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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-
sations 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 project water-use and irri-

gation efficiencies.

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
Tevels 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.



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 measurements and information pertaining
to soil characteristics. Irrigation requirements of project crops were
calculated using a combination evapotransoiration equation, crop acreages
and average cropping dates. Surface runoff losses and return 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. Al1 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 form in the report
text and in report appendices. A simple-linear correlation analysis
was performed 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 costs 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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researchers to estimate various 0 & M costs of irrigation projects in
Idaho and to study relationships between various system characteristics.

Per unit cdsts 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 1ifts 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 percolation
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



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

xiv



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 system 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 of 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 diversities

within relationships between operation and maintenance costs and uses

of water within individual irrigation 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
jrrigation 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.

A11 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 relationships
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 personnel 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
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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 wéter 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



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 circumsténces. 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 Tining 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 irrigation projects were



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 Hi1l Irrigation District, Settlers Irrigation.District,
Owyhee Project, South Board 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.



+ Figure 1. Locations of Cooperating Irrigation

Projects and Snake River System in
Southern Idaho.
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CHAPTER Il
IRKIGATION 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 responsible 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 1870'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 1ying 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
Tower 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 Tifted 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 Tog 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 highly
permeabie 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 remain 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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requlate 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 were 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 1940'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 jrrigation 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 Toam
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 Tow 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
jtself 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 principle 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 Users

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" 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

15

@

¢

@



1Y

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 "water delivery organization" and "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

A1l 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 policy and assessments 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 financial

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
jrrigation 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. Construction 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 provide 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
1ists, 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 jrrigation projects
requires measurement, estimation, or computation of all 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 (evapotransipration), seepage losses,
effective precipitation, total diversions, and 'supplemetary 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 cm or more of top growth.

The modified combination equation is:
E* = ﬁ (R - 6) + 71 7.44 (0.75 + 0.9923 u) (&) - e) (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

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

A = the slope of the saturation vapor pressure-temperature curve;

21



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. Radiation 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 Kimberly ET data.

Evapotranspiration of crops grown in each project studied was

computed using crop curves developed at the Kimberly Research facility.

22



WILDER REXBURG 4
* E
HAILEY

LRUPERT
KIMBERLY*

Figure 2. Locations of weather data collection sites
which supplied data for evapotranspiration
calculations.
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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 evaluated. Crop distribdtion 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 across 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 was assumed
to:be zero for fields planted after May 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.

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 Tosses, 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
Soils, 1976 - 1977.

CROP %Depletion %Depletion Previous
of available of available Crop
moisture moisture
Oct. 131, 1976, 1977 April 1, 1977
Alfalfa 40 50 Alfalfa, Peas, Grain
Beans (Dry) 50 55 Beans, Beets, Potatoes, Grain
Corn 60 40 Corn, Beans, Potatoes, Grain
Pasture 40 40 Pasture
Peas 50 50 Beans
Potatoes 30 50 Grain, Alfalfa
Sugar Beets 20 55 Grain, Beans
Spring Grain 70 35 Beans, Potatoes, Beets
Fall Grain 70 50 Grain
Onions 50 40 Onions
Vegetables 40 40 Vegetables
Orchards 40 40 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
all projects. Soil types for projects were obtained from surveys and maps
provided 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 - Pe + asm (2)

Total monthly project irrigation requirement,
acre-feet per month

where: IR

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

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

aSm = Net monthly change in soil moisture over entire

project, acre-feet per month

ASm is positive if the soil moisture reservoir of cropped lands is replenished

by irrigation and acquires a negative sign during periods of net soil moisture de-
pletion before harvest. In midseason months, Asm 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 Seepage 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 including a time-
rate function:of seepage in the estimation equation. This modified

equation is of the form:

q = Qs e
s=05s, (1+2—0N o571 02 (3)
L Imax - “min
where: S = estimated daily seepage rate, acre-teet/day
Smax = maximum (potential) system seepage rate, acre-
feet/day computed using measured wetted canal
areas and a seepage coefficient
Gq = mean system diversion for period evaluated, cfs
Qnay - Mmean system diversion for period of maximum
diversions, cfs
Gnin = diversion rate, cfs, below which seepage rate
remains steady at 0.5 Smax‘ In this study G 0.2q
Li = average time, in days after filling of system

after season start.

