' 

['f C'SSUrc ~}y i.'r OJCCt () ,, l C..l-J J 
; c r i nkl:::r :- ~~:-~te-rts Pr~ssur i z.c:J !.:,y !?roj cct 0 t. uy t··~ r . Js 1d0 ~~ 



( .L) 

U l 
( J ) 

( !; ) 

( .. l 

*** *** ***** ****** * ** *** ** ** ** ** ** ** ** ** **** * ** ***************** ** ** ** * 
* 
* i<IJJ G diLL I.RRIGI\TIO:J u i ~~TClCr 

* 
* 

********************************************************************** 

1 ·,n l& \ . :)s~ ~; s /,cnt 11: J C1 7G 12 • . 33 17')7 il )C 1 . ~0(. 
~-.n i .. L t LJti vc -:J ~>t::> 21155 l. '.; =~ .:ss 325 '. ) . l ;! ~ ~ 15 
-:! Lr : o: Jtr .J.i ~:::>.] t -:; 2:7u7 .2 . r ~ ., ~ ··: 34 2 C . l ~L l 'j 
),l l l~ L:~, ) Q, IC·::: ·_,Js t s ', 7 L'l ·~ 

..... ~ ......, 

-~ • UL... ll 'i'.: l ti .:;l3 o. 86 7 G:J 
· .. :i ;ll.lc.! l l'-0\.-.' ( :·::;..,; c~: C• :J . nc ·] o. uoo 
1c ;..: r v()i r u~. ·:D:; t~ r ;). 00 1.) :) o. ()()() 

r ::,L1J. )I .. 1 ')".. . ; t j {1+2+3) 140!\ 0G l2.7G v. · · ~: 21 ')0 1 "') CJI 
l. • .(_ ~J ~ , 1 00 

l u C:"ll 

':.; L ::! .i. 
l' [ Cij l~(; l ·~--; j t ::; ( l +2+3+t1) J..l 04DiJ 1.2 . 76 .!_ ,,; -;:~ n :,o l. 25,1 
-; ',l:.:: t 2.il (~:>:o; t:..; (1+ :-:+3+4+ 5) ]_4 :Jt\(F\ 12 . 7G 1.,,·;:: ?. .L) J l. =~,<.) 

$ 7: /ucr ..:: $/llil-::: -t:.tcta l 

.\.J ~ ; i n i ::; u .J ti vc ~"~rsonnel ·:,os ts l48vd 1. Jt1G 17~ Fl 
·, '.J t c r ~=-Jn tr ·:)1 i>~rsonnel Cos t s 15473 l. 407 l ::':G 2U 
·<J.int c nanc<.' ~~rsonnel Cos t s 47:.:11 4 . 35G 577 Gl 
.l

1:.J t ,_j l. l-:,~r::;onncl Cos u; 73192 'i .J.m 9 42 l.l 
====.====-======================-= ===-=============================-======== 

=~=~~= ~===~=========~ == ~============~ ~=~=~ == =~======================== 

.:1v/o. I> total 
:...~=::.: == .=.; ::.:.:..=-= ·== ==============-======================-====================== 

i•Jn inistr c.: tivc !.i.1 bor 
'Jb.:!r C"'xltr o l ~bor 

.:J i n t l.! n.:.ncc 
j \) t,. L t:-r u· jcc t 

L .. lbc r 
Jil bOJ: 

'iJC'Cl·12 t'C' r .:..onnc l Cost 

1. 20 
l. SC 
3. f) 7 
0. 47 

u . GUUl tJ') 
:) • il 0014 5 
,. , _ o;JC 3J4 

1
• ; I I 05] ,; 

0 . Ol ~ !i 58 
G. ULJ277 
0 . l) t112l7 

0 . 077 ')) -.. 

( tu t ;~ l :J / totul !l i'.') -. 12Gt!5 I ·;~c ar 

l ') 

57 
liJ U 

:::: ==== -============-= ==~=-:=. =: =- ===-==-~ ==============================·= ::.::.=====~ 

=-===== -:. ===================;:====================================-========== 

== -==== = = = :::: ::: ================ ========= ======-====== == ============== ==== === 
$ ~~I ocrc 

::;_ == =====-====·=-==============================================-========-===== 
~l int·.:; n ... ~, 1cc , Dtc riuL:i i!UrCii3.SCO 1611 '.) L47 ]_ :) tJ . l ') 1l 

>'f...J _] CCt 'vCiiiclc f. 1 ~·.:-.{ Ui p :.Jo):':-rcc. 110 53 l. •Jl 133 . 23 tl 
.1irc....: \/ _ ~nicle 1:~ !'J:t ui ;~ ~JC[XCC . 30 9 O. OJ J. n () 

'l '.Yl J l vehicle [., r~ui p Depr ee . 11367 l. OJ 1.36 . 'JS 8 
======================================================:==========~=== 

U 77 t<);·iC f ·. ~··.:x~:::; Wll ~) tion (' ki;'l1 () kl·7h/a (1 l ; . ~h / r;,i 

1 ) /7 t'f OJ L:Ct fUwer Costs 3 0 J . OO.:JO $/~wn 
Li 77 Crou Value $ 21)38000 244 ':;/a 
lJ77 Cr ::n value 24 :;;;ar J l :?/uf of :~ '1' 

=~====== ================================== = =========================== 

204 

l "> 
l :, 
)·;. 
I) 

J 

l t)!, 

.L l Jl'• 

1 U ~} 



**** ·I<*******************"'************************************"'******** 
* 
k 

k 

:>cr·rt. rr,s 1 Hf<IGY1'ICH :H STPICl' 
* 
* 

*******************************************************************~<** 

L 77 I r r i c.Ja t cJ /'ere;; 
l'J77 ·'\SSC!:3SE:(l Peres 
1:J l i.H J(stc~ . .-~ [..2nqth (r.·li1es) 
l:" r OJCCl t-er h;.; Lc r ( n ile ~-;) 

t ' CJj c ct: ~Ol llc;actnc~~s ~atio 
lrrhu t cJ "'Cres j :;ystetn ~ 1il2 
. .':1 t c r ._;r,er s > :2 .l acres 

(J44C 
9440 
55.0 

n 
l. 80 

172 
170 

,JrJnfodero.1 C)r i qin 
: :ur 1 ics t fo'lm1 ::i qll t 
llvc ra<:Je !:'lo.,r Hi ~lht 
'J:D t<ll Ha tc r 1clo.1 Piqi1 t 
' \:l tcr .R ight Cul y 

6 -1-18(, <'1 
5-15-lG ~~ ~ ~ 

1H7 cfs 

l.Jsable reservoir ':~tor<:~Je 
(J.Sub le fl?servoir Stor age 

so iJ /cE s 
23'JtJ a[ 

0. 25 uf/u 

===================================================== 
1\F /A U i·JfLCJL' 

====================================================== 
:.; i) t e r !Ji ve r t(~d to Project 47058 4.98 100 
~~e f::i<.l 'Je LDsses % 26 1. 02 2Ll 
v;,;cr :J Lion.Jl f.D::.se s 1688 0.18 4 
f ,:lr li i C£liver ics 35743 3.79 76 
l'f fective Presi f)it.::ttion 3855 0.41 H 
t·au. r-unoff in r:eturn Fl o\·; 0 o. oo G 
LC~i~ r•e rcolu tion U702 1.4~ 29 
,_NurA)Cr ansJ?ir c:: tic n 24G6J 2. 61 52 
lr r i •:JCl tioo Pequir <::J:~ent 2:W.11 2.33 47 
Proj ~ct !~turn Flm1 l 6l3 3 0.18 4 
l:JTi l' cservoir Storage 13753 1. ') 9 40 

l 'J77 !_)roject ::::o:wcyunce Efficiency 76 % 
1~77 ?roject Applicution Efficie ncy 62 % 
1077 ~roject Irrigation efficiency 47 % 

tJi l r::' _; t lrri r_;uolc t:lov.:ttion 
L.:..• .. c.~. t Irri'] rJ. t) l 2 Ll c vation 
',l e v:: tiu:l uif fc r;.;ncr~ 

2655 ft 
2::·05 ft 

150 [t 
. l Vv'-1tio n oiff. I :;v :; t C•d · ~ile 
J .i. (.' V-t ti vn ui[ f cr c ncc I il•~rc 

.\ v c.: r u· ·c r • ..1 rx~ Sl o >.JC 10u t; (0-3 ~ ) 

2. 73 [t/t:l i 
o. Cl.G It/u 

o;:, ( 3-lO %) 

_',J L .L . .J /~.; t~ ·:: r~ nq c.Ji 

·:> :::.; n ctunnc1 
1 i ncu: chu nne 1 

lined c rJa nn..:: l + r;i;x:~ 

·...: .Jr i...J l :,'E: ctcj 1\r c.::. 
~ . .'.J ndl .'\ r e o. / Ir r i 'J !lf i:~ <J 

.::.:< i.1 urt Sc q')iJCJC l& t ;.; 

· ...~x L ,u. l ,: ivc r..:;ic r. ~~;::t po.cit 'y' 

[ r r i rlu t.':l(i .i\r ~ r3 .J t >;.,:n: C.J.o . 
:-' r 8J cct Irri 'l iJ ti :::>n r.;clls 
L' r u J-2ct rot r::Il. LJLL Ti[)S 

' :D; irnU'\1 eu.t!:> ;_:e,;1.::nJ 
,u .. :l!...: r uf Sy :; tc i~l 'PJr ncut~ 
ruutuut:3 1 , ' il.e ot systc •1; 
t rr i .;otc ... 1 .1\crcs I 'l'urrout 

• c :~.:.. urc _i i 'Ur~Duts 

55. 0 i.1ilcs 
1UO. [J I• 

0 . 0 -~ 

0. 0 b 
0. 0 i 

81 <Jeres 
O. ilf: t; 
o. ()5 f tjc:icy 

205 cfs 
4(, . 0 .J/cf s 

2 
2 

4fi JI )J 

Ui 
l ') .... 
14 J 
G6 

PFDH :cr ~)ERVICE '-\ HC.l\ 

.1\verage FoL1• Size 
:_~.) il---Sil t r.oo.m 
'\VCrJ CJe SOil :.:'e;::> th 
/w e. ~-oil ~· oi s t iiolu inq Cu~ 
Gruvity Irrigated rand 
•;L) rinkler IrriC).:ltco Lund 
1\,SSC:C:. SCU Land Irrigatc6 (1977) 

r..i. vcr or C:mal 
(~rourdw<:t tc r 

Other 

91.7 ~ 
3. G :~) 

4. 7 ~ 

56 acr e~. 

48 inetJC::: 
2. 3 in/ft 
100 'tJ 

0 ·u 

l Ut; ~6 

,w mber of Ditcl1ri:Jcrs 1 
Irriguted MC.J I oitchrider 944t) 
L~ur:lber of ~ ;ater Usc rs I 0 . R. no 
Syster.t I.enJ th I [J . f~ . 5S ,i:ile s 
rr~.1rnouts per ui tchr icJer f'iG 
'r ur nouts ~ Easured by u .r: . lll O 1> 

Turnouts C:1c cked C3 ily 100 % 
Average : 1ile.::~ge 1 o . n . JS mi/C..:cJy 
D. H.. 1\tilcagc I System t·li.le o. 64 r.pd/mi 
\vat.cr Jelivery 'IYPC -- Continuous 

l/atC! r Liiv-2r to:'l, r • c 
I 1l .L c.J , o r t>ress ur ize:J w' itll l1roject Punp.::; 0 % tct.Jl 

\ .~ t c.: r uivcr t cd , Li [ te\.1, or l::'rcssur ize ~. ,; ith On-f:JICI K.lq:s G i, total 
. .:.: t e: r ~)C l i vcr ed .Jt fli <:;ll t>rcs s un: by !:' rojcct l) % totul 
~;)r i nklc r ~jy:::>b?i tiS t 'Ic3sur i zcd t y t<roj ec t \i % by L·'ur.ns J.UO it, 



********************************************************************** 
* 
* 
* 

~>CTI'LI~P.'~ I RRI (",ll,l'IO ,, J) J'l'L'rU C'I' 
* 
* 
* 

***************************************** t* *************************** 

==~==~====~==~==== ========================================================:=~========== 

$/acre $/~. l ile $/use r 

1077 J&· 1 1\!.;SeSSrtlent 50654 5.37 921 29B l. G"/6 
( 1) \ cY:li n i s tr <:: t i vc Cbs t s 1475 CJ 1. 5G 2Gtl 87 ~ ~ . 314 

.,..., ...... 
( 2) ::<J. t 2r c:ontr ol Cbsts 9080 o. 9G los 53 O.lS3 13 
(3) · i2L1 t c n<1ncc ::Ost s 44609 4. 73 J ll 2()2 o. 948 65 
( 4 ) ·'\ nnual tO\vC r c~s t::; 1398 U.15 25 13 l) . 030 
( 5) .::eso r voir t)&t1 J.Js t s 406 0 . 04 7 2 0. 009 

'-·o L.:u .J:;· : :::osts (1+ 2+3) 
.uc,;;,l Pr u )cct Cbst.::; (1+2+3+ 4) 
O l .Jl ·,:;'/SL.)JI (b3 t S (1+ 2+3+4+ 5) 

G~448 

69846 
7tl252 

7. 25 
7. 40 
7. 44 

124 5 
1270 
1277 

403 
411 
413 

1. 455 
1. 4!-:lf 
1. 4SJ 

1tl0 

===========·=======================-============================= 

i\-..ju.::;t:::u 1977 :.::ost;::; '?/ucro %tot.J l 

l\G!':t i ni :.; t r <1 t i v0 t{;rsonnel Cos t s 7422 0 .7% 135 10 
: .. -.J l cr Contr ol ~rsor.ncl Cos t s 76l3 0 . 814 11HI 17 
".Jintc n.:::.r.cc Pe r sonnel C:Os t s Jos ~:. o 3. 271 SG l G7 
10L:::ll Per sonm:·l Cos t s 4S) 8J ·1. 871 3JG 0 

=========~==========~===========================~===================== 

,_. ..; r~cJ ~nc l la.Jor ~·~2- :.J U irc ,;.cnts .na nycor s .. ;y j.ni 'i, tot a.l 
====================================================================== 
.:1d.:t ini s tr a ti vc IJl i..JOr J. co O.O OO l OG O. Ol GJ.'l2 l '' j 

~ ·:.::.:tcr Control [ZIOOr o. 70 U. t) 00074 o. 012727 1·1 
. 1a in te nu.nc:..' W !.Jor 3. 4'> 0 . 000365 0. 062727 G7 
1t1ta1 HQJ L!Ct L..l OOr :;. 15 C; . ooo s4G 0 . tD3G36 100 

'·v~ ru ,lC i'2r sonnc l Cost (to tol S/totu.l i:.y ) ~~ 8)29 I ye.Jr 

L 1ISCf: .LU\NC'.)U~3 

====================================================================== 
·\;Jj us t ed 1977 Costs $ ~;;/acre $/rrJ 

=========:============================================================ 
: i.J i n Lo n.:mcL' ' 'ater ia1s !:'urcbu.sed 0371 0. 94 lG l. 29 l3 
lJr OJCC:t Veh icle & r-:-~ ui p Depree • 1592 0.17 2:3 .76 2 
. :i ((': j ve:-. iclc & t;q ui ~_:.· L.'C: l::r ec . 339G CJ . 41 70. 81, :: 
'l'C• L.ll v..::.1 ic1e & f..:J Ui [,> Jeprec. 54 7:3 0. 58 99 . 5 0 3 
=====·== ===== ==- ==============·===================-==============:======== 

U 77 ._.lO\lC r Cc>nS L1T,CJtion i:lf)077 hil t 
,, 
.1 k·,vn / .::: 1C2 0 k11l1/n:i 

1')77 ~: r oJ:?c t eo\~c r •J.Js t s 
,.. l J:).l U. 01S7 $/ k .·JIJ ··' 

l J77 -=: roc.· Va l ue .) 17430 00 185 ~ju 
U77 ::: r o;,, Va l ue 37 S/ .lf 71 $/of :>f r:r 

t sys t cm 

21 
l3 
Ci J 

2 
l 



*** ****• *** k*********************** ** i* ** **** ***** ****** ** ********* *** 
* 

* 

L'.J/7 Irri 1..1 l c.:i !' .:::res 
l. ;77 \sse.; _;c;_, ;"cr cs 

380 30 
39S5iil 
1<),1_ 0 

l;-cuer .J.l Ct: i 0 i n 

* 
* 

4-15-1 '.J l ') 
G-15-1 ~!2 7 'J ~ cal :- ,y .- ,t.__'i. l Ic n:JU : (liii l cs ) 

:_J r...~J cc l t c ri.i 1e ~ r (1 :.ilc s ) 
LJ r v ICC t C.JI. I• ;:;ctn.::ss ~~.:l lio 
lC ri .. l l:i L: . l ' \C'[ C ,; I c;v s t CI:J r ;ilc 

.' ..i l·~ r u...;cr s > 2.J .:1cr cs 

55 
1 . 55 
l ~)G 

4% 

~arlies t flow r i 0ht 
r\vcrorJe Fl o, Hi '] it t 
·ro t <J. l \ •.:: tc r 1'"10.1 Ri ·Jtlt 
\:a t C[ f:i ')llt L.ut:V 

USuu1C rb::;c r vuir ~)LX Dgc 
Usub1e ft:s c r voir ')t or .:i(") C 

324 cf s 
117 u/c:: .:.; 

~m. : s u-1 .:~ 

====:=======:.:=======-= ==== =-== =-= = =·=-======= =============== 

=== ===============:====== ~= == =========~=====~========= 

~I.Jtc r Diver t~~..1 t o P.r J j cct 214 155 6 . 42 100 
_j2·2;Jaqe iJ)SSt:S 47917 1. 2G 20 
0t--cL .:> tion.J l r,::>sscs 31426 0 . :13 lJ 
L'',)[. li L:>2l i vc r ies ]:~4 781 4 . 33 G7 
Litcctivt.:' lJr cci ;_:.. i t a tion 117J7 0 .31 5 
l '.:.t (. ;l :\ mo f f i n !'c turn f l01' 15915 0. 94 l S 
LC C~.> t-\~r coL1 tion 5'J645 l. JJ 21 
UviJ ;_;o truns pir <J t i on 1)0736 ? ")() 

~.J , 37 
l r r i ·_P tion ~!C-1Uir C!i·,c nt ?;3221 2. 0G 32 
~ 'r 0Jt:'Ct 'Re t ur n l''l0\11 G7341 1.77 2f3 
1)17 !~cserv·:; ir Stor ogc 2·1'1224 5.50 nG 
=:-=-= =========·= == == == ==================== == ============= 
l 'J't7 1:-' r ~)]Cc t conveyoncc Ef f i c i e ncy 67 'b 
U77 Project '\91;l i m tio n Lff i c i c ncy 47 % 
l 'J7 7 Pro:~ cct Irriga tion L:ffi c i c ncy 32 ~b 

1\ve r a .Je Fa r .n .l ·hl.::::o t Irr i q.::..)lt.: Llc va tion 
u ;,,c.:.; t I rr i .p ,'l l l: r ~l cv.J tion 

25'lG ft 
2LJC ft ~):) il---LO.:l lil 

· L cv~1liGn f• i fL:r :: ncc 350 f t .'\v e r J.nc ·--;oil 

Si ze 

t::J2p tn 

5. '1 :.5 otl~ 

77 

4 ~1 

Ucv.:.t ti on ~,;iU . I : ~ vs tc:, :I ii le l. J O f t/f;:; i .rwc sou ~vi s t llo1u inq C.:l p :2. 2 
t: l cv.::1 tio :1 Difference I ·'\ere 0. 009 f t i D 
-\'v CL :·X ' LJ n-1 c::l Of)C 50 -ts ( 0-3 {,) 50 1\ ( 3-llH) 

~ = =======~= ~ ~ ======= ============ ========= 

P-J L:.J L - :y:'~ k 1 Lcrq t il 
0 ''-' n clJ.:l nncl 
lin~ ! Cll.Jrmc l 
·i f£ 

1 i ne.J c k mnc l + 1..:i oc 
· .. ..: : 1a l · ,.:_:- tt ( ·' .J . -.r ~.'1 

t _:~: ;l,J l ·\ r c u 1 1 r r i :·1 '' r ec. 
:dx i .u1:1 jc<::JC: 'lC F'.:l t~ 

9 4 . t) -{, 

s.o ~ 
lJ • ( I '' 

Ll. c ~. 

33b .Jer e s 
ll . 8S % 
!l . 97 f t/c_i.::;·; 

325 c fs 
46 .1 a/c f s 

Cruvity Ir r i q.:1 t ed Wnd 
Sprinkler Irri<Jale a Land 
A£ S0S St:-:J W nJ 

rive r or C' .. :ma l 
-; roun::hv.:l t c r 
OU~<.! r 

Irri -Jated 

100 . () ~. 

0. 0 ~ 
o. c % 

JU 
10 

( IS, 77) 1J r) 

'-I U'.tbcr of iJi tcnr i ucr s G 
IrriC!at:ed l'.r e .J I Ditchrider 63JU 
rJumucr of \iut cr LJse r s I D . :1 . 83 

u<...r cs 

i ncl 10. f' 
i nl[t 
1, 
'-(, 

'-b 

. :.:1 :· i :m.L:: :..; i v~ r ..; iY. I :=ou..::c i t y 
l r r .i. :u t cd /\r e.:1 ;::t :o x C.u :) . 
- r:YJ c c t I rri :1uti u.1 ~ ·cus 
.:' r ..~jcct · r~Jt.:.t l lju ;us 

C) System Lcnq th I D. f' . 32 111ilc~; 

....! Xi:II U l ,-u:.,, ; , ):>':lu lY:i 

_, u·, :·;,.: r c.f :;ystc_;, 1'ur liuut s 
·,u r nouts I · ·i l c o f :'}{ :::; L~ ::i 

l rr i ·. 1c2 tcJ Ac r e~; I '.l'urrout 
'...'<b ~J r ·2•l 'l'UrJnu t:.; 

;,; t e:r iJi vcr t c .], 
· <.t tc r · . .Ji IT2 r t ed , 
'utc r ·~ l ivc: r cJ 

13 
6630 ho 

') 53 
4. ') 

1(' 

71 U 

r,i [ t ed , 
Lift2d , 
ot !li 011 

Turnouts fA::r Ui tcnr i tier 160 
Turnouts i ~asureo by !J . I\ . 74 1 . 
'J'Urno uts C'l'l·::c ked ODily 10lJ :;, 
t\vc rcl~lC ' iileuge I [) . f : . S') '~' ilc~u 'r 
u.n. r·1ilea9e I Sys tem rile l. 7\J r. ;pC:Vn.i 
i Ja tcr celivcry 'IYI?C -- c ontinuous 

or 1)r c s s ur i zcd 1v it ll Pr oject 1:\lJ:l ) S 44 % tolu1 
or LJr cssur i zc~ with 01 -f a r m l?u::ms 8 % tota l 
Pr es sure tJy i_>r o j ect 0 .. . ., total 

;f)[ in klc r :-::vs t eJ,lS lJr: css u r i zeJ L~; Pr oJ '~ct 0 ~ by F.J r ms l iJO 1\ 

?07 



********************************************************************** 
* 
* 
* 

* 
* 
* 

********************************************************************** 

=~======~==~==============:============================================================ 

l\cij us ted l'J77 costs $ $/acre $/mile $/user $/af %0&'1 %sys tem 
======================================================================================= 

1977 O&M Assessment 460820 12.12 2375 929 1.887 
(1) Administrative Cbsts 72309 1. 90 373 146 o. 296 lB 
( 2) !.vater Control Cbsts 76030 2.00 392 153 o. 311 18 
(3) 1a intenance Cbsts 26J(il5 6.94 1360 532 1.081 64 
(Li) '\ru&ual [b \;Or Cbsts 39208 1. 03 202 79 O.lGl 
( :)) ~;esc rvcir 0& ~ :.~osts 22071 (J. 58 UA 44 o. (] ') 0 

l'u t ul ~ ~·& : ! 2u:.> t s ( 1 + 2+ 3) 
l'utL! l HOJ cct Cbsts (1+2+3+4) 
·J ·uta l Syste:Ti Cbs ts (1 +2+3+4+5) 

412154 
451362 
4 73433 

10.84 
11.87 
12.45 

2125 
2J27 
2440 

831 
lJ10 
955 

l.G88 
1. 840 
1. 93g 

100 

=====~================================================================ 

====================================================================== 
t\ .....: J u~; t cc1 1')7 7 Cus t:; $ $/acre %totu1 

====================================================================== 
t\Ji:l inis tr c:. ti vc R!rsonne1 Costs 54905 1. 441 283 20 
;;otcr ~...ontro1 tersonncl C:o:.'Jts GOSJS 1. S92 312 23 
i ;<.liltL:: ni:mce ~rsomcl Costs 152401 4.007 73G 57 
'1\..)tCll Personnel Costs 267841 7. 043 1381 0 

==================================:===============~=================== 

l<:r::>onncl .w bor :·-:eq uire.11ents Ji1anyc.1r s ;ny/a ray }11i %total 
~==============================================::===================== 

i'.uil1ini:; trc:;ti ve L.1tor 3.80 0 . OOOlCJO u. ul9ss n 16 
~i.::Iter Cbntrol L..'1bor s.5u () .000145 O. L)28 351 24 
.. .Jinte nance w i...Jor 14.10 o. 000371 o. 072680 60 
'i'..J t a l a-oject r_._, bor 23.4 0 0 .000615 O.l206Hl 100 

i\ve r a;;e t-ersonncl Cost (totul $/total Jiy) $ ll44G I ye-1 r 
====================================================================== 

====================================================================== 
.: li SCELLAL ·1 COu () 

====================================================================== 
.. \~ Jus te-J 1')77 ·:osts $ $/acre 

===================~::=============================================== 
J,~ i n t c: na nee uterials l_)urcna.3cd 55921 1. 4 7 28 8.25 14 

t r v ject venicle & f~q ui 1:· ueprec. 23407 o. 62 120.65 G 
ilired Velticlc [ , !1)ui£) 1Jeorec . 443d 0.12 23.13 l 
'i 'otal Ve hicle .. Eq uip Depree. 2780 5 0 .73 14 3. 79 7 
====~================================================================= 

l'JTJ £-'o·.-.cr Cbn::>wn!.Jtion 11260000 kwh 29C kwh/& 5.1 041 kwh/mi 
l ') /7 Project l:bv>'er 2osts " J920'3 11 . 0035 $/h.:h ,• 
l 'J Tl ::: rq.~ value $ 1: 597000 226 ~/a 
l '.Y/7 ::rOi_:-~ Ve>luc 35 $/of t)5 $/of of L'l' 

15 
16 
5lj 

'3 
s 

8 7 
9 5 

luu 



*** ******************************************************************* 
* 

* 

* 
* 
* 

k********•************************************************************ 

hn Irr h .::: t0J l'cr c::-
1 J77 \ss~_:;scJ 'Y.; rcc. 
.l'l .. tr.~l (;ys t :-J! t l0n!J ti l ( ro~ i.lcs) 

i.' r uJcct i.~rir. t<::tcr (r. :iles ) 
t·• f -::...jc ...::t ·~:J,:O .::lCti1CS c.> '~a tio 

Jtriqo t~J 1\Cr c:::. 1 systc r.1 r·H c 
, ;.1 t_·r LJscr :; > )ll ucres 

28G5 
51. 0 

21 
~~ - 31 

4G 
25 

Jonfcacr .J l ~rig in 

i:<Jrlicst Fl::>w :~i ,1ht 

"Vcr.Jr)e Fl ow !Urynt 
'lb tul hcJ ter flow Ri r1t1 t 
.w tcr r· i (Jllt 1:uly 

l2-2~-l. ~1J 
12-2~-1~13 

Us.Jole i~sc rv0ir s tora0c 
tJsa/.)le r-£se rvoir :·; t ,X.JC1 C 

SU c fs 
47 -;cf s 

20lll)\J i.li 
12. 24 uflu 

=========~==================~========================= 

i\F /\F I". 'tr-JFLOP 
~==========================~==~==================:===~ 
. !~t.c; r ui vcrt:::u t o Pr ject 895fi 3 .78 lO U 

·t:C~'u!JC i.DS::JC:S 0 o. oo 0 
,)~={. r ...; tiona1 LJSSC:S 1174 0. 50 L1 
j .'J[t.l J2liveries n :;2 3.28 J 7 
d : fecct i vl? t-~rcc i~.Ji lcJ tion (>4 1 u. 27 7 
,·" r ... J:o..ln(,ff in r-(~ turn Fl C!o,' () 0 . 0() l) 

J~C.J 0-~ r col.) tion 2~U2 l. L)iJ .2-! 
; Vctpo trun:;tA r u tio t· 60U7 2. 53 (, 7 
lr r i cJa Lion !X ... ":) Uirei' Cnt: 52rll 2. 23 59 
o.TU'JCCt i.ctur n L:lcw 1174 0. ')0 13 
U/7 Cc!..icrv·.::> ir Jtur<:~cJc J 'JJ65 ... . 17 21(, 
======~==========~======~==~~====~~=~~=========~===== 

l J77 L' r O]CCt :onvcy<:~ncc Cff i c; i <;.· ncy P. 7 'b 
U 77 ,; r ojcct : ppl iccJtior. r fficicncf ti :} :.:, 
1J77 i'rOJCCt Jrri.:p tion i,f::- id2ncy 59 '{, 

=====~====~==~ =~== == ==================~===== 

i \, .;L 1rr i )'-':;lc f':l~v.::.: tion 

u.]. ,_- t I r r i :·;_L>k ! 'lt:·v:. tion 
:.54U [t 
:. no t t 

• .L·/{_ tiU< l 1 j[ ~ ·.: t c.: I'!C.~ J 7(' [t 

.L: ·.- ....: ti c,n ,;if:·. I ~y: ... t-::cr t . 'ilc J • .3J f tl .1 i 
J L'V\: L i <)IJ .: i !' [, [ C' i\C·.:.· I ,\cr~ :) . c : 7 ~) [ tla 

'\ J· _' r.Jr;c- r.~n ~ ·,.iu1: c 20~ ( O-J~ ) 30¥. ( .}-11-,'t.) 

======:===~===;====~===================== 

lo c..J.l :~yst.::.- · :, Lc nJ lh 
1.l_>~l1 ·.:liC:I1rt0l 

1. in·..,, i c~ .J nnol 
I ,i _..._: 
.Li ,·, : .: Ci Jnrc:l ~::-i ~:·c 

.'Jr1 .. l ;,Cttc:.! ''.r <~.:: t 

,':J:Li l ' ·C 'C: / Er rin ·~r c:.: 

t.J.\i1··u.1 ~~.;c:)\,.i ' l~ ··Dt\:' 

.~·-: iiiU~I :~i v:- r.,io.-. Ca JJ.citv 
JC[j <j.JL.)) \ f ::! ,l d l ".J ': \J. :J . 
_ r cj<'·,-:-l Irr i'l.J ti •.)n ·::ell.:: 
·' r ... _,c;c l i') tJl eu. .t ,,, 

.::: i.¥. lt:! ::--u : J LC •' t.tnJ 
tLl. ':./~ 1' ·J f . ~\IJ l.~.)~i! ''?ULll<) ~t ~-~ 

_ .lL1:;u t : I :lil-:· o: ··:-, ~:; t-: .. 1 

t r r i ~;[ t . ~ --~ 1.::r _...; I '1 ur nuul 
· ·c:.J .·.urcj ·t ·urn.;ut~ 

51. 0 
10() . 0 

u.o 
0 . 0 
o. u 

37 
1 c·r 

• ) :"J 

(1 . s 1 

f, 
J~· . 

' 
r. _, 

·j 
(J 

r.ril c~s 
\'; 

~~) 

t 

:::::: r ~::. 

''· 
[ tl•li.T / 

cfs 
a/c .Cs 

\] h ~­
l .'L_l 
' r· ~ • I,. ; 

~vcro ~c ~a r~ ~ izc 
::0 il---[.0<1' •. 

/wcr u 1Jl.' :;c.il !...Cpb1 

.'\vc :JOi L · ·ohj t Liola ing C<.~) 

(~ r o::w ity IrriC1.:t lc0 L..1nd 
Sj:x inkler Irriqc1L.:d L.:.m:l 
Assc5seu Lana irriguteu (1 977) 

W!\TER SOURCC 

river or CJn.Jl % . 0 ¥. 
~ rounJ:,t'a Lc r U. O % 
Oth(:r ·1.U 't 

'~u inctlc< 
~: . l inlf L 

4(J 1.1 

BJ ~ 

=== =======-=:.;============= = ==·======== === 
i !UlH;;er cf Gi tcr1 r i ae r s 
Irri1J.:lt2J Ar:Cu I oitcl. ri t.:c r 
:.Ut:ti.X!r of (-.::t t c r J3crs I c .:: . 
rvs t-=;0 l...OnCjUl I L,.["': . 

I ur routs [A; r ~ ~i tcur i tler 

l 
2'3 7 ~1 

~ ') 

Sl t: ~ ilcs 
l J() 

'turnout:.> ''c.Jsurcu by IJ . l~ . lO (r " 

'l' ur mut s Cll:-ckeu ..Juil-; l 01J .., 
;·wc r .Jqc : 1ileugc 1 u . P. 17 L i/ d~l>' 
U. R. ~lilc.J.qc I Sy:; t e t.l ~·,ile C. J'~ r. . :.-~/ n~ i 
.;a tcr ,:_,2livcry· 1y~x -- Con t.:inuvus 

,;cl L... r -' i v~ c t c:: , Li ft•::- •_. , or t'r c::;s tr i z..:t: \J it 1 i:'U.Jjcct t·Utll:-?3 u i:, total 
. ,) ( ('· (' ,..Ji vcr t.cz1 , L,i ftcd , ( J[ 1?r c~sur i zc:; \v'it!J 0 1-f.J L :l ~1 :\Ji n:)s 40 b toti.ll 
I 1t~r Lic l i ·x~r ed J t : li qh Pr essure :.'I ~ -·roj ect. () % tot<J l 
.J 'r i nklc r ."'r;;s l c:,;s L>rcssur iz c~d by Fr ojc·c t \) ~ uy f.J!r.IS 1110 ~ 



********************************************************************** 
* * 
* Ll'I'I'LL: \'.'lLLO: .' H!.I 'F ;i\'J'J. I ,) l~:l'I'P.J CJ.' * 
* 
********************************************************************** 

=====~==============================:~==========~================~=====:=============== 

===================~=================================================================== 
ujc:; tcd U77 C.Jsts $ $/ucre S/i.lilC' $/user $/uf t, :.;ystefl1 

b77 , )&·1 '\3S2SS.:1Cnt 23710 10.01 ,1•55 940 2.648 
( 1) ·\J ~~ini.str.:1tive Cbsts 2477 1. OS 49 ~9 (} . 277 9 ') 

( L) [).Jter :=ontrol c::>s ts S567 2.35 109 223 0.622 20 ~c 
13) 1C1int2nan~ ·2o.:;ts 198'-):1 8 .40 3 ) L) 7% ') ')')') 

/- . L- .t- ~ . 71 71 
( .~) "\ nnu.::tl bOI/o~( ,:::-Js t s 0 CJ . OU tJ 0 u. ()()() tJ 

(:j ) . ~~servoir \"! 
\..J l ~·')Sts 22~ 0.10 4 9 0 .025 1 

===== ==========-==-=======================================================-=====:::.==-==== 
.l·o ca l • J~:, .-1 2:)5 t s ( 1. ·1· 2+ 3) 
j'.Jto l [-'roject <~st.:; (1+2+1+4) 
r.JL::. l svs t c ·1: C'0st.; (1+ 2+3+4+5) 

.(;7042 
27942 
2S170 

11.79 
11.70 
11. B9 

')·18 
S·18 
552 

1113 
1118 
1127 

3.120 
3.120 
3.145 

100 

=======~=========:================================================:=== 

========~========================:==================================== 

.'\u Jus teJ 1977 Costs $ $/acre $/I:ri.le ~tot<J1 

·\u· :1inis tr ,Jli vc &rsonne1 costs 152-i 0.643 30 12 
i lCJter '.::'ontro1 t-ersonne1 Co.:.;ts 388 3 l.G41 76 32 
b intcnunce fe rsomel Costs 68 71 2. g r) 9 135 56 

l ·..;t<:tl tJersomel cas ts 12283 5.1JJ 21 1 0 

1:-'2 r:.>onn21 Ulocx Re~uirements r..c:.nyear 3 ~total 

========================================================:============= 
/\~ .. :1 inis tr ;:; ti vc wbor o. 25 u . OU0105 0.004~02 19 
;;.1c.er ...::ontro1 Laoor 0.42 0.000177 0. 008235 32 
la inc.c nance [abor o. 65 0. OOG274 0.012745 4 9 