29

max



&y

This equation is used with diversion rates greater that q . and less

9 .=7d
the (1 + = —————) term should be

At rates lower than q
Anax ~ Imin

than Imax’ min’
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'O'25 term is less than 1.
This time term compensates for reductions in irrigation canal seepage
rates caused by sealing of canal bottom substrate by deposited silts and clay
particles and decreases in water entering bank storage along the canal
system.
Equation 3 was calibrated for use with 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 94 in Equation 3. The Gmax 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 Smax variable in Equation 3 was calculated by multiplying the

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 soii types ranged_from.O.SSft3/ft2/day for
clays, 0.67 for silty soils, 0.95 for 1oam soils, and 1.33 ftjfftzfday

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
are listed in Table 3.

Taple 3. Relationship Between Channel Wetted Perimeters and Measured
Top Widths.

Average Channel Top Width Wetted Perimeter
(feet) Coefficient
0 - 12.5 <30
12.5 = 25.0 1.20
25.0 - 200.0 1.10
- 200.0 1.05

Project Return Flow

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.
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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 Tack 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,

panskin Ditch Company, and the North Side Canal Company projects during
the 1977 irrigation season. Estimates of North Side return flows were
also adjusted using measurements of various return flow sites taken
during 1977.

Return flows from Milner Low Lift, Settlers, and the 'B' 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

deSonneville (1973) for the 1972 jrrigation 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 discharged 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 occurs 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:

DP = FD - IR - SR (4)
where: 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
Farm deliveries were either obtained from measurements recorded by project

ditchriders or were estimated using the equation:

FD =TI - S - 0L (5)
where: TI = total project inflow, acre-feet/month
S = distribution system seepage losses, acre-feet/month
OL = operation spills from distribution system Teaving

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 iocated 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:

Q = 0.99 kwh (E) (6)
h
where: Q = monthly volume of 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
the 1977 irrigation season using weirs, flumes, stage recorders, and
current meters. Return Tlow 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 appred 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 "lost" 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 Tosses from an open
or closed distribution system in proportion to volumes of water conveyed.

In equation form, project conveyance efficiency is defined as:

E, = 0% (100) (7)
where: Ec = project conveyance efficiency, percent
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
the portion of farm deliveries used to fulfill the consumptive irrigation
requirement of project crops and soils. A high project application
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:

_ IR
Ea =D (100) (8)
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:

« it
EI = 5 (100) (9)
where: EI = 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.

Project irrigation efficiency can also be computed as E; = (T%b) (?%b) (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 districts 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. Although 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 Tand 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
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to jobs pertaining to control and delivery of water during the irrigation

season. Project watermasters are included as ditchriders, whereas
fulltime pumping plant operators are not. Estimates of average dajly
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 Saimon 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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A1l cost data analyzed in this report were collected for years 1974,
1975, and 1976 and adjusted to 1977 cost levels using the equation:
019?7 = (1.28 (:19?4 + 1.19 01975 + 1.09 C19?6) /3 (10)

équation 10 was used to smooth out yearly fluctuations in annual
costs by averaging data for the three years collected. Coefficients
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 data were missing 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
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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 jrrigation 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 O & 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 O & 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 Tighting 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.

Cap. Recov.
Category Est. Service Life Est. Salvage Value Factor
(Years) (Percent) (i = 0.06)
Automobiles 5 25 0.2374
Light Trucks (Pickups) 5 30 0.2374
Trucks 10 10 0.1359
Tractors-Trailers 15 10 0.1030
Drag Lines 20 10 0.0872
Tractors & Backhoes 20 10 0.0872
Misc. Equipment 10 0 0.1359
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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. control, 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 costs, or project watermasters,
ditchriders and pumping plant operators were included as water control
personnel costs.