TOt.J l f-roj,:ct U.1bor ].32 o. 000 557 o. 025:31'2 100 

/\Ver.J <._~C F~rsonncl Cost . (total S/total ny) s 
~ 9305 I ye.:1r 

=:-::.====~=============================================================== 

==-====:.::=-==================·====================================-":====== 
·\_!J us t ·::J 1977 :Osts :,; ;~ere S/mi 

··,a inte n...~nc\2 ~ -tl. ter ials i)urchaseo 378~1 1.60 74.20 14 
vr u jcct Vehicle & ,:qui p ueprec. f) :: .00 o. {)l) l) 

,Jircc1 Vehicle t< lJ:juip D?()rec. 20B7 ~) . 38 40. 92 7 
l~L.:ll ·vehicle & f:b Uir:l 1.JC p rec. 2037 0.88 10.<:12 7 
=======================================~============================== 

1 '0 77 <Jt)viCr c::m s Wllt-J tion u k\·lii 0 kwh/~ () kwh/mi 
lJ77 c>roject 8J>~er Costs $ 0 .).0000 $/kwh 
1)77 CrV~) \l.:.t lue $ 5590Ll0 236 S/a 
1977 CrO~'l Value 62 $/~If 93 ?/af of E'l' 

==========~=========================================================== 

'l1n 

)') 
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• 



APPENDIX C 

1977 EVAPOTRANSPIRATION AND CROP INFORMATION 
FOR COOPERATING IRRIGATION PROJECTS 

Enterprise 

Parks & Lewisville 

Osgood 

Idaho 

Dans kin 

Burley 

A & B 

Milner Low Lift 

North Side 

Wood River Valley 

Salmon River 

Cedar Mesa 

Bell Rapids 

King Hill 

Settlers 

S. Board of Control 

Little Willow 

211 

page 
212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 
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:=======:======~=============;================================================================================================ 

1977 Crop Infor,uation 

t:t..JTEP.PRIS£:: IRRICATION DISi'RICl' 

===================================================================================--========================================== 
============================================================================================================================== 

'lotal 
(Ref) 

Alfalfa 
Hay Seed 

Dry Field Cbrn Pasture Peas Potatoes Sugar Spring \•linter Cl1ions Sweet Other 
Geans Corn Silage Beets Grain Q"ain Cbrn 

=====================:======================================================================================================== 
Crop Acreage (acres) 5972 1176 91 2352 1130 1223 
Crop Distribution (%) 100 20 2 39 19 20 
2rop Planting m te 3-25 3-25 5-15 4 -5 3-2::· 
£ffective Cover uate 4-25 4-25 7-15 7 -8 7 -1 
Harvest ca te 6-25 10-30 9-20 8-17 8-10 

8-14 
==========================================~==================:=============================================================== 

tlontnly EVapotranspiration (indies) 
April 7. 612 6. 472 5. 482 0.000 1.079 2.057 
i•1ay 6. 786 G. 78b s. 903 0.374 2. 714 3.934 
June ~.488 7.469 7. 384 2.545 6.451 6. 960 
..iuly 10.044 8.535 8. 739 7. 335 8.035 7.835 
Auqust 8.800 6. 599 7. 652 6.070 l. 786 o. 740 
Septemoer 7. 327 7.180 5. 374 3. 812 o.ooo u. 001.) 
V:tooer 5.285 5.285 4. 597 0.597 o.ooo o. 000 
'.Co tal 54.341 48. 325 46. 130 21.234 20.065 21.527 

===;::=======================================================:================================================================ 
Crop YielJ (units/A) 
1~77 Price ($/unit) 
1~77 Croo value ($/A) 276 

3.00 
49.40 

148 

6. 00 
5.40 

32 

168.00 
2. 90 
487 

61.00 
2.25 

137 

61. uG 
2.25 
137 

=========================================================================================:=================:================== 
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===========================~=======:==========:====================================--==:======================================= 

11J77 CroO;) Information 

.PARK""> & LE'.-i!SVILLE I R f~l<ATI Cl'l Q) . HJC. 

================================================~=========================================================================;:= 
:============================================================================================================================= 

'lbtal 
{Fef) 

Alfalfa 
Hay Seed 

Dry Field 
.Beans Corn 

Cbrn Pasture 
Silac;:~e 

Feas Fota toes Sugar Spring \'{inter Onions Sweet Otner 
Beets Grain Q:" a in corn 

============================================================================================================================== 
Crop Acreage (acres) 8500 2000 2250 4250 
Crop Di s tribution (%} 100 24 26 50 
Crop Plantin~ Da t e 3-25 5-15 4 -5 
Effective cover Date 4-25 7-1 8 7 -c 
£-iar vest LB te 6-25 9-20 8-17 

8-14 
==========================:;======================================:=================================~========================= 

:·lonthly Evapotranspiration (inches ) 
April 7. 612 6.472 o.ooo 1.079 
i1ay 6. 78fi G. 78fi o. 374 2. 714 
JW1e 8. 4BP 7.469 2. 545 6.451 
July 10. 044 8. 535 7. 835 8.035 
A.ugust 8. 800 () . 599 6. 070 1.786 
Septemoer 7. 327 7.180 3. 812 0 . (JJt) 

0ctooer 5.285 5.285 u. 597 O. OGO 
Total 54 • 341 4 ~ • 32 5 21.234 20 . 065 

============================================================================================================================== 
C.:rqJ Yield (unitS/!\) 
1977 Price ($/unit) 
1~77 Crco value (S/A) 

4. 00 
49.40 

364 198 

275.00 
2. 3(J 
798 

95.00 
2.25 

214 
=====================:;======================~========================================================~=============~======== 



N ,_. 
~ 

============:======================:====~=============:======================================================================= 

1~77 2r00 Infor~atior. 

\..13C'.JCD CZ\N.t..L W. (d&I SU~~N~ 2J .) 

============================================================================================================================== 
===============================================================================================================:;=:=========== 

'Ibtal 
(Ref) 

Alfulf.J 
rlay Seed 

Dry Fiela 
Beans corn 

Cbrn t>asture 
Silage 

1-'eas Potatoes Sugar Spring v7inter Onions sweet 
ueets Grain Q" ain Corn 

Other 

============:================;================:=====================================:======================================== = 
Crcp Acrea~ (acres) 6218 74 2137 2072 1~ 3 S 
~rop Distribution (%) 100 l 34 3J 31 
.:rq_;, ?lantin-: ca t e }- 25 5- l S 5 -1 4 - ) 
~ffective ~over Date 4-25 7-18 7-2 tl 7 -s 
£-far vest Ql te 6-25 :J-20 l U-10 [~ -17 

d-14 
=======================================================~====================================================================== 

April 
' lay 
Jw1e 
July 
August 
3epte'llber 
cxtooer 
Total 

7. 612 6 . 472 
G. 7o6 6 . 786 
1.3 .438 7.469 

10 .044 0. 535 
8. 800 6.599 
7.327 7.160 
5.285 5.285 

54.341 43.325 

i•lontnly EVa potranspiration (inches) 
0.000 u. OtiO 1.079 
0.374 0. 883 2. 714 
2.545 3.397 6 .4 51 
7.335 7.229 8 . 035 
6. 070 6.363 l. 766 
J. l312 5. 641 0.000 
0.597 1. 456 0.000 

21.234 25.469 20.065 
======================:================================================================================================~z===== 
Crop Yield (units/A) 
1977 Price (S/unit) 
1977 Croo value ($/A) 

3. 00 
4~.40 

340 14J 

205. 00 
2.90 

S9 S 

15.30 
1:>.34 

:235 

80.00 
2.25 

laO 
===================================================================================--========================================== 



================= ========= ======== ========================= ============================================= =========~============ 

1977 Croo Infor ma tion 

I uAdO I ~ R I GiWl() ~ iJ I STRICf· 

=:===============================================:===============·============================================================= 
============================================================================================================================== 

'Ibtal 
(Ref) 

Alfalfa Dr y Field Corn Pasture Peas Potatoes Suqar Sorinq \·linte r Onions Swee t Ottler 
Hay Seed Beans Corn silage Beets Grain CL a i n Corn 

================================================================================~=:=========================================:= 
Lroo Acre a9e (acres) 35600 5320 400 580 320 11780 43() 9230 7S40 
Crop Distribution (%} 100 15 1 2 1 33 l L6 21 
CrOP Pla nting Date 3-25 5-20 J - 25 :, -1 5-1 5 5 -1 4 - 5 J - 25 
e ffective 2ove r Date 4- 25 a - s 4- 25 7-1 5 7-18 7- 24 7 - 8 7 - l 
tl arvest CB te 6-25 10- 25 10-30 9 -1 9-20 10-1 0 8-17 5-10 

8-14 
~ =========================================================================================~==================================== 
~ 

·1ontn1y Eva~otranspiration (inches) 
1\ pril 7. 612 6. 472 O. CJ OO 5.482 o. 00\J 0.000 o. ooo 1. 079 2. 057 
•vJ av 6. 78G G. 7a6 0 . 549 S. 903 0 . 814 0 . 374 0. 883 2. 714 3. ':13 4 
J une 8. 488 7.469 2. 888 7. 384 3. 311 2.545 3. 397 6.4 51 6 . ':t60 
J uly 10. 044 8 . 535 7. 534 8 . 739 8 . 836 7.835 7. 229 8 . 035 7. 8JS 
!\U<]USt 8.800 6 . 59 Y 8. 621 7. 652 2. 726 6.070 6. 863 1. 786 o. 740 
:.Jc ptember 7. 327 7.18 0 S.cl61 6. 374 0. 000 3.812 5. 641 u.uou U. UUu 
C.Ctober 5 .285 5.28 5 1. 790 4. 597 0. OOJ 0.597 1. 456 o.ooo o. 000 
Total 54.341 48. 325 27.242 46.130 15.68 7 21.234 25.469 20.065 21. 527 

===========--===========================================================================================================~====== 
~rop Yield (units/A) 
1977 Price ($/unit} 
1977 Cr o.o Value ( $/~ ) 302 

4.00 
49 .40 

1 98 

17.00 
10.25 

174 

8.00 1~.00 192 . 00 16. 00 76.00 
5.40 12.00 2.90 l 5 .J4 2. 25 

43 228 557 24 5 1 71 

76. uG 
2.25 
171 

=============================:=============================================================================~================== 



============================================================================================================================== 
1977 Crop Infor111ation 

.LANSKI~ !)l'lCH ill~IPANY 

=============================================================================:==:=::========================================== 
============================================================================================================================== 

Iota! 
(Ref) 

Alfalfa Dry Field Cbrn Pasture Peas Potatoes sugar Spring Hinter unions sweet Otner 
Hay seed Beans Corn Silage Beets Grain Grain corn 

============================================================================================================================== 
Crq:> ocred~ (acres) 4730 .,40 170 1640 625 950 405 
Crop Distribution ( ~ ) 100 20 4 35 13 20 ~ 

ere,::; z?lancino ua t-? 3-25 S- 20 3-25 5-l') 4 -5 J-25 
~ffective COver Date 4-25 8 -5 4-25 7-18 7 - 8 7 -1 
uarvest LB te 6-25 10-25 10-30 9-20 8-17 8-10 

8-14 
~ =============================;================================================================================================ 

r.]onthly EVapotranspiration (inches) 
APril 7 0 612 6o472 OoOOO 5o 482 OoOOO 1.073 2o057 
:·)ay 60 786 6o 786 Oo549 5o903 Oo374 2. 714 3o ~34 
June 8.41:18 7.469 2o888 7o 384 2o545 6.451 6o960 
J·uly 10.044 8. 535 7o534 8. 739 7o 835 8.035 7o835 
.t..ugust 8o800 6. 599 n 0 621 7.652 6.070 1. 786 Oo 740 
.:>eptember 7.327 7.180 5.861 6. 374 3.812 o.ooo 0.000 
CCtober 5.285 5.285 1. 790 4. 597 0.597 0.000 0.000 
Total 54.341 48. 325 27.242 46. 130 21.234 20.065 21.527 

===========:==========================:================================================================================:.=:==== 
Crop Yield (units/A) 
1977 Price ( S/uni t) 
1977 Crql_ \alue ($/A) 

4. 00 
49.40 

189 198 

80.00 
2. 23 
178 

8.00 
5o40 

43 

200.00 
2. 90 

580 

80.00 80.0() 
2.25 2.25 

180 180 
=======================:================~=========:=========================================================================== 
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===~======================::=======================================================;==================:======================= 

1)77 Crop Information 

oLJRLEY I RPICA'l'IIJt'i IJ ISTHICI' 

============================================================================================================================== 
============================================================================================================================== 

'lOtal 
(Ref) 

Alfalfa Dry Field Cbrn Pasture Peas POtatCX?s Sugar Srxing Y..linter Onions sweet Otiter 
Hay Seed Beans Corn Si laae Beets Grain c:r ain Corn 

================================:==============================--============================================================== 
Crop Acreage (acre s ) 
Crop oi s tr ibution (% l 
Crcp !"lantinq Date 
Effective Cover oatl! 
hurvest cate 

4144(; 
100 

8186 115 
20 (j 

J- 2;J 3- 2:J 
4-Lu 4- 2t) 
6-20 10-30 
a - s 
~-25 

8 729 
21 

6 -1 
7-20 
~-15 

190 3775 3289 
0 9 s 

5-10 5-] (j 4 -1 
8 -1 8 -1 ~ -1 

10-10 10-10 l U-30 

421 
1 

4 - 1 
6-15 
8 -1 

750 46 36 
2 11 

5- 20 4-1 5 
7-25 7-20 

10-10 10-15 

6435 
16 

4 -1 
G-15 
8-10 

42&2 
10 

3 -5 
6 -5 
8 - 5 

27 
0 

~ - E 

s -l 
Sl- 2J 

561 
1 

4- 26 
7-22 
3-15 

44 
lJ 

5 -1 
7-lv 
8 -1 

============================================================================================================================== 
tv.lonthly EVapotranspiration (inches) 

l\Pril 7. 897 7.184 7.184 O.LlOO 0.000 o. 000 4.977 0 . 86 7 0.000 0.367 1. 658 3. 315 3.002 0.183 o. 6t:i8 
t,lay 5.647 5.647 5.647 0.000 0.923 o.nJ 4. 910 2 . 315 0.281 1.184 3.332 4. 349 4.235 1. 46':} 1. 692 
June 8.455 6 . 761 8.455 1. 438 3.718 3. 718 7.355 7.522 1. 776 4. 228 7. 017 6.594 3 . 370 4. 989 5. 242 
July 8. 515 7. 921 3 . 515 6.814 7.067 7. 06 7 7.408 2 . 897 5. 960 6. 387 3 .320 1. 790 7. 323 7.835 6 . 643 
l\uqust 7.660 5. 594 6.123 5.517 7.506 7. 506 6.664 0.000 5. 594 5. 899 0.281 0 .130 3.446 3. 77 -j U. OuU 
Septemner 6. 578 5 . 7g7 3.947 o. 550 4. 802 4.802 5. 722 0.000 3.751 5 .067 o.ooo o. 000 u.631 0.000 O.Ouv 
October 5.114 4. 345 2.046 0.000 0.838 o. 838 4.447 0.000 o. 740 2.022 o.ooo o. 000 u. 000 0.000 O.O Ou 
Total 49 . !365 43. 2 39 41.916 14.318 24.854 24.854 41.483 13.601 18 .1 02 25 .152 15.60716.178 27.006 18.256 14. 245 

=====================:===================================================================================================~==== 
Croo Yield (units/A) 4. 50 4. 00 16 .SO 8S .O(J 17.00 10 . 00 22. 0(.1 325 . 00 17.00 84 . 00 34.00 ]lJ\").00 S.OlJ 15. Gu 
1977 r rice ($/unit) 4 9. 40 1U5. 00 11.40 2.23 10 . 25 5 .40 12.lJV 2 . ~0 15.34 2.25 2.25 2 . 60 53.()\ ; 16.Ul, 
1977 Cr09 l.el ue ( .5/A) 208 222 420 l <3R 190 174 54 2G4 943 261 H9 l (j9 78t1 2G S 24t) 
=========================================================================:======:=======================================~==~= 
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============================================================================================================================== 
B77 Cro~ Infor mation 

i\ & 6 IRHI GA'I'IO:J DI S'l'RICT 

=======================================================~=================~=======;;===================================~===== 
=============================================================================================;:==============================~ 

'lt>tal 
(Ref) 

Alfalfa orv Fielu Corn Pasture f€as Pota toes Suqar Spring Winter Onions Sweet utl1er 
Hav Seed Deans Corn silage Jcets Grain Grain Ct>rn 

=======================================================================================================================~=~==== 
Crop .~reage (acres) 73654 14':l24 91 5604 1400 9<:11 785 6C4 11404 2758G 4870 136 7 
C rex' Dis tr i Lu t ion ( !is l l C'J 20 J '3 2 1. ~ 15 ·n 7 u l! 
-~ r oo PLntinq ,)ate ~ .. , .. , 

3-20 6 -1 S-10 4 -I 4 -1 5- 2 4-1 5 ~ -1 3 - 5 4-l 4- 26 ::., - l .J-L.. u 

e ffective Cover uate 4-2L) 4-20 7-:w 8 -l 5 -1 G-15 7-2 7-2U 6-1 5 t) - 5 a - 7- 22 -/-lU 
Harvest ca te 6-20 10-JO 9-15 10-10 10- 30 8 -l ltJ-1 1u-1s 3-10 i.l - 5 9 ..., -L. J -1 5 0 -1 

0 -5 
'1-25 

============================================================================================================================== 
~':ont!lly Evapotranspiration ( incnes l 

,:\pr il 1.897 7.184 7.134 0. 00() O. OOG 4. 977 0 . 867 U. 0u0 0 .367 1. 658 3. 31~ J . uuL 0 .18 3 U. 668 
;'laY 5. 647 5. G4 -; 5. 64 7 c.ooo 0 . 923 4 . 910 2. 315 0 . 281 1.134 3. 332 4. 349 4.235 l. 4G9 1. 6~2 
June 8 .4 55 6 . 761 8 .4 55 1.438 3. 718 7.355 7.522 1. 776 -i.223 7. 017 6 . 594 8 .37G 4. 989 5. 24:.2 
July 8 . 515 7 . '121 8 . 515 6 . 814 7.067 7 . 41.)8 2 . 897 5 . 960 6 .387 3. 320 1. -; j(j 7. 3L.3 7. ~335 u. 64 3 
August 7.660 s. 594 6 .123 5.517 7. 5U6 6. 664 o. 000 5.594 5.899 0.281 U.l30 3.446 J. 77'-J o. ou~~ 
Sep temoer 6.578 s. 787 3. 947 0 . 550 4. 802 5. 722 o. 000 3. 751 5.067 u.O UCi 0 .000 0.631 o. 000 O. Ov U 
·Jctober S.lH 4. 345 2. 046 0.000 0.838 4.447 o. oou 0.740 2.022 o. ouo u. 000 o.ooo o.ouc u.unu 
Total 49 . o6S 43 . 233 41.91G 14.318 24 .854 41.433 13.601 18 .102 25.152 15.607 16.173 27 .UOfi l 8 . 25G 14.L4) 

======================~=================================~~=======================================================~========== = 
Cr09 Yielo (unics/A) S. uO 3. uo 18.40 17.50 12. 30 24 .10 233 . 00 17. / (J 8 7 .0C 8 7.00 D. OU 6 . 30 12.uu 
1~77 Price ($/unit) 49.4 0 Hl5.00 11.40 10 . 25 5.40 12.00 2.90 15.34 2 . 25 2 .25 2. (jQ 5 1. 0\; 16 . l}.J 

U77 Cro p ir::tlue (S/A) 2')':) 247 315 210 179 66 280 6:10 nL. 196 196 0 334 1 ,~") 

=====================================================================================================~======================== 
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~===============~========================:==========z=============================================:======= ==========~==~===== 

Ui7 2ro9 Infortr,ation 

;. l i L ·:~t: e W I--: LIF1' IP~I C:ATIJ · J t:.liS'fR ICT 

================================================•===============================================~============================= 
=================~================================================================================================:=========== 

Totc.l 
(h'ef) 

Alfalfa Gr y Field Cbr n Pastur e Peas POtatoe~ Sugar S-pr inq Pinter Onions Sweet C)tnec 
Hav Seed f.;eans corn silage Geets Grain Grain Corn 

~============================================================================================================================= 
Crop Acrea~e (acres) 13480 1420 6100 130 30 200 040 690 220 207Ll 1580 l C 
Crop Uistrioution (t) 100 11 45 1 0 1 7 s 2 15 12 
Cr q:; Pl antinr; w t c 3- 20 5-Lt) ~-lU S-10 4 -1 4 -1 5-2J 4-15 1\ -1 J - 5 ' ., o.:- -L. 

Effective Cover u~te 4-20 7-lu 8 -1 g -1 s -1 G-15 7-2 5 7-20 6-1 5 6 -5 7- J. 
Harvest Lnte 6-20 ~ -5 10-10 lll-1G 10-30 8 -1 10-10 10-15 8-10 8 -5 c.-1 

3 -5 
9-25 

============================================================================================================================== 
l'·!Ontl1ly Evapotrans?iration (inches) 

April 7. 791 7.091 o. oou 0.000 0.000 4. 908 o. 855 v.UOO o. 648 1. 637 3 . 274 o. 223 
t-..; c.v 5. 68 3 5. 68 3 u. 232 0 . 887 0 .887 4 . 943 2. 331 0.285 l. 420 3.352 4 . 377 1.477 
June 3 . 720 6 . 'j77 2. 965 3.837 3.837 7. 58 5 7. 759 1. 8 33 4.533 7.237 6 .802 5.14'1 
July 9 .426 8 . 767 8.767 7.82] 7.823 ~ .2 02 3.206 6.599 7.071 3. 678 1. 981 8. 673 
August 8 . 018 5. R54 3. 767 7.860 7.860 6 . 977 U. UOJ S.CiS4 6.176 d . 932 0.138 4.iJ03 
3eptenu.Jer 6. 569 5. 779 0.126 4.794 4. 794 s. 714 o.ooo 3. 743 5. 058 o.ooo G. 000 0.000 
0:: toocr S.llO 4. 345 0. 000 o. !330 o. 830 4. 447 0.000 o. 740 o. 224 0~000 o. 000 O.OOli 
'lotal 51.318 44.4% 15.857 26.030 26.030 42.777 14.151 19.054 25. l2R 16.836 16.573 19.525 

============================================================================================================================== 
Crq; Yielu (uni b/A) 5.00 18.60 90 .00 17.00 1u.oo 22. 00 300 .00 17.30 BO.UO 60 .00 6.00 
1977 t>r ice ( ~; /unit) 49.40 11.40 2.23 lU.25 5.40 12.00 2.90 15.34 2.25 2 . 2S 53 . 0Li 
l:J77 Crq::> \elue ( S/,\) 243 247 212 201 174 54 264 87l) 265 18(1 18(; 318 
========::==================================================================:=====:===============================;===~======= 
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============:==========================================:;===========================================================~======== 

l-J77 Croo Information 

L~0Hl'HSIDE 0\t-lP..L orr~l\:'JY 

==============~=============================================================================================================== 
============================================================================================================================== 

lotal 
( Ref) 

Alfalfa urv field Cbrn Pasture Peas Potatoes Su:Jar St)rinq ~.inter Onion.s sweet 0ttJer 
Hay seed Beans Corn Silaae Ue~ts Grain Grain Corn 

============================================================================================================================== 
Crop Acreage (acres) 149340 33600 1670 20730 5'17Ll 3080 16160 303 0 1SJ7v 3340 23240 18710 4390 
Cr~ Distribution (%) 100 22 1 14 4 2 11 ' ) 

L. 10 2 Hi 13 3 
Crop P1antino, Date 3- 20 3-20 5-20 S-10 5-10 4 -1 4 -1 5-20 4-15 4 -1 3 -5 4-26 
8ffective Cover 0atc 4- 2(1 4-2u 7-10 3 - 1 ;i -1 5 - 1 6-15 7- 2':-. 7-20 6-1 5 6 - 5 7- 22 
dc r ve::; t r.ate ti- 20 lU-30 ') - 5 l U-ll) l J - 10 lu- 3•J c_; - 1 1.0-l l.) 10-1 5 J-lU i3 - 5 o-15 

8 -5 
~-25 

==================================================:--=================================================:======================== 
.' lontn1y Evapotranspiration (incnes) 

April 7. 791 7.091 7.091 o.ouo 0.000 0.000 4. 908 0.855 o.ooo o. 648 1.637 3.274 o. 228 
t-iuy 5. 683 5. 683 5. 683 0.232 lJ.t187 0.887 4. 94 3 2. 331 u.285 1. 420 3.352 4. 37'1 1.477 
June c3. 720 6. 977 6 .977 2.965 3.837 3. 837 7. 588 7. 759 1. 833 4.533 7.237 6.802 5.144 
July 9.426 8. 76 7 8 .710 8. 767 7.823 7.823 8.202 3. 206 6.599 7.071 3. 678 l. 981 u.673 
August 8.018 5.854 7.543 3.767 7.860 7.860 6. 977 0. 00\l 5.854 6.176 0.932 0.138 4.003 
Septemoer 6. 569 s. 779 3. 413 0.126 4.794 4. 794 5. 714 0. 000 3.743 5.058 o.occ o. 000 0.000 
CX:tooer 5.110 4. 345 l. S375 0.000 o. 830 0.830 4.447 0.000 o. 740 o. 224 0.000 o. 000 o.ooo 
rib tal 51.318 44.4~6 41.291 15.857 26.030 26.030 42.777 14.151 19.054 25.128 16.836 16.573 10.525 

============================================================================================================================== 
CrOP Yielu (units/A) 
197'7 Price ($ / unit) 
l'F17 Crop Value ( $/.t..) 

5.00 6.00 19.UO 95.00 20.00 
49.40 105.00 11.1U 2 . 23 lU.25 

275 247 630 217 212 205 

10.00 20.00 310.00 17.20 
5.40 12.00 2 .~0 15.34 

54 240 890 264 

7H.UO 78.00 
2.25 2 .2~ 
176 176 

7. 00 
53.\JU 

37L 

============:=============================~=========== =======~==========~=============:============:========================== 
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========================== =====================================:=~ =================================:========================== 

1'::177 Cro!? In forma tion 

~OOL RIV8F li' I.\LU::Y u·~_;,lG\'1' 1 0:\ Ll i STF,I Cr 

========================================================================~================================= ·==================== 
============================================================================:=================================:=============== 

Total 
(Ref) 

Alfalfa 
2c ut 1cut 

Dry r ield Oorn Pasture 
Beans Corn Silage 

Peas Potatoes Sugar Spr im Pi nt er Onions Sweet Otner 
Beets Grain C?c a in corn 

============================================================================================================================~= 
Crcp Acreage (acres ) 
Crop Di s tribution (%) 
Crop Plantino Da t e 
Effective cover uaLe 
l-iar vest ca te 

4852 
100 

2038 
12 

s -1 
G -1 
7-10 
::;-10 

101':) 
21 

5 -1 
6 -1 
8-1 0 

776 
16 

5 - 1 
u -1 

10-30 

1019 
21 
- 1 
- 5 
- 5 

==============================================================:=============================================================== 
t'10nth1y EVapotranspiration (inct1e :; ) 

April 7.412 o. 741 o. 741 o. 741 0. 000 
1·lav 5 . 069 3. 694 3.694 3.18 5 1.216 
June 9.209 9 .209 9. 2LJ9 8 . 011 6 .170 
July 8.673 6. 334 a.6 7J 7. 54 7 6 .7 65 
August 7.551 7. 551 5. 512 6. 570 1. 660 
Sef,l t e1110er 5. 86~ 4.285 5.86~ 5.107 0 .110 
0ctoLer 4.304 4. 3U4 4.304 3. 74 7 0. 000 
Total 48.08 7 36.117 38.002 34. ~08 15.92 2 

============================================================~============================================~================== 
Crop Yield (units/A) 
1977 Price ($/unit) 
FJn Crop \Glue ($/l\ ) 

4. 50 3.00 
49. 4LJ 49. 40 

167 222 148 

S. IJU 
5.40 

2 7 

80 . 0l) 
2.25 

180 
==================================;=============================:============================================================= 
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===============================================================================================================~============= 

1977 ~:rop Infor mation 

JALr,DN RI V EF< 0\!.~1~ L CD • C·I'D • 

============================================================================================================================== 
=========================================================================================================================:==== 

iotal 
(~f) 

Alfalfa 
rtay Seed 

Dr y Fiek1 
l:..<eans corn 

Corn .l:"astur c 
Silu'Je 

J?eas PGtatces Sugar Sprin..; ~.:i.1ter Onions Sweet Otner 
Beets c~r a in Grain Corn 

============================================================================================================================== 
Crop Acreage (acres) 19T/l; 4400 750 6870 so 1000 20U 1uvo 650 4850 
Crop Distribution ('t) 100 22 4 35 0 5 1 5 3 25 
Crq.; Planting Date 3-2Ci 3-20 5-20 S-10 5-10 4 -1 :.l -1 :r-20 4 -1 
Ef fective Cover ~Q te 4-20 4-20 7-1 l) s -1 8 -1 5 -1 G-15 7-2~ G -l~ 
:1ar vest r.a te G- 20 1u- Ji; .;; - 5 l 0-1 u l u- 10 lG- 30 3 -1 1 ~)-l l) d-10 

b - .:) 
~-25 

========================================================================~=======~============================================= 
i !onthly I:.Vapotranspiration (inches) 

April 7. 791 7.091 7.091 0.000 0.000 o.ooo 4. ~08 o. 855 o. oou 1.637 
~ lay 5. 6i.l 3 5. 6>.?3 s. 683 0.232 0.887 u.CiR7 4. ~43 2. 331. 0. 2o5 3.352 
June 8 . 720 6 . 977 G. 977 2. 965 3.337 3.837 7. 58 8 7. 759 l. 833 7.237 
July 9 . 426 8 . 7(} 7 8 . 71() s. 7u7 7. 823 7.223 e . 2G2 3.206 6. 5':;) ~) 3. 678 
August 8.018 5. 854 7.543 3. 767 7.860 7. 860 G. 977 0.000 5.854 0.932 
Se ptember 6. 569 5. 77 9 3. 413 0. 126 4.794 4 . 794 5. 714 0.000 3.74 3 0. 000 
0ctober 5.110 4. 345 1. 875 o.uoo 0.830 o. 830 4.447 o. 000 o. 74(J 0.000 
Total 51.318 44.496 41.291 15.357 26.030 26.030 42.777 14.151 19.054 16.836 

=================================================================:============================================================ 
Croc YieL (units/!\) 
1'J77 t'r ice ($/unit) 
1')77 CrqJ V-.t luc ($/A) 

3.70 3.00 16.00 73.00 16.00 
49 .40 105.00 11.40 2.23 10.25 

195 183 315 182 1G3 164 

10. 00 22 . 00 20 8. uO 
5 . 4l ., 12.00 2. tJO 

54 264 GUJ 

66.00 
2.:s 
14) 

=================================================================================================================~~=======~=-= 
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===========-============.:=. .:::=:.===== ===:::.:====-===== ·=~===========================-====================================-===.=..=-===-==-==== 

b77 Cro:_:; Infon:.ati:"J n 

~EuAH i!;-) ,Z\ F.:.::~3L:i:-:V<JI P & .::__1\ Jt'\L GJ . 

================================================== =~=====================================:==================================== 
====================================================================================================================:;======== 

'lbtal 
(Ref ) 

Alfalfa 
Clay Seed 

Dry Field corn ?asture 
Geans Corn Sila0e 

Peas Potatoes Suqar S!)rin') \'linter omo.1s sweet Otner 
=~ee ts Crain cr a in corn 

=======================:====================================================================================================== 
1: rop Ac reage (acres) 4030 1113 502 275 G4 313 1GJ 77<j 5313 34 
Crop Oistr ibution ( %) 100 28 12 7 2 8 2 19 13 . 
Crou f'lantina i::..Ute 3- 20 i-:Lu 5-l ;) 5- 10 4 - l s- 2u 4 -1 - 5 4- 2 
Effective ~over oat e 4-20 7-10 13 -1 i~ -1 j -1 7-'2 5 G-1 :> - 5 l - 1.~ 

Ha r~st L'ate 6-20 ) -5 10-10 10-10 l 0-3G 10-10 fj -10 - .s b-15 
s -s 
-J-25 

============================================================================================================================== 
·· 1ontnly Cvuootranspiration (inches) 

April 7. 791 7.091 O.uOO O.UuU 0 . 000 4. 9U3 O.uOO l. 637 3.274 u. 228 
~Jiav 5.683 5. 633 0.232 0.887 0. 887 4. 943 0.285 3.352 4.3n 1.477 
June 8 . 720 6.977 2. 965 3. 837 3. 837 7. 5i) 0 1.533 7.237 6.802 5.14 4 
July 9.426 8 . 767 8 .767 7. ~3 23 7.823 fl . 202 6.599 3.678 1. 981 8 . 673 
f\ UtJUSt 8.016 s. 854 3. 70 7. 860 7.86G 6. 977 5. e54 O.::J32 0.138 4. OvJ 
Sel;)tember 6. 569 s. 779 0 .126 4.794 4. 794 s. 714 3.743 o.ouo o. 000 o.uuc 
CX::tober 5.110 4. 345 0.000 O.i330 0.830 4. 447 o. 740 o.ooo o. 000 O.OCJO 
'lbtal 51.318 44.496 15.~57 26.030 26. 030 42.777 19. 054 16. 2 3G lo • =) n 19.525 

===========================:================================================================================================== 
Crop Yield (units/A) 
1977 Price ($/unit) 
1~77 :roo ·~lue (S/A) 231 

4.00 
49.40 

198 

19. 00 
J.l. 40 

21 7 

80 .00 19.00 
2 .23 10. 25 

178 195 

'3 . c:o 
5.40 

49 

275.00 
2.~0 

798 

95 .00 95 .0l) 
2.2 5 2.25 

21-1 21 4 

~.OG 
S3.uu 

477 
========================================:===================================================================================== 
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========================================:;===================~====~~==================:;::;:================:===:=====~==:=~= 

b77 Cro~j Iufor :t:ation 

ucLL F~l\ PlUS £-UIUAL IRfUGI\TH):~ GJ. 

==========================;===================~=============================================================================== 

=============:=========================================================;:============================;:======================= 
Total 
(Ref) 

Alfalfa Dr y Fiela Cbr n Pasture Peas .Potatoes Sugar s oring wi.ni:er Onions Sweet ut11er 
Hay Seed Deans Corn Silage t3eets Grain Cl' ain corn 

==================================================:=========================================================================== 
Crop Acreage (acres) 25517 1200 5103 12758 940 38 30 1646 40 
::::rop Distribution (%) 100 5 20 50 4 15 6 0 
Crcp PL:mting Date 3-20 s- 20 5-20 4-15 4 -1 J -s 4-l:, 
Effective Cover Da te 4-20 7-1 0 7-25 7-20 6-15 6 -5 a -1 
tl<lr ves t en t e 6- 2() 9 - :j lU-L u 10-15 :3 -l (l (j - 5 9- 2u 

f) - 5 
-)-25 

==========::================================================================================================================== 
~·iontnly Evapotranspiration (inches) 

April 7. 791 7.091 o.ooo u.ooo o. 648 l. 637 3. 274 2. 961 
'i<ly s. 683 5. 683 0.232 0 .285 1. 420 3.352 4. 377 4.264 
June 8 . 72 0 6 .977 2. 965 l. 8 33 4.533 7. 237 6 . 8 02 8 .6 34 
July 9. 426 8. 76 7 8. 767 6.599 7.071 3. 678 1. ~31 8 .108 
August 8.018 5 . 854 3.767 5. 854 6 .176 0.932 0 .138 3.60~ 
September 6. 569 s. 779 0.126 3. 743 5.058 u.ooo u.oou o. 61S 
v:;tooer 5.110 4. 345 u.ooo u. 740 0.224 o.uuo u. ouo o.ouv 
Total 51.318 44.496 15.857 19.054 25.128 16. 8 36 16. 5'/3 28.190 

=====================================================================================================================:======== 
Crop Yield (units/A) 
1~77 Price ($/unit) 
1 977 Croo value ( S/A) 

7.00 
49.40 

590 346 

20 .0U 
11.40 

228 

JJO.Ou 20.40 77. 00 77. 00 300.0U 
2. 90 15.34 2.25 2.25 2.60 
·357 313 173 173 78u 

~=========================================:============================================--======================~==========~==== 
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=================================================================~====================================:=========~=:====:====== 

1 j 77 Croo Information 

KINC; HILL IBPIGI\'l'IO_~ DIS'l'RIC'l' 

===============--=============================================================================;================================ 
============================================================================================================================== 

Total 
(Ref) 

Alfalfa 
Hay Seed 

Dry Field Oorn Pasture 
L~ans Corn Silage 

Peas fOta toes Suq-ar S!Jr ing \Jinter onions Sweet Otner 
Beets Grain Q: ain Corn 

==============~======:====:======================:==============;~============================================================ 
Cror ./Crea~ (acres) 11000 3810 270 760 1765 545 790 2445 575 40 
Crop Distribution (%) 100 35 2 7 Hi 5 7 22 5 d 
Crop P1antinq Date 3-20 5-20 5-10 4 -1 :)-20 4 - l ::> 4 -1 4- 26 5 -1 
8ffective Cover Da te 4-20 7-10 3 -1 5 -l 7-25 7-20 6-15 I-2L i-l u 
iia r vest 03 te 6-20 •) -5 10-10 10-30 10-10 hJ-1 S G-lu 8-1 5 d - 1 

b -s 
')-25 

==========~=================================================================================================================== 

r-1ontnly t.vaootranspiration (inches) 
Af;ril 7. 7Sil 7. 091 o. uuo O.UvO 4.<:J08 u.oou u. 648 l. 637 0 . 228 o.uuu 
c"l ay s. 683 s. 6<33 o. 232 o. 887 4. :J43 u.285 l. 420 3.352 1.477 o.oou 
Jw1e 8. 720 6 . "377 2. 965 3.837 7. 588 l. 833 4.533 7. 237 5.144 O.Ollu 
July 9 . 426 8 . 76 7 8. 767 7.823 t:.202 6.5\j~ 7.071 3. 678 8 . 673 u.uuu 
AUIJUSt 8.0] 8 5. 854 3.767 7.&6() 6. 977 5. tj54 o.l76 0 . 932 4. Otl3 0 . UiJ!) 

september 6. 569 5. 77 9 0.126 4. 794 s. 714 3. 743 5. 058 o. ouo u.uou U.Ouu 
vctooer 5.110 4 . 345 o.ooo 0. 83C 4. 447 0. 740 u. 224 O.OGO 0.000 O.GOO 
'l'otal 51.318 44.496 l5. 857 26. 030 42. 777 19. 054 25 .128 16.836 19.525 O.OUii 

=============:======================================================~=====z======:======================:==~================= 
Crop Yic1o (units/A) 
1977 Price ($/unit) 
1977 Crop \Glue ($/~ ) 

5. 80 
49.40 

244 28 7 

21) . ou 
11.40 

228 

17.80 Fl . OO 
llt.2:, 5.40 

182 4J 

3GJ . OU 22.50 80.00 
2. 90 15 . 34 2 . 25 

879 345 l 8u 

J.Bu 20.0U 
53. Od 16. 0tJ 

LOl 320 
=== ======== ====== == = ========= ======= = == === ======= ==:::::::·==== ==== ============ ===== ============================== ==== 
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==========================================;=======~====;:==============================================================~====== 

b 77 Crop Infornation 

S£T'TL ffi:3 l Hi·!I::'·/I'f lt.J:-l Li i SI'RICr 

======================;======================-=======================================================================~======== 
=================================================================:============================================================ 

'fotal 
(Ref) 

Alfalfa Dry Field Oxn Pasture Peas Potatoes Sugar Sprino V·inter Onions Sweet other 
Hay seed Beans Corn Silage t~ee ts Grain Grain Corn 

============================================================================================================================== 
Crop Acreage (acres) 9443 2775 100 950 1840 2268 720 390 200 20 (i 
Crop Dis tribution (%) 100 29 1 1U 19 24 8 4 2 2 
Crop Planting Date 3-15 5-2S 5 -1 -1 j-25 3-15 3 -1 5-15 4-25 
Effective Cover Date 4-15 7-15 7-17 -17 4-30 7-15 6 -3 7-20 1 -s 
rlur \IE'S t ca te S-2S <) - 9 9-Jv - .50 10- 3U 1U -1 d -1 8 -1 ') -1 

7 - 5 
J-15 

lu -1 
===================================================================================================·=======================~=== 

·-1ontn1y £vapotrans[Jiration {inches) 
,\pr il 6. F-95 5. 376 o.uou O.uOO O. OGO 4. tiHR 1. 0 34 3.242 o.ouc 0. 5<3 2 
: -~ay 5.635 4 . 845 0.134 1. 408 1.408 4 .:102 1. 916 4 .451 0. 638 1.692 
June b.459 7.18 8 l. 947 4.989 4. 989 7.3S9 5.160 o .26o 3. 8..: ~ s. 242 
July 9 .357 6. 831 8 .23<4 8 .7% 8 . 7% c.l41 7. 205 1.591 d.l41 7.L93 
L\uqust 8.490 G. 371 5.350 7.730 7. 730 7. 3ou 6. 538 0.000 0 . Oull lJ . Uut-
.Jeptember 6. 203 6 .077 0 .273 3. 348 3. J4G 5 . 39U 4. 777 O.OUG o.uuu d. Uuu 
CX::tober 2. 799 2. 04G 0.ouu o. ouu 0.000 4. 44 7 0.000 0.000 o. ouo O.OLiu 
'Total 47. 838 38.734 15. 938 26.270 26.270 42.321 26.631 15.543 12. 718 14. 815 

============================================================================================================================== 
Crop Yield (units/A) 
1977 2rice ($/unit) 
1977 Cr 09 value ($/ ; ) 

4.80 
49 .40 

185 237 

o. oo 
11.40 

J 

76.00 1~.30 
2.23 10.25 

1 69 ] 9G 

8 . ou 
5.40 

43 

21.20 6 7. ou 
15.34 2.25 

325 151 

2 .40 45.Uu 
53.Uu 16. 0\J 

127 720 
============================:=============~===~==================~=================================================~~======== 
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====================================================================:====================================~====~=============== 

1:>71 Croo Infor mation 

S•:Jul'H ;j(JAf1J Qf W t·!·lVJL , ,y,;:. , ;::-· r-~ i?~~JJf:~Cl' 

===================================================--=======================;================================================== 
=======================================~=====================================================~================~=============== 

'Ibtal 
(Ref) 

Alfalfa Dry f ield Cbrn t-Jasture tleas f'Otatoes Suqar S!X ing ~;inter Onions sweet iJtner 
Hay seed seans Corn Si1aS!C 3eets Crain CL ain Corn 

============================================================================================================================== 
Crop Acreaqe (acres) 38025 88 16 5158 376 2619 3219 3550 45 29U1 1032 /';17 2000 3)2 
Crop Cistribution {%) 100 23 14 1 7 8 9 t) 8 3 21 5 1 
Crap P1antins Date 3 - 5 3 - 5 5-25 5 -1 5 -1 3-15 3 -1 4-25 3-15 J - 1 3-15 3-1 5 
effective Cover ~u te 4 - :. 4 - :, 7-1 5 7-17 7-17 4-22 fj - J G-JO 7-15 6 -3 5-22 7 -1 
Harves t en te 5-25 10-15 9 -9 9-Ju )-30 1u-3o 7-25 9-25 1l) -1 >3 -1 7-25 9-2u 

7 -5 
8-15 

10 -1 
======================================================================================================-====================~=== 

!'1onth1y Ev.a ootranspiration {inchc3 ) 
April 6. 895 G. 8 95 6 . 8'j.') 0. 000 0. 000 o. coo s. 311 o. 753 iJ . 106 l. 034 3 . 24:.:! 4 . 41:, 2 . 61'0 
luy 5.635 4. 84 5 5.635 0 .134 1.4J8 1. 4Ud 4 . %2 2 . 311 1.127 l. 916 4 .451 4. 735 4 . 2::: 7 

June 8 . 459 7.168 6 . 765 1.947 4.989 4. gJg 7 . 35<:; 7.526 5. 4<:78 5.160 6 . 260 4 .4 :) 4 8 . 374 
July 1 . 357 6 . 831 S. 6 14 8 . 234 !1 .7 '-jG H. 796 U.l41 3. 1H1 7. (Jl8 7.205 1. 591 o. 765 &. 04 7 
August 8 .490 6 . 371 3. 397 5.350 7.730 7. 730 7. 38}3 o. uoo 5. 093 6.533 0.000 u. OOJ J . 82u 
..:}epter.tber 6. 203 6 .077 2.480 0.273 3.348 3. 34d 5. 396 o.ooo 2.000 4. 777 o. ooo o. 0()0 u. G15 
Cctober 2. 799 2. 04G 2.046 o.ooc 0.000 o. 000 4. 447 o. ouu o.ooo u.000 o. oou o. 00() o.ouu 
Total 47 . a38 40.:.:!53 32.832 1:>.9J8 26 . 270 26 . nu 42.944 13.776 2u . a112 2u . 63l 15 . 54314.399 27 .701 

=== === == ==== ==== = ==:==== ===-= == ==== ======== ================== ==':=================================-===================:..:= 
Crup Y ie1<J (un i ts/.ll, ) 4.~ 0 0. 00 15.9C 9U.UO 1'3. 40 9 . YU J7 .:JO 304. 00 2J.4Q 74.00 74 .UO <132.Gt.· 
1':177 Price ($/unit) ·10 . 40 1J5. 00 11.40 2 .23 10.2S 5. 40 12. !JG 2.00 15.34 2.25 2.25 2. 60 
l9n Cro~ 'v3lue ( $/ll. ) 226 242 u 181 20 1 1~ '.) 53 4SO 88 2 35<) 16 7 167 1L:. J 
============================================================================~=-=============================================== 
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b 77 Croo Info m .ation 

Lil'I L l:: >:n L LJT·· I RPI CA L'0:,; 0 I STPI Cl' 

=================================================================~==========================================~================= 

============================================================================================================================== 
'lotal 
(f:ef) 

Alfalfa :Jry Field Corn 1:-'cJsture Peas Pot.Jtc~s .su~ar s s;ri r.q dnt e r (Jnicns ;;we:e t ..:;tile r 
ilay seed i!eans Corn 3ilage ;3cets Grain Grain corn 

================================================:=================================================================;=========== 
CrOQ Acreage (acres) 2371 1076 61 350 259 25 600 
Crop Di. str ibution ( ti ) 100 45 3 15 11 1 25 
Crop 2lanting Date 4 -5 5 -1 5 -1. 3-25 3-15 4 -1 
Lf fective Cover oate 5 -5 7-17 7-17 4-30 7-15 7 -3 
da r vest :...a t c: 6- 25 9-30 ';. - 30 1\J - Ju lt) -1 :i - l 

tl -j 

:1-15 
~ ==:;========================================================================================================================== 

:Jont.1ly DJapotranspiration (incnes) 
April 6. 895 4. 618 o.oou 0.000 5.134 1. 034 1. 311 
~~lay 5.635 5.635 1. 408 1.408 4.902 1. •:H6 2. G48 
June 8.459 7.278 4.989 4. 989 7. 359 5.160 6 . 607 
J uly 9. 357 7. 949 8 .796 8 . 796 8.141 7. 205 6.932 
Aug ust 8.490 6 .196 7.730 7. 730 7 • .38i-i t) .538 1.444 
September 6. 203 4.651 3. 348 3. 34 8 5. 396 4. 777 o. ono 
Ccto0er 2.799 2. 742 0.000 CJ.uOJ 4.447 0.000 0. 000 
·1'otal 47. 838 3Y . 06 9 26.270 26.270 42.767 26.631 D.U~3 

============================================================================================================================== 
Crcp Yielu (units/A) 
1977 Price ($/unit) 
1977 .: r()t) \.alue ($/A) 236 

6.00 
49. 40 

296 

160.00 25.00 
2.23 10.25 

357 256 

8 . 00 
5.40 

43 

25. 00 
1:5.34 

384 

AO.OO 
2.25 
180 

========================= ======================~=====================================================:==================== ~ ~== 



APPENDIX D 

MONTHLY WATER USE AND EFFICIENCIES OF 
COOPERATING IRRIGATION PROJECTS DURING 1977 

Enterprise 

Parks & Lewisville 

Osgood 

Idaho 

Dans kin 

Burley 

A & B 

Milner Low Lift 

North Side 

Wood River Valley 

Salmon River 

Cedar Mesa 

Bell Rapids 

King Hill 

Settlers 

S. Board of Control 

Little Willow 

229 

page 
230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 



N 
w 
0 

==============·==============================================~=================================================== 
1977 b'roject ~.later a ala nee (Acre-Feet) 

=====================:==============~=========================:================================================= 

t; ,-J·PER?.RISE I RRIGATIO:~ OIS'rRICr 

1977 Irrigated Area 5970 1\cres 

=============================================:==============:=================================================== 
================================================================================================================ 

April M:ly June July Pug us t September U::tooer season 'Ibtal 
AF Ar ;Acre 

============================================================================================================·==== 
River (Res.) Diversion 
SUpplementary Inflow 
Groundwater Diversion 
l<btal Project Inflow 
0perational Losses 
Seepage I:Dsses 
farl1t Deliveries 
SOil M:>isture 01ange 
Eff. Precipitation 
Evapotranspiration 
Irrigation Requirement* 
Runoff Losses 
Deep Percolation 
Project Return Flow 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2490 
0 
0 

2490 
174 
557 

1759 
854 

1163 
1444 
1135 

339 
285 
513 

5156 
0 
0 

5156 
474 
656 

4025 
827 
788 

2609 
2648 

577 
799 

1052 

5404 
0 
0 

5404 
249 
613 

4542 
-829 

583 
4001 
2588 
681 

1273 
929 

5053 
0 
0 

5053 
323 
539 

4190 
-161 
167 

2142 
1814 
85~ 

1517 
1182 

2000 
0 
0 

2000 
152 
310 

1538 
-353 

328 
1278 

596 
278 
664 
430 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20101 
0 
0 

20101 
1372 
2675 

16053 
337 

3030 
11474 

8782 
2734 
4538 
4106 

3.3670 
0.0000 
0.0000 
3.3670 
0.2299 
0.4480 
2.6890 
0. 0565 
0. 5075 
1.9219 
1.4 709 
0.4579 
0.7602 
0.6878 

=================== ===================================== =======:= ========================================== 
~oject Conv. Eff.(%)** 
Project App. £ff. ( %) 
Project Irr ig. Eff. ( %) 

0 
0 
0 

71 
65 
46 

78 
66 
51 

84 
57 
49 

83 
43 
36 

77 
39 
30 

0 
0 
0 

80 
55 
44 

80 
55 
44 

================================================================================================================ 
* Irrigation require;nent = evap::>transpiration - effective precipitation + soil moisture cnange 
** Project conveyance efficiency = (farm deliveries) I (total inflow) * 100 
** Project application efficiency = (irrigation requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * lUO 
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================================================================================================================ 
1977 Project ~later Balance (Acre-Feet) 

================================================================================================================ 

PAPKS & LE~JISVILLE IRPIGATION CD. INC. 

1977 Irrigated Area 8500 Acres 

================================================================================================================ 
==============-================================================================================================== 

April Mly June July August Septemoer CX:tcber season (lbtal 
AF AF/Acre 

=========================================================================================================;====== 
River (Res.) Diversion 0 18909 21801 21249 20595 16001 7393 105947 12.4644 
SUpplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundwater Diversion 0 0 0 0 0 0 0 0 o.oooo 
'IOtal Project Inflow 0 18909 21801 21249 20595 16001 7393 105947 12.4644 
Operational Losses 0 4765 7892 6949 10318 8336 4998 43257 5.0891 
~page tosses 0 2315 1918 1816 1605 1246 858 9759 1. 1481 
earm Deliveries 0 11828 11990 12485 8672 6418 1537 52930 6.2271 
Soil r··bisture 01ange 0 903 400 -880 -386 -240 -340 -544 -0.0640 
Eff. Precipitation 0 956 1489 461 454 268 22 3650 0.4295 
Evapotranspiration 0 2165 4013 5745 2875 1699 881 17378 2.0444 
Irrigation Hequirement* 0 2111 2923 4404 2035 1191 519 13183 1. 5509 
Runoff wsses 0 0 0 0 0 0 0 0 0.0000 
OOep Percolation 0 9717 9067 8081 6637 5227 1018 39747 4.6762 
Project Return Flow 0 4765 7892 6949 10318 8336 4998 43257 5.0891 
================================================================================================================ 
Project Conv • Eff.{%)** 0 63 55 59 42 40 21 50 50 
Project App. Eff.(%) 0 18 24 35 23 19 34 25 25 
Project Irr ig. Eff. ( %) 0 11 13 21 10 7 7 12 12 
================================================================================================================ 

* Irrigation requirement = eva!X)transpiration - effective precipitation + soil moisture change 
** Project conveyance efficiency = (farm deliveries) 1 (total inflow) * 100 
** Project application efficiency = (irrigation requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) 1 (total inflow) * 100 
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================================================================================================================ 
1977 Project \'later Balance (Acre-Feet) 

=========================================================================================-~===================== 

OSCD'J0 CZ\N.f\L OJ • ( U &I SUGAR CO. ) 

1977 Irrigated Area 6220 Acres 

================================================================================================================ 
================================================================================================================ 

April t'-By June July August september ectooer Season 'Ibtal 
AF AF /Acre 

================================================================================================================ 
River (Res.) Diversion 0 610 3276 4496 3718 2553 824 15478 2.4884 
Supplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundwater Diversion 0 58 311 426 353 242 78 1468 0. 2360 
'lbtal Project Inflow 0 668 3587 4923 4071 2795 902 16946 2. 7244 
Operational Losses 0 111 357 369 369 208 89 1503 0. 2416 
See page I.Dsses 0 208 457 499 408 303 111 1984 0.3190 
r""'arm Deliveries 0 349 2773 4055 3294 2285 702 13458 2.1637 
Soil r~isture Change 0 313 791 38 -183 -505 -168 236 0.0460 
Eff. Precipitation 0 698 628 664 308 208 17 2522 0.4055 
Evapotranspiration 0 700 2130 3998 2599 1496 285 11207 1.8018 
Irrigation Requirement* 0 315 2293 3372 2108 784 100 8971 1.4423 
Runoff Losses 0 0 0 0 0 0 0 0 0.0000 
Deep Percolation 0 34 481 683 1186 1501 602 4487 0.7214 
Project Return Flow 0 111 357 369 369 208 89 1503 0. 2416 
================================================================================================================ 
Project Conv. Eff. ( %) ** 0 52 77 82 81 82 78 79 79 
Project App. Eff. ( %) 0 90 83 83 64 34 14 67 67 
Project Irrig. Eff.(%) 0 47 64 68 52 28 11 53 53 
================================================================================================================ 

* Irrigation requirement = evapotranspiration - effective precipitation + soil moisture change 
** Project conveyance efficiency = (farm deliveries) I (total inflow) * 100 
** Project application efficiency = (irrigation requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * 100 
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================================================================================================================ 
1977 Project i·Jater Balance (Acre-Feet) 

================================================================================================================ 
IDAJD IRRIG\TION DISTRICT 

1977 Irrigated Area 35600 Acres 

================================================================================================================ 
================================================================================================================ 

April Mly June July August September cx::tooer season 'Ibtal 
AF Ar'/Acre 

' ================================================================================================================ 
River (Res.) Diversion 0 41086 63988 66474 52060 44465 22999 291070 8.1761 
SUpplementary Inflow 0 5916 5823 2858 3904 3024 1702 23228 0.6525 
Groundwater Diversion 0 0 0 0 0 0 0 0 0.0000 
]btal Project Inflow 0 47003 69811 69332 55965 47488 24701 314297 8.8286 
Operational Losses 0 21151 14407 9157 18052 14193 6271 83231 2. 3379 
Seepage Losses 0 13355 12664 11841 9408 7856 5753 60876 1. 7100 
Farm Deliveries 0 12497 42740 48335 28505 25439 12677 170190 4. 7806 
&>il t•t>isture O'lange 0 4483 2390 -4221 -1128 -1346 -1135 -957 -0.0269 
Eff. Precipitation 0 3945 3595 3803 1517 896 116 13871 0.3896 
f.\Tapotranspiration 0 8304 15831 23780 11714 6521 2681 63830 1.9334 
Irrigation Requirement* 0 8842 14626 15756 9070 4278 1429 54001 1.5169 
Runoff LOsses 0 1335 758 482 950 747 330 4603 0.1293 
~ep Percolation 0 2320 27356 32097 18485 20414 10918 lll58G 3.1344 
Project Return Flow 0 22487 15165 9639 19002 14940 6601 87833 2.4672 
================================================================================================================ 
Project Conv. Eff.(%)** 
Project App. Eff. ( %) 
Project Irr iq. Eff. ( %) 

0 
0 
0 

27 
71 
19 

61 
34 
21 

70 
33 
23 

51 
32 
16 

54 
17 
9 

51 
11 

6 

54 
32 
17 

54 
32 
17 

================================================================================================================ 

* Irrigation requirement = evapotranspiration - effective precipitation + soil r.Disture change 
** Project conveyance efficiency = (farm deliveries) I (total inflow) * 100 
** Project application efficiency = (irrigatior. requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * 100 
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================================================================================================================ 
1977 Project ~~later Balance (.Z\cre-Feet) 

======================================:========================================================================= 

DA.-..JSKIN DI'I'CH CO~·lPA.t~Y 

1977 Irrigated Area 4730 Acres 

================================================================================================================ 
================================================================================================================ 

April ~ay June July ~ugust Se9tember OctOber Season 'Ibtal 
AF AF/Acre 

================================================================================================================ 
River (Res.) Diversion 
9.lpplementary Inflow 
Grounj·w-ater Diversion 
'Ibtal Project Inflow 
Operational LOsses 
Seepage Losses 
Farm ooliveries 
Soil ·~isture Change 
£ff. Precipitation 
~vapotranspiration 

Irrigation Require~ent* 
Runoff LOsses 
~ep Peroolation 
Project Return Flow 

3458 
0 
0 

3458 
180 
439 

2789 
0 

49 
1411 
1362 

0 
1426 

180 

10133 
0 
0 

10133 
263 

1516 
8353 
1427 
916 

1714 
2226 

0 
6127 

263 

10506 
0 
0 

10506 
578 

1328 
8600 

222 
1289 
2516 
1448 

0 
7152 

578 

10676 
0 
0 

10676 
427 

1245 
9005 
-494 

162 
3282 
2626 

0 
6378 

427 

10500 
0 
0 

10500 
535 

1141 
8824 
-146 

211 
2168 
1812 

u 
7012 

535 

8572 
0 
0 

B572 
360 
922 

7290 
-137 

302 
1656 
1218 

0 
6072 

360 

5499 
0 
0 

5499 
929 
723 

3846 
-655 

25 
1067 

387 
0 

3459 
929 

59342 
0 
0 

59342 
3273 
7363 

48706 
217 

2952 
13815 
11079 

0 
37627 

3273 

12.5459 
0.0000 
0.0000 

12. 5459 
0.6919 
1.5567 

10. 2973 
0. 0458 
0.6242 
2.9207 
2. 3423 
0.0000 
7.9550 
0.6919 

================================================================================================================ 
Project Conv. Eff.(%)** 
Project App. Eff. ( %) 
Project Irrig. Eff.(%) 

81 
49 
39 

82 
27 
22 

82 
17 
14 

84 
29 
25 

84 
21 
17 

85 
17 
14 

70 
10 

7 

B2 
23 
19 

82 
23 
19 

================================================================================================================ 

* Irrigation requirement = evapotranspiration - effective precipitatio.1 + soil moisture change 
** Project conveyance efficiency = (farm deliveries} 1 (total inflow) * 100 
** Project application efficiency = (irrigation reauire~ent) 1 (faro deliveries) * 100 
** Project irrigation efficiency = (irrigation requirenent} 1 (total inflow) * 108 
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================================================================================================================ 
1977 Project ~ -Jater Balance (Acre-Feet) 

================================================================================================================ 
iJU HLE Y I HRI (:i\ TI ON 0 I S'l' RI Cr 

1977 Irrigated Area 41440 Acres 

================================================================================================================ 
================================================================================================================ 

Af)ril t·BY June July August September O:;tober Season 'It>tal 
AF AF /Acre 

================================================================================================================ 
River (Res.) Diversion 34423 15368 48599 62913 4 7557 23059 3846 235763 5.6893 
Supplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundwater Diversion 0 0 0 0 0 0 0 0 0.0000 
'It>tal Project Inflow 34423 15368 48599 62913 47557 23059 3846 2 35763 5.6893 
Operational Losses 1317 519 2807 3067 3674 2473 510 14366 o. 3467 
SeGpage lOsses 9575 4638 8492 9495 7584 4987 1606 46377 1. 1191 
Farm Deliveries 23532 10211 37300 50351 36299 15598 1730 175020 4.2235 
Soil MOisture Change 6<341 2514 -1226 -1958 -1669 -1208 -3695 -401 -0.0097 
Eff. Precipitation 465 5322 4673 1869 1340 1985 90 15742 0.3799 
Evapotranspiration 8617 9558 17418 20630 15257 9758 5308 86544 2.0884 
Irrigation Requirement* 14993 6750 11519 16803 12248 6565 1523 70401 1.6989 
Runoff Losses 439 173 936 1022 1225 824 170 4789 0.1156 
Deep Percolation 8100 3288 24845 32526 22827 8209 38 99830 2. 4090 
Project Return Flow 1756 692 3742 4089 4898 3297 680 19154 0.4622 
================================================================================================================ 
Project Oonv. Eff.(%)** 
Project App. Eff. ( %) 
Project Irr ig. Eff. ( %) 

68 
64 
44 

66 
66 
44 

77 
31 
24 

80 
33 
27 

76 
34 
26 

68 
42 
28 

45 
88 
40 

74 
40 
30 

74 
40 
30 

================================================================================================================ 
* Irrigation requirement = evapotranspiration - effective precipitation + soil moisture change 
** Project conveyanc~ efficiency = (farm deliveries) I {total inflow) * 100 
** Project application efficiency = (irrigation requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * 100 



N 
w 
m 

================================================================================================================ 
1977 Project Water Balance (Acre-Feet) 

==============~================================================================================================= 

A & 3 IRRI~TIO~ DISTRICT 

1977 Irrigated Area 73850 Acres 

================================================================================================================ 
======================================:========================================================================= 

April ~By June July AUgust September October season '!Otal 
AF AF/Acre 

================================================================================================================ 
River (Res.) Diversion 
Supple~entary Inflow 
Groundwater Diversion 
1btal Project Inflow 
Operational Losses 
seepage Losses 
Farm Deliveries 
SOil ~:bisture Change 

· Eff. Precipitation 
Evapotranspiration 
Irrigation Requirement* 
Runoff Losses 
I:Eep Percolation 
Project Return Flow 

4459 
0 

22029 
26488 

582 
1985 

23921 
1341 

46 
14988 
16283 

3229 
4409 
3811 

7219 
0 

36472 
43691 

967 
4021 

38703 
16011 
11421 
18468 
23058 

6398 
9246 
7365 

10813 
0 

42607 
53420 

736 
4449 

48235 
-6174 

5177 
34512 
23161 
8065 

17009 
8801 

15350 
0 

52367 
67717 

821 
4701 

62195 
-6519 

4006 
32304 
21779 
8761 

31655 
9582 

11714 
0 

43068 
54782 
1041 
4573 

49168 
-530 
2424 

20202 
17249 

6976 
24943 
8017 

4251 
0 

25415 . 
29666 

672 
3156 

25838 
-1781 

3269 
16835 
11784 

3833 
10221 

4505 

647 . 
0 

6550 
7197 
158 

1000 
6039 

-5714 
224 

8191 
2254 

440 
3345 

598 

54453 
0 

228504 
282956 

4977 
23885 

254094 
-3365 
26566 

145499 
115567 

37701 
100825 

42678 

0.7373 
o.oooo 
3.0942 
3.8315 
0.0674 
0. 3234 
3. 4 407 

-0.0456 
0.3597 
1.9702 
1. 5649 
0. 510 5 
1. 3653 
0. 5779 

================================================================================================================ 
Project Oonv. Eff.(%)** 
Project App. Eff. ( %) 
Project Irr ig. Eff. ( %) 

90 
68 
61 

89 
60 
53 

90 
48 
43 

92 . 
35 
32 

90 
35 
31 

87 
46 
40 

84 
37 
31 

90 
45 
41 

90 
45 
41 

================================================================================================================ 

* Irrigation requirement =evapotranspiration - effecti-ve precipitation + soil moisture change 
** Project conveyance efficiency = (farm deliveries) I (total inflow) * 100 
** Project application efficiency = (irrigation requireitent) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation reauirement) I (total inflow) * 100 
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================================================================================================================ 
1977 Project v7ater Balance (Acre-Feet) 

================================================================================================================ 

L'I,ILJER LOW LIFT IRRIC:ATION DIS'I'RICr 

1977 Irrigated Area 13480 Acres 

==:============================================================================================================= 
================================================================================================================ 

April ~y June July August September O:tober Season 'Iota1 
AF' Ar~Acre ==========================================================================================================--==== 

River (Res.) Diversion 4603 9488 10461 14858 11498 5528 0 56436 4.1867 
Supplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundwater Diversion 0 0 27 48 33 29 0 137 0.0101 
Tbtal Project Inflow 4603 9488 10487 14906 11531 5557 0 56573 4.196R 
Operational LOsses 138 335 323 225 234 278 0 1532 0.1137 
See page r.osse s 1365 1716 1487 1714 1372 889 0 8543 0.6337 
earm Deliveries 3100 7437 8678 12967 9925 4391 0 46498 3. 4 494 
Sc>i1 rvbisture Change 626 2709 -835 -797 -1330 -147 0 226 0.0167 
Eff. Precipitation 72 1349 855 1114 389 231 0 4010 u.2975 
Dvapotranspiration 1717 2279 5502 7473 34J6 1218 0 21685 l. 6037 
Irrigation Requirement* 2271 3639 3812 . 5562 1777 839 0 17901 1.3280 
RW1off Losses 237 769 1153 859 1060 302 0 4379 0. 3248 
~ep Percolation 592 3030 3713 6546 7088 3249 0 24218 1. 7966 
Project Return Flow 375 1104 1476 1083 1294 579 0 5911 u. 4385 
================================================================================================================ 
Project Conv. Eff.(%)** 
Project App. Eff. ( %) 
Project Irrig. Eff. (%) 

67 
73 
49 

78 
49 
38 

83 
44 
36 

87 
43 
37 

86 
18 
15 

79 
19 
15 

0 
0 
0 

82 
38 
32 

82 
38 
32 

================================================================================================================ 

* Irrigation rcquireillent = eva?Qtranspiration - effective precipitation + soil ~oisture change 
** ¥reject conveyance efficiency = (farm deliveries) I (total inflow) * 100 
** Project application efficiency = {irrigation requirement) 1 (f~rm deliveries) * 100 
** Project irrigation efficiency = {irrigation requirement) I {total inflow) * 100 
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================================================================================================================ 
1977 Project ~·.Jater Balance {.Acre-Feet) 

================================================================================================================ 

WRl'HSIDE CAUAL CO~-'rPN~Y 

1977 Irrigated Area · 149340 Acres 

================================================================================================================ 
================================================================================================================ 

April t·Uy June July .to gust Sep te illber ~tober season 1t>tal 
Af' AF /Acre 

... 
=~=================·~==========================:================================================================= 

River (Res.) oiversio~ 111048 153774 156592 194698 162008 54765 32422 865306 5. 7942 
9.lpplementary Inflow -9032 -12506 -12736 -1sg35 -13176 -4454 -2637 -70375 -0.4712 
Groundwater Diversion 0 0 0 0 0 0 0 0 0.0000 
'Ibtal Project Inflow 102016 141267 143856 178863 148831 50311 29785 794930 5. 3230 
Operational Losses 479 537 489 733 283 262 24 2807 0.0188 
9:.:? page I.osse s 48767 51587 45868 50514 42828 24394 22059 286012 1.9152 
F'arm Deliveries 52770 89144 97499 127615 105720 25655 7702 506111 3. 3890 
Soil MOisture Change 3924 30030 -5245 -9138 -5417 -10478 -13115 -9439 -0.0632 
Eff. Preci~itation 84 11585 2243 4985 504 7 1988 249 26181 0.1753 
Evapotranspiration 36261 39702 70941 82592 5204 7 34434 20080 336056 2. 2503 
Irrigation Requirement* 40102 58147 63453 68469 41582 21969 6716 300435 2.0118 
Runoff Losses 4315 4831 4402 6600 254·5 2355 214 25262 0.1692 
Deep Percolation 8353 26166 29645 52546 61593 1332 772 180414 1. 2081 
Project Return Flow 4794 5368 4891 7333 2828 2617 238 28069 0.1880 
================================================================================================================ 
Project Conv. Eff.{%)** 
Project App. Eff. { %) 
Project Irr ig. Eff. ( %) 

52 
76 
39 

63 
65 
41 

68 
65 
44 

71 
54 
38 

71 
39 
28 

51 
86 
44 

26 
87 
23 

64 
59 
38 

64 
59 
38 

================================================================================================================ 
* Irrigation requirement = evapotranspiration - effective precipitation + soil rnoisture change 
** Project conveyance efficiency = (farm deliveries) I (total inf1~v) * 100 
** Project application efficiency = (irrigation requirement) 1 (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * 100 



================================================================================================================ 
1977 Project Hater Balance (A.cre-Feet) 

================================================================================================================ 

~ill0 RIVER V.i\LLEY IRRI CAcriON DISTRICr 

1977 Irrigated Area 4850 Acres 

================================================================================================================ 
================================================================================================================ 

April !.rt:ly June July August September CCtober Season 'It>tal 
M, AFIAcre 

================================================================================================================ 
Piver {Res.) Diversion 
Supplementary Inflow 
Groundwater Diversion 
~tal Project Inflow 

t3 Operational Losses 
1.0 Se2 page Losses 

Farm Deliveries 
soil ~,pisture Change 
Eff. Precipitation 
Evapotranspiration 
Irrigation Requirement* 
Runoff Losses 
~ep Percolation 
Project Return Flow 

1470 
0 
0 

1470 
0 

1192 
278 

0 
13 

237 
224 

0 
54 

0 

3632 
1868 

0 
5500 

0 
2123 
3377 

594 
1172 
1251 

674 
0 

2703 
0 

13188 
5271 

0 
18459 

0 
3221 

15238 
0 

314 
3391 
3077 

0 
12160 

0 

4618 
5132 

0 
9750 

0 
1806 
7944 
-277 

362 
3076 
2436 

0 
5508 

0 

1658 
5408 

0 
7067 

0 
1418 
5649 
-80 
271 

2146 
1795 

0 
3854 

0 

1809 
2495 

0 
4304 

0 
1300 
3004 

0 
225 

1701 
1476 

0 
1528 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

26375 
20174 

0 
46549 

0 
11060 
35489 

237 
2357 

11802 
9682 

0 
25807 

0 

5.4381 
4.1596 
0.0000 
9. 5978 
0.0000 
2.2805 
7.3173 
0.0488 
0.4859 
2. 4333 
1.9962 
0.0000 
5.3211 
0.0000 

================================================================================================================ 
Project Conv. Eff.{%)** 
Project App. Eff. { %) 
Project I rr ig. Eff. { %) 

19 
80 
15 

61 
20 
12 

83 
20 
17 

81 
31 
25 

80 
32 
25 

70 
49 
34 

0 
0 
0 

76 
27 
21 

76 
27 
21 

================================================================================================================ 

* Irrigation requirement = eva~transpiration - effective precipitation + soil moisture change 
** Project conveyance efficien~y = (farill deliveries) I (total inflow) * 100 
** Project application efficiency = (irrigation requirenlent) I (farm deliveries) * 100 
** ProJect irrigation efficiency = (irrigation requiren~nt) I (total inflow) * 100 



==================:============================================================================================= 
1977 Project vJater Balance (Acre-..'1'eet) 

=====================~========================================================================================== 

S!\L~O~~ RIVE.R CZ\L~l\L Q). L'ID. 

1977 Irrigated Area 19770 Acres 

================================================================================================================ 
================================================================================================================ 

April ~y June J·uly August September CX::tober season 'IOtal 
AF AF/Acrc 

================================================================================================================ 
River (Res.) Diversion 
Supplementary Inflow 
GroundHater Diversion 

N ·rotal Project Inflow 
6 Operational Losses 

S?e page r.osse s 
Farm Deliveries 
s:>il t.t:>isture Change 
Eff. Precipitation 
Evapotranspiration 
Irrigation Requirement* 
Runoff LOsses 
r:eep Percolation 
Project Return Flow 

2237 
0 
0 

2237 
0 

1190 
1047 

0 
24 

882 
859 

0 
188 

0 

12043 
0 
0 

12043 
0 

3921 
8122 
3907 
1951 
4223 
6179 

0 
1943 

0 

17599 
0 
0 

17599 
0 

6922 
10677 

503 
1270 
8759 
7997 

0 
2680 

0 

24954 
0 
0 

24954 
0 

8843 
16111 
-1058 
2623 

11735 
8054 

0 
8057 

0 

19123 
0 
0 

19123 
0 

7082 
12041 
-1688 

613 
6227 
3921 

0 
8120 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

75956 
0 
0 

75956 
0 

27958 
47998 
1668 
6485 

31826 
27009 

0 
20989 

0 

3.8420 
0.0000 
0.0000 
3.8420 
0. 0000 
1. 4142 
2.4278 
0. 0844 
u. 32d0 
1.6098 
1.3662 
0.0000 
1.0616 
0.0000 

==================================~============================================================================= 
Project Conv. Eff.(%)** 
Pr-oject App. Eff. ( %) 
Project Irr iq. Eff. ( %) 

47 
82 
38 

67 
76 
51 

61 
75 
45 

65 
50 
32 

63 
33 
21 

0 
0 
0 

0 
0 
0 

63 
56 
36 

63 
56 
36 

================================================================================================================ 

* Irrigation requirement = evapotranspiration - effective precipitation + soil moisture change 
** Project conveyance efficiency = (farm deliveries) 1 (total inflow) * lOC 
** Project application efficiency = (irrigation requirement) I (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I {t-:>tal inflow) * 100 



N 
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================================================================================================================ 
1977 ProJect ~·Jater Balance (Acre-Feet) 

================================================================================================================ 

Ct.Dl\ R t·1E...SA RCSERVOI R & CANAL CO. 

1977 Irrigated Area 4030 Acres 

================================================================================================================ 
========================================================================;======================================= 

April ttly June July August September C£tober Season 'Ibtal 
AF AF/A.cre 

================================================================================================================ 
River (Res.) Diversion 2259 2979 3195 4659 3497 461 0 17049 4. 2305 
SUpplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundwater Diversion 0 0 0 0 0 0 0 0 0.0000 
Ibtal Project Inflow 225Y 2979 3195 4659 3497 461 0 17049 4. 2305 
Operational Losses 0 0 0 0 0 0 0 0 0.0000 
Seepage LOsses 945 1083 966 1171 91-....t> 189 0 5271 1. 3081 
Furm Deliveries 1313 1896 2228 3488 2581 271 0 11778 2.9225 
SOil f.t>isture Q1ange 343 826 -372 -191 -206 -484 0 -33 -0.0207 
Eff. Precipitation 142 391 399 388 223 145 0 1689 0.4190 
Evapotrans~iration 1047 1152 2020 2250 1337 858 0 8663 2.1497 
Irrigation Requirement* 124 7 1588 1250 1670 908 229 0 6891 1.7100 
Runoff Losses 0 0 0 0 0 0 0 0 0.0000 
Deep Percolation 66 308 979 1818 1673 42 0 4886 1.2125 
Project Return Flow 0 0 0 0 0 0 0 0 0. ooou 
================================================================================================================ 
Project Oonv. Eff.(%)** 
.Project A9p. Ef f. ( %) 
Project Irr ig. Eff. ( %) 

53 
95 
55 

64 
84 
53 

70 
56 
39 

75 
48 
36 

74 
35 
26 

59 
84 
50 

0 
0 
0 

69 
59 
40 

69 
59 
40 

================================================================================================================ 

* Irrigation requirement = eva[X)transr:>iration - effective precipitation + soil moisture cnange 
** Project conveyance efficiency = (farm deliveries) I (total inflov.;) * 100 
** Project application efficiency = (irrigation requirement) I (far~n deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) I (total inflow) * 100 
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==============================:=======:========================================================================= 
1977 Project ~·7ater Balance (Acre-t,eet) 

================================================================================================================ 

BELL Ri\PIDS ~'illTJAL IPRIC-tYriON O.l. 

1977 Irrigated Area 25520 Acres 

================================================================================================================ 
================================================================================================================ 

April ray June July August Septeirber Ccto~er Season 'Iotal 
Af AF' /Acre 

=============~~================================================================================================= 

River (Res.) Diversion 
Supplementary Inflow 
Groundwater Diversion 
rlbtal Project Inflow 
:Jperational Losses 
See page r.osses 
Farm Deliveries 
Soil ~..Pisture 01ange 
Eff. Precipitatio~ 
~vapotranspiration 

Irrigation Requirement* 
Runoff r.osses 
0eep Percolatio;, 
Project Return Flow 

6627 
0 
0 

6627 
0 

987 
5641 
2179 

161 
1744 
3762 

0 
1879 

0 

6936 
0 
0 

6936 
0 

780 
6156 
2838 
1277 
2769 
4330 

0 
1826 

0 

16478 
0 
0 

16478 
0 

1032 
15446 

538 
660 

7541 
7419 

0 
8027 

0 

16702 
0 
0 

16702 
0 

989 
15714 
-1109 

1366 
13667 
11191 

0 
4522 

0 

12726 
0 
0 

1272;:) 
0 

789 
11937 
-1226 

841 
9237 
7170 

0 
4767 

0 

G216 
0 
0 

6216 
0 

518 
5698 

-1482 
621 

5016 
2913 

0 
2784 

0 

1227 
0 
0 

1227 
0 

344 
8:33 

-1041 
143 

1241 
52 

0 
830 

0 

66911 
0 
0 

66911 
0 

5439 
61472 

695 
5072 

41214 
36838 

0 
24635 

0 

2.6219 
0.0000 
0.0000 
2.6219 
0.0000 
0.2131 
2.4088 
0.0273 
0.1988 
1.6150 
1.4435 
0.0000 
0.9653 
0.0000 

================================================================================================================ 
Project Conv. Eff. ( %) ** 
Project App. Eff. ( %) 
Project Irr ig. Eff. ( %) 

85 
67 
57 

89 
70 
62 

94 
48 
45 

94 
71 
67 

94 
60 
56 

92 
51 
47 

72 
6 
4 

92 
60 
55 

92 
60 
55 

==============~================================================================================================= 

* Irrigation requirement =evapotranspiration - effective precipitatio:-1 + soil moisture ch<:mge 
** Project conveyance efficiency = (farm deliveries) 1 (total inflow) * 100 
** Project applicatior1 efficiency = (irrigation requirement) 1 (farm deliveries) * 100 
** Project irrigation efficiency = (irrigation requirement) / (total inflow) * lOu 
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================================================================================================================ 
1977 Project vJater 8alance (!\ere-Feet) 

================================================================================================================ 

KI ~·~G HILL IRRIGA.TIO~~ DISTRICr 

1977 Irrigated Area 11000 Acres 

================================================================================================================ 
==========================================================:===================================================== 

April ~1:ly June July August September O:tober Season 'Ibtal 
AF' ll.F (Acre 

================================================================================================================ 
River (Res.) Diversion 15884 18423 18312 20139 19033 16635 7114 115538 10. 5035 
Slpplementary Inflow -449 -325 -739 -820 -559 -437 -284 -3613 -0. 3285 
Groundwater Diversion 0 0 0 0 0 0 0 0 0.0000 
']btal Project Infl~J 15435 18098 17573 19319 184 74 16198 6830 1.11925 10.1750 
Operational Losses 1314 2775 2176 2299 2282 3828 3016 17690 1.6082 
Seepage Losses 5821 5389 4621 4725 4296 3660 1609 30119 2.7381 
Farm De 1 i ver ies 8300 9935 10777 12295 11896 8710 2205 64116 5.8287 
Sbi1 ~isture Change 1393 281 0 -485 -134 -180 -877 -3 -0.0003 
Eff. Precipitation 39 786 230 447 309 191 35 2037 0.1852 
E'VaJ?Qtr anspir at ion 3366 3463 5766 6647 4539 3488 2138 29407 2. 6734 
Irrigation Requirement* 4721 2958 5536 5715 4095 3117 1226 27368 2.4880 
Runoff Losses 0 0 0 0 0 0 0 0 0.0000 
Deep Percolation 3579 6977 5241 6580 7801 5593 979 36748 3.3407 
Project Return Flow 1314 2775 2176 2299 2232 3828 3016 17690 1. 6082 
================================================================================================================ 
Project Conv. Eff.(%)** 
Project App. Eff. (%) 
Project Irrig. Eff.(%) 

54 
57 
31 

55 
30 
16 

61 
51 
32 

64 
46 
30 

64 
34 
22 

54 
36 
19 

32 
56 
18 

57 
43 
24 

57 
43 
24 

================================================================================================================ 

* Irrigation requirement = evapotranspiration - effective precipitation + soil rroisture cbange 
** Project conveyunex? efficien\:.:y = (farm deliveries) I (total inflow} * 100 
** Project application efficiency = (irrigation requirement) I (far;n Je1iveries) * 100 
** Project irrigation efficiency = (irrigation requirement} I (total inflow) * 100 
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================================================================================================================ 
1977 Project ~'later Balance (Acre-Feet) 

===============================================:================================================================ 

SE'TrLERS IRfu~TION DIST'RICr 

1977 Irrigated Are~ 9440 J\cres 

==============================================================================~================================= 

==================================:============================================================================= 
April H3.y J"une July August September October Season Total 

AF AF /Acre 
==================================:============================================================================= 
River (Res.) Diversion 
SUpplementary Inflow 
Groundwater Diversion 
Total Project Inflow 
Operutional LOsses 
Seepage lOsses 
Farm Deliveries 
SOil roisture Olangc 
Eff. Precipitation 
Lvapotranspiration 
Irrigation Requirement* 
Runoff Losses 
Deep Percolation 
Project .Return Flow 

3577 
72 

159 
3809 
103 

1154 
2552 

0 
115 

2330 
2215 

0 
337 
103 

7814 
263 
473 

8550 
354 

2207 
5989 
2476 
1362 
2699 
3813 

0 
2177 

354 

8743 
313 
420 

9476 
216 

1909 
7351 
-118 

816 
4927 
3993 

0 
3358 
216 

9999 
459 
500 

10958 
. 318 
1937 
8703 
-71 
264 

5991 
5656 

0 
3047 

318 

9173 
415 
460 

10048 
411 

1707 
7930 
-501 

363 
5174 
4311 

0 
3619 

411 

3831 
195 
192 

4217 
286 
712 

3218 
-553 
935 

3542 
2053 

0 
1165 

286 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

43137 
1716 
2205 

47058 
1688 
9626 

35743 
1232 
3855 

24663 
22041 

0 
13702 

1688 

4. 5696 
0.1818 
0.2335 
4.9849 
0.1738 
1.0198 
3.7864 
0.1306 
0.4083 
2. 6126 
2. 3349 
0.0000 
1. 4515 
0.1788 

================================================================================================================ 
Project Cbnv. Eff.(%)** 
Project App. Eff. { %) 
Project Irr ig. Eff. ( %) 

67 
87 
58 

70 
64 
45 

78 
54 
42 

79 
65 
52 

79 
54 
43 

76 
64 
49 

0 
0 
0 

76 
62 
47 

76 
62 
47 

================================================================================================================ 
* Irrigation requirement = evapotranspiration - effective precipitation + soil moisture change 
** Project conveyance efficiency = (farm deliveries} I (total inflatl) * 100 
** Project application efficiency = (irrigation requirement) I (farm aeliveries) * 100 
** Project irrigation efficiency = (irrigation require1nent) I (total inflow) * 100 
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=============================================================================================:========~========= 
1977 Project \nlater Balance CZ\cre-Feet) 

================================================================================================================ 

~:DJTH 30 t-..HD 0? OJN'rOOL, Oh'YHEC PFDJECI' 

1977 Irrigated l\rea 38030 Acres 

================================================================================================================ 
==:============================================================================================================= 

t\pr il r.a y June July August Septemte:r Cctober season Total 
AF AF/Acre 

==================================================================================================:============= 
River (Res.) Diversion 33374 37518 42904 47214 45740 30406 7001 2441~5 6.4201 
SUpplementary Inflow 0 0 0 0 0 0 0 0 0.0000 
Groundvvatcr Diversion 0 0 0 0 0 0 0 0 0.0000 
1Dtal Project Inflow 33374 37518 42904 47214 45740 30406 7001 244155 6.4201 
Operational Losses 5315 5121 4835 4627 5395 4651 1482 31426 u. b263 
Seepage Losses 9876 8445 7790 7870 7244 5286 1436 47 947 1.2608 
f"ar l1t Deliveries 18183 23951 30278 34717 33101 20469 4082 164731 4.332Y 
Soil ~~nisture 01ange 39 100~9 -2855 -978 -861 -3366 -2766 -718 -0.0189 
Eff. Precipitation 459 5001 1534 660 1101 2871 171 11797 o. 3102 
Evapotranspiration 1269S 12448 19835 18170 14193 9692 3704 90735 2. 3859 
Irrigation Requirement* 12274" 17517 15446 16532 12231 3455 767 73221 2. 0568 
Runoff LOsses 6074 5853 5526 5288 6166 5315 1694 35915 0.9444 
t:eep Percolation -165 582 9307 12897 14704 11699 1621 50645 1. 3317 
i?r oj ect R.e turn Flow 11389 10974 10361 9915 11561 ~966 3176 67341 1.7707 
================================================================================================================ 
Project Conv. Eff.( %)** 
Project l\pp. Eff. ( %) 

Project Irr ig. Eff. ( %) 

54 
68 
37 

64 
73 
47 

71 
51 
36 

74 
48 
35 

72 
37 
27 

67 
17 
11 

58 
19 
11 

67 
47 
32 

67 
47 
32 

================================================================================================================ 

* Irrigation requirement = eva?Qtranspiration - effective preci pitz:1tion + soil moisture cuange 
** Project conveyance efficiency = (farm U.e1iveries) 1 (total inflow) * 100 
** Project application efficiency = (irrigatior: requirement) 1 (fu.rr:t deliveries) * l OU 
** Project irrigation efficiency = (irrigation requirement) 1 (total i nflow) * 100 
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================================================================================================================ 
1977 .?ro]ect Pater Balance (l\cre-Feet) 

===========================================================================================~==================== 

LI'rTLE ~·JILLC}i..J I HIUCl\Jt ):j :.J I Srrucr . 

1Y77 Irrigated Area 2370 l\crcs 

========================================~=========================·============================================== 

================================================================================================================ 
At?ril ~ ·ay Ju'1e July August Sep tember October Season 'Ibtal 

AF AF /Acre 
================================================================================================================ 
River (Hes.) Divers ion 1413 1270 1976 1601 2226 112 0 8593 3.6278 
SUpplementary Inflow 20 21 67 119 110· 21 0 358 0.1512 
GrourKiwlater Diversion 0 0 0 0 0 0 0 0 o.oooo 
1btal Project Inflow 1433 1291 2043 1720 2336 132 0 8956 3.77'd 'J 
Operational Losses 198 246 238 246 246 0 0 1174 0.4954 
&..~page Los ses 0 0 l) 0 0 0 0 0 0.0000 
far in Deliveries 1235 1045 1805 1475 2090 132 0 7782 3.2836 
SOil :·..oisture Olange 111 444 0 -221 0 -420 0 -85 -0.0360 
£ff. Precipitation 6 313 21 94 80 127 0 641 0. 2704 
LVapotranspiration 598 798 1330 1554 1067 659 0 600'i 2. 5345 
Irrigation Requirement* 703 929 1310 1239 988 112 0 5281 2. 2281 
Runoff lOsses 0 0 0 0 0 0 0 0 0. 0000 
D?ep Percolation 532 116 496 235 1102 20 0 2502 1.0555 
Project Return .E'low 198 246 238 246 246 0 0 1174 0.4~54 

======================================================·:=======;================================================= 
Project Conv. Eff.(%)** 86 81 as 86 89 100 0 87 87 
Project l\ ~;:>p. Eff. { %) 57 89 73 84 47 85 0 68 68 
Project Irrig. Eff.{%) 49 72 64 72 42 85 0 59 59 
==========~============~=======================================================--=============================== 

* Irri9ation requirement = eva[x:>trunspiration - e f fective precip itation + soil moisture change 
** Project conveyance efficiency = (farnl deliveries) 1 (total inflow) * 100 
** Project application efficiency = (irrigation requirement) 1 (far m deliveries) * 100 
** Project irrigation efficiency = (irrigation rea uiremcnt) 1 (total inflo\v) * 100 



APPENDIX E 

GRAPH.S ~ Of SEASONAL UATER USE FOR 
COORPERATING IRRIGATION PROJECTS DURING 1977 

Enterprise 

Parks & Lewisville 

Osgood 

Idaho 

Danskin 

Burley 

A & B 

Milner Low Lift 

North Side 

Wood River Valley 

Salmon River 

Cedar Mesa 

Bell Rapids 

King Hill 

Settlers 

S. Board of Control 

Little Willow 
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ENTERPRISE IRRIGATION DISTRICT 
5970 IRRIGATED ACRES 

TarAL INFLDN 
20,100 AF 
337 AF/A 

...... . 
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'"· . . , ·., ' 
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DEEP PERCOLATI 
4~40 AF 
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PARKS a LEWISVILLE IRR. CO. INC. 
8500 IRRIGATED ACRES . 

OPERATIONAL LOSSES 
43,260 AF 

41% 

DEEP PERCOLATION 
39,7~0 AF 

38% 

TOTAL INFLOW 
10~.9~0 AF. 
12.46 AF/A 

MAY JUNE JULY AUG. SEPT. OCT. 
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OSGOOD CANAL CO. (U81 SUGAR CO.) 
6220 IRRIGATED ACRES 

TOTAL INFLOW 
16,9!50 AF ------

2.73 AF/A 

OPERATIONAL LOSSES 
1~00 AF 

9" 

- ---· ...,.SEEPAGE LOSSES 

DEEP PERCOLATION 
4490 AF ~---

26" 

., .... ·- .... "·· , ...... . .......... 
IRRIGATION., REQUIREMENT 

' ·· .. _ ·· .. , 8970 AF ·~ 

53" ·-, ' . 

1980 AF 
12" 

··-........._ ...... ,,_ 
0 '---------....._'__.,·' ----.;.--------~--~h~_J-~.--:~'---~~-

MAY JUNE JULY AUG. SEPT. -OCT. 
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IDAHO IRRIGATION DISTRICT 
35,600 IRRIGATED ACRES 

l'tUNOFF 
LOSSES 
4600 AF 
I" 

DEEP PERCOLATION 
111.600 AF 

36% 

TOTAL IN'FLDW 
314.300 AF 

8.83AF/A 

o~--~~~~~~~~~~~~~~~---

MAY JUNE JULY AUG. SEPT. OCT. 

251 



1- 10 
LIJ 
LLJ 
lL 

.. 
L&J 
en 
:::l 

9 

0:: 4 
LIJ 

~ 
~ 

DANSKIN DITCH COMPANY 
4738 ACRES 

DEEP PERCOLATION 
37,630 AF 

63°/o 

TOTAL INFLOW 
59,340 AF 
12.~~ AF/A 

MAY JUNE JULY AUG. SEPT. OCT. 
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BURLEY IRRIGATION DJSTRICT 
41,440 IRRIGATED ACRES 

TOTAL INFLDW 
23~SOO AF ---. 
~.69 AF/A --,, 

LL 55 · 
OPERAnONAL LDSSES 
._ 14.400 AF 

6~ 

l&.l 
a:: 50 
~ 
Q 45 
z 
<1: 
! 40 
0 

~ 35 

• 
l&.l 30 
C/) 
:::> 

a:: 25 
bJ 

~20 
~ -

>: 15 
:.J 
:E: 
1-10 z 
0 
:i 5 

0 

' 

... , 
··, 

-.... 
' ,, ~-

RUNOFF LDSSES 
4800AF 

~~- - --~----- 2 " 

DEEP PERCOLATION 
99,800 AF 

42 s 

MAY JUNE JULY AUG. SEPT: OCT. 
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A a B IRRIGATION DISTRICT 
73,850 IRRIGATED ACRES 

TOI"AL INFLOW 
282.960 AF -~--
3.83/#/A 

OPERAnONAL. LOSSES 
__., 4980 AF 

2" 

...... .._ ~SEEPAGE LDSSES 
23,890 AF 

as 

DEEP PERCOLATION 
100,820AF 

36 s 

MAY JUNE JULY AUG. SEPT. OCT. 
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MILNER LDW LIFT IRRIGATION DISTRICT 
13,480 IRR1GATtb ACRES 

-

-

OPERATIONAL LOSSES 
~----·· .. - 1530 AF 

TOTAL INFLOW 
~6,570 AF - · 
4.20 AF/A 

DEEP PERCOLATION 
24,220 AF 

42" 

3" 

SEEPAGE LOSSES 
._ 8~40 AF 

15~ 

RUNOFF LDSSES 
4380 AF 

8" 

MAY JUNE JULY AUG. SEPT. OCT. 
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NORTHSIDE CANAL COMPANY 
149,340 IRRIGATED ACRES 

TOTAL INFLOW 
794.930 A F ''·,_ 
~.32AF/A 

DEEP _-PERCOLATION 
1So,410 AF 

23" 

/ OPERATIONAL LOSSES 
2810 AF 

0.4% 

R~OFF LOSSES 
2!5.260 AF 3" 

MAY JUNE JULY AUG. SEPT. OCT. 
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WOOD RIVER VALLEY IRRIGATION DIST. 
4850 IRRIGATED ACRES 

TarAL INFLOW 
46,5~AF 
9.60AF/A ' · ..... 

SEEPAGE LOSSES 
_... 11,060 AF 

24 t. 

' DEEP PERCOLATION 
2~.810 AF 

~~.,. 

257 
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SALMON RIVER CANAL CO. LTD. 
19,770 IRRIGATED ACRES 

TOTAL INFLOW 
7S,960AF 
3.84AFIA ~ 

DEEP PERCOLATION 
20,990 AF 

27S 

,, ' .... ' ..... ........ ........... · , ·· .. ,. ' ·, 
.IRRIGATION REQUIREMENT ' ' 

' 27,010 AF ., . '--. ' '·· ., 
- ·.,_ 36 -" ............. . ·. -., ... ...... 

... ..... -.. ·~ . ' , ......._ ~ . . ., 
.... . · ........ ~. ~ .. . ... 

MAY JUNE JULY AUG. SEPT OCT. 
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CEDAR MESA RESERVOIR a CANAL CO. 
4030 IRRIGATED ACRES 

·., 

"TOTAL INFLOW 
17,0~ AF 
4.23 AF/A 

DEEP PERCOLATION 
4890 AF 

29" 

'· . 

. ., ' ·-.. , . ·--- ~· .... , .. , ~-· ... ·.~· · - ~ · . . ... ' . '· · ..• , 

, -, IRRIGATION REQUIREMENTS ~ 

-~~ - ·~·-. ·· --~~ 6890 AF , '- ·· ... , , :-~·~, 
~- . . '· .. ·-. ~0 !- '-~·· · .. -~ - ' -. -, '-.>' 

·, , 
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BELL RAPIDS MUTUAL IRRIGATION CO. 
25,520 IRRIGATED ACRES 

TOTAL INFLDW 
66,910 AF 
2.62 AF/A · 

SEEPAGE LOSSES 
----~/ !5440 AF 

DEEP PERCOLATION 
24,640 AF 

37" 

.... . . ....... ...... - ......... -.. .... -

8~ 

IRRI.GATtON' REQUIREMENT , .___ -,_ 
36,840 AF , ""-' . -. ·~.· ,, 

........... _ 

~.__ 
!5~" ', ·.. ·--... ' --~-- '. ~-~-· .. , '_, . ', .. 
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KING HILL IRRIGATION DISTRICT 
11,000 IRRIGATED ACRES 

OPERATIONAL LOSSES 
17,700 AF 

16 " 

DEEP PERCOLATION 
36,700 AF 

33" 

TOTAL INFLOW 
111,900 AF 
10.17 AF/A 

MAY JUNE JULY AUG. SEPT. OCT. 
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SETTLERS IRRIGATION DISTRICt 
9440 IRRIGATED ACRES 

DEEP PERCOLATION 
13,700 AF ,. 
29" 

,, ' ' ' ...... ., . ·,, -. 
. , . __ ' IRRiGATION REQUIREMENT. 

"- 22,090 AF """ '·. ··-
.. 47" ' · ..... · .. """ ·~, ..... . 

..... 

·. ~ ·-..... ,, 
· .. :···- ............ 

MAY ~NE ~LY ~G. SEPT. OCT. 

262 



··-· -·-- --- - ··-··-·· -~ . -·· ... ... - ~·- -----------
SOUTH BOARD OF CONTROL,OWYHEE 
PROJECT- 38,030 IRRIGATED ACRES 
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TOTAL INFLOW/ 
244.2CDAF 
6A2AF/A 

DEEP PERCOLATION . 
50,600 AF 

21 " 
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··..... ·· .. 

0 _2_Mkf >JtiNE j~Lv. ilJG. ·s~Pi: ~~, 
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I LITTLE WILLOW IRRIGATION DISTRICT 
I 2370 IRRIGATED ACRES 
l 

2.2~ 
I 

TOTAL INFLOW 
8960 AF 
3.78 AF/A 
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LLI 2.0~ 
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, IRRIGATION REQUIREMENT -
_ ··--.. ...,__ S280 AF ' · , , ' · --~---~ 
_ - . ·-. ·. ~ S9" -~_'·- -~-- - -- <.·-<: :_~ 

............... 

'··· ·-... , 
·-- ··--., 

1, , >I -, --, I' ..., I' ~ . i ·, ..., __j _ _ __. 

MAY JUNE JULY AUG. SEP1: OCT. 

264 



APPENDIX F 

GRAPHS OF APPLICATION, CONVEYANCE AND 
IRRIGATION EFFICIENCIES OF COOPERATING 
IRRIGATION PROJECTS DURING 1977 

Enterprise 

Parks & Lewisville 

Osgood 

Idaho 

Danskin 

Burley 

A & B 

Milner Low Lift 

North Side 

Wood River Valley 

Salmon River 

Cedar Mesa 

Bell Rapids 

King Hill 

Settlers 

S. Board of Control 

Little Willow 
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6 
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1 0 
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1 3 
14 
1 5 
16 
1 7 
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21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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1977 

1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 

APPENDIX G 

Project Parameters, Costs, and Water Use 

Variables Used in Statistical Analysis 

Irrigated area, acres 
Project distribution system length, miles 
Water users > 20 acres 
System turnouts 
Irrigated acres/mile of system 
I nf 1 ow, af 
Canal seepage, af 
Operational losses, af 
Farm deliveries, af 
Effective precipitation, af 
Farm runoff in return flow, af 
Farm deep percolation, af 
Evapotranspiration, af 
Irrigation requirement, af 
Project return flow, af 
Groundwater pumped, af 
Inflow, af/A 
Canal seepage, af/A 
Operational losses, af/A 
Farm deliveries, af/A 
Effective precipitation, af/A 
Farm runoff in return flow, af/A 
Deep percolation, af/A 
Evapotranspiration, af/A 
Irrigation requirement, af/A 
Return flow, af/A 
Groundwater pumped, af/A 
Canal seepage, % inflow 
Operational losses, % inflow 
Farm deliveries, % inflow 
Effective precipitation, % inflow 
Farm runoff, % inflow 
Deep percolation, % inflow 
Evapotranspiration, % inflow 
Irrigation requirement, % inflow 
Return flow, % inflow 
Groundwater pumped, % inflow 
Effective precipitation% inflow farm deliveries 
Farm runoff, % farm deliveries 
Deep percolation, % farm deliveries 
Evapotranspiration,% farm deliveries 
Irrigation requirement,% farm deliveries 
Return flow,% farm deliveries 
Project conveyance efficiency, % 
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45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
Bo 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

1977 
1977 
1977 
1977 

1977 
1977 

Total 

1977 
1977 

total 

1977 
1977 

Total 
Total 

1977 
1977 

Total 
Tota 1 

1977 
1977 

Total 
Total 

1977 
1977 

Total 
Total 

Project applicati:on efficiency,% 
Project irrigation efficiency, % 
Project 0 & M assessment, $ 
Project 0 & M assessment, $/irrigated acre 
Project administration costs 
Project water control costs, $ 
Project maintenance costs, $ 
Project power costs, $ 
Project reservoir 0 & M costs, $ 
Project 0 & M costs, $ 
Project costs, $ 
System costs, $ 
Project administration costs, % system costs 
Project water control costs, % system costs 
Project maintenance costs, % system costs 
Project power costs, %system costs 
Project reservoir 0 & M costs, %system costs 
Project 0 & M costs, % total system costs 
Project costs, % total system costs 
Project administrative costs, % 0 & M costs 
Project water control costs, % 0 & M costs 
Project maintenance costs, % 0 & M costs 
Project administrative costs, $/acre 
Project water control costs, $/acre 
Project maintenance costs, $/acre 
Project power costs, $/acre 
Project reservoir costs, $/acre 
Project 0 & M costs, $/acre 
Project costs, $/acre 
System costs, $/acre 
Project administration costs, $/mile 
Project water control costs, $/mile 
Project maintenance costs, $/mile 
Project power costs, $/mile 
Project reservoir costs, $/mile 
Project 0 & M costs, $/mile 
Project costs, $/mile 
system costs, $/mile 
Project administrative costs, $/user 
Project water control costs $/user 
Project maintenance costs, $/user 
Project power costs, $/user 
Project reservoir costs, $/user 
Project 0 & M costs, $/user 
Project costs, $/user 
System costs, $/user 
Project admistration costs, $/acrefoot 
Project water control costs, $/af 
Project maintenance costs, $/af 
Project power costs, $/af 
Project reservoir costs, $/af 
Project 0 & M costs $/af 
Project costs, $/af 
System costs, $/af 

284 



99 
100 
1 01 
102 Total 
103 
104 
105 
106 Total 
107 Total 
108 
109 
11 0 
1 1 1 
112 
113 
114 
11 5 
11 6 
117 
118 
119 
120 
121 
122 
1 23 
124 
125 
126 
127 
128 
129 
130 1977 
1 31 1977 
132 1977 
133 
134 
135 
136 
137 
138 
1 39 
140 
141 
142 
143 
144 1977 
145 1977 
146 
147 
148 
149 
150 
151 

Administrative personnel costs, $ 
Water control personnel costs, $ 
Maintenance perosnnel costs, $ 
Personnel costs, $ 
Administrative personnel costs, % total personnel 
Water control personnel costs,% TPC 
Maintenance personnel costs % TPC 
Personnel costs, % Project 0 & M costs 
Personnel cos t s, % total system costs 
Administrative personnel costs, $/acre 
Water control personnel costs, $/acre 
Maintenance personnel costs, $/acre 
Total personnel costs, $/acre 
Administrative personnel requirement, man-years 
Water control personnel requirement, man-years 
Maintenance personnel requirement, man-years 
Total personnel requirement, man-years 
Administrative personnel requirement man-years/acre 
Water control personnel requirement, my/acre 
Maintenance personnel requirement my/acre 
Total personnel requirement, my/acre 
Administrative personnel requirement, my/mile 
Water control personnel requirement, my/mile 
Maintenance personnel requirement, my/mile 
Total personnel requirement, my/mile 
Administrative personnel requirement, my/user 
Water control personnel requirement, my/user 
Maintenance personnel requirement, my/user 
Total personnel requirement, my/user 
1977 Project electrical power consumption, kwh 
1977 Project electrical power consumption, kwh/acre 
Project electrical power consumption kwh/mile 
Project electrical power consumption kwh/user 
Project electrical power costs, $/kwh 
Maintenance material costs (Inc. weed control) 
Maintenance material costs, $/a 
Maintenance material costs, $/mile 
Maintenance material costs, % Total 0 & M costs 
Project equipment depreciation, $ 
Project equipment depreciation, $/a 
Project equipment depreciation, $/mile 
Other equipment and vehicle depreciation, $ 
Total equipment depreciation, $ 
Total equipment depreciation, $/a 
Total equipment deprec~ation, $/mile 
Total crop value, $X10 
Average Crop Value, $/a 
System Turnouts, #/a · 
System Turnouts, #/mile 
System Turnouts, %measured 
System Turnouts,% Checked daily 
Number of project ditchriders 
Irrigated area served by ditchrider, A/dr 
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152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

System length served by ditchrider, miles/dr 
System turnouts served by ditchrider, T.O./dr 
Daily distance driven by ditchrider, miles/day 
Percent of system-open-channel, % 
Percent of system-lined-open channel 
Percent of system-pipe, % 
Percent of system-lined channel+Pipe,% 
Percent of water delivered at high pressure,% 
Percent of high pressure water pressurized by project system % 
Percent of high pressure water pressurized on the farm, % 
Surface/gravity application systems,% total 
Sprinkler application systems,% total 
Project perimeter, miles 
Project compactness ratio 
Maximum project elevation, feet 
Elevation differential, feet 
Elevation differential, feet/acre 
Elevation Differential, feet/mile of system 
Average project farm size, acres 
Average terrain code 
Average soil type code 
Average soil depth, inches 
Average water holding capacity, inches/foot 
Water delivery type code 
Earliest flow right, date 
Average flow right (weighted), date 
Total flow right, cfs 
Total flow right, cfs/a 
Total flow right, cfs/af of 1977 inflow 
Storage right, af · 
Storage right, af/A 
Storage right, AF of 1977 inflow 
Project or1g1n (Federal vs non-Federal) code 
#Production irrigation wells operated by project 
1977 Abailable reservoir storage, af · 
1977 Available reservoir storage af/A 
1977 Available reservoir storage, af/af of 1977 inflow- : 
Average salary of district personnel, $/man-year 
1977 Potato acreage, % total 
1977 Alfalfa acreage, % total 
1977 Grain acreage, % total 
1977 Alfalfa + Grain acreage, % total 
Canal wetted area, acre 
Canal Maximum seepage rate, acre-feet/day 
Average canal maximum seepage rate, cubic feet/sq foot/day 
Irrigated area per canal wetted area 
Available 1977 reservoir storage/reservoir storage right,% 
Users/ditchriders 
Personnel costs/mile 
1977 crop value/acre-foot of inflow 
1977 crop value/acre-foot of evapotranspiration 
1977 assessed area,acre 
1977 irrigated area/assessed area, acres. 
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1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Corresponding index numbers with a 
obtained by use of a simple ratfo. 
a base 1967 = 1.00 may. be obtained 
listed above by the ratio 1 

1. 22 

I_. - I 

1. 09 
1. 10 
1. 12 
1. 1 1 
1. 14 
1. 15 
1. 18 
1. 22 
1 • 2 7 
1.30 
1. 38 
1.43 
1.49 
1 . 55 
1 • 63 
1. 75 
1. 92 
2.09 

base year other than 1956 may be 
For example, new index numbers with 

by multiplying the index numbers 

from ''Irrigation Operation and Maintenance trends" United States 
Department of the Interior, Bureau of Reclamation. Engineering 
and Research Center, Division of Water Operation ·and Maintenance, 
Denver, Colorado, July, 1978. 
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I 

205 
206 
207 
208 
209 
210 
211 
212 
213 

Daily ditchrider mileage/miles of system per ditchrider, % 
Maximum conveyance capacity, cfs 
Maximum conveyance capacity, cfs/acre 
Total number of pumps operated by project 
Total irrigated area/pump, A/pump 
Total project pump horsepower, hp 
Total project pump horsepower/acre, hp/A 
Total water supply pumped by project, % total inlfow 
Total water supply routed through project or private pumps, 

% total inflow 
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APPENDIX H 

UNITED STATES BUREAU OF RECLAMATION 

IRRIGATION OPERATION AND MAINTENANCE COST INDEX 1 

1956 = 1. 00 

Year 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Corresponding index numbers with a 
obtained by use of a simple ratlo. 
a base 1967 = 1.00 may. be obtained 
listed above by the ratio 1 

1.22 

Index 

1.00 
1. 00 
1.04 
1. 07 
1. 09 
1. 10 
1. 12 
1. 11 
1 . 14 
1. 15 
1. 18 
1. 22 
1.27 
1.30 
1. 38 
1. 43 
1.49 
1 . 55 
1. 63 
1. 75 
1. 92 
2.09 

base year other than 1956 may be 
For example, new index numbers with 

by multiplying the index numbers 

from 11 1rrigation Operation and Maintenance trends 11 United States 
Department of the Interior, Bureau of Reclamation. Engineering 
and Research Center, Division of Water Operation ·and Maintenance, 
Denver, Colorado, July, -1978. 
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