A1l 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. A1l 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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CHAPTER 1V

ANALYSES OF 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 1880'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
jrrigated 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 deposits of silty and loamy soils are from 10 to
over 60 inches deep over basaltic bedrock. Along the Snake River and
tributary valleys, alluvial soils predominate and vary in texture from
deep sandy loams to gravelly loams. Deep layered soils of Tlacustrine
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, atfalfa 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 Withvariable fluctuations in yjelds 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 1ie 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 O & 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 St. Anthony 1905 5070
Parks & Lewisville Irr. Co, Inc. Rigby 1888 4800
Osgood Canal Co. (U & I Sugar) Idaho Falls 1962* 4780
Idaho Irr. Dist. Idaho Falls 1905 4680
Danskin Ditch Co. Blackfoot 1883 4460
Burley Irr. Dist. Burley 1908 4160
A & B Irr. Dists. Rupert 1954-1971** 4250
Milner Low Lift Irr. Dist. Murtaugh 19]16%** 4240
North Side Canal Co., Ltd. Jerome 1907 3630
Wood River Valley Irr. Dist. Bellevue 1883 5060
Salmon River Canal Co., Ltd Hollister 1908 4500
Cedar Mesa Res. & Canal Co. Castleford 1921 4520
Bell Rapids Mutual Irr. Co. Hagerman 1970-1974 3270
King Hill Irr. Dist. King Hill 1908 2670
Settlers Irr. Dists. Boise 1884 2580
South Board Control, Owyhee Homedale 1913-1935**% 2400
Little Willow Irr. Dist. Payette 1913 2460
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* 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.
***x (Opganized and expanded into an irrigation district in 1952.
**x*% 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 1930'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 Toam 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 Tow 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 project 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 3625 horsepower 1ift 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 Tand 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. A1l 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 ditchrider-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 Tess 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 Toam 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 Tow. 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 Tateral 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 project 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 irnigated. Because of the small farm
sizes and Toam 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
jrrigated 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 Tifted
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 1ift. The total 1ifting capacity of the initial
relift station is about 1000 cubic feet per second. A1l pumps are of
a centrifugal design and are original equipment. A1l 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

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 loams, 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 beets, corn 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 O & 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, Tifting 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 1ift water 200 feet from wells drilled into
the Snake Plain Aquifer, the U.S. Bureau of Reclamation began irrigating
sections of Unit B in 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 1ift 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. A1l 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 1ifts 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 sTopes 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.
Eighty percent of 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 Tate summer surface water shortages, especially in years of low winter
precipitation. 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 1oss 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

68

[ 7Y

"



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 during the first 20 years of operation 60 percent of the
CMRCC 1is 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 ysing 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 1ine laterals, and one and a half miles
of buried pipeline. A1l 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 percent.
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 developed 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 1ifts 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 designed 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 Project 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 Targe numbers of nonresident help hired during 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 project
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 1ifts 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 theproject 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 Hi1l 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 miles of pipelines and siphons. System diversions were made
from the Malad River east of the Snake, where it wasconveyed 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 ditchriders 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 the spring of 1979. These pump installations Tlocated on pier
systems extending into the river channel began diverting water into the
King Hi1l 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 Hi1l 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 Toam soil and many
fields slopes are much greater than 3 percent, sprinkler systems are
the predominate on-farm irrigation method used in the King Hill District,
covering 80 percent of all irrigated land.

During the 1977 irrigation season, about 11,000 acres of King
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Hi11 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 Hi1l system
in 1977 was lost as canal seepage, and about 16 percent of system diver-
sions were spilled from the Tong, winding system due to bottlenecks
at various control structures and a Tong lag time in system response
to changes in diversion or delivery rates. Even though project 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 Tength of the King Hi1l 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.
The 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 Service in the early 1900's.

The Settlers District 1ies 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 1imits 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 Tlateral 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 O & 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 tunnels, siphons, or pipelines. The balance

of the system is earthen canal. Six ditchriders are employed by the
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project to regulate farm deliveries, Farms in the.SBC project average
77 acres in size, with about 500 farms in total. The western half of
the SBC project is in rolling terrain with slopes greater than 3 percent.
The eastern and older portion 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 Little 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 paralleling the stream. Because of the topography and
geology of the conveyance system and valley, no net seepage loss of
water actually occurs from the Little Willow 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 irrigated 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 irrigated acre during 1974, 1975

and 1976. The 1977 0 & M assessment by the district was $10.00 per irrigated acre.

on



v

CHAPTER V
PROJECT PARAMETERS, WATER USAGE, AND O & 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 turnouts

operated by the Northside Canal Company with an average of 450.
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A type of project shape factor was used in this study to describe
the compactness of project service areas in relation to relative boundary
parameters. Of the projects studied, 0sgood, 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 irrigated acres per cfs at maximum system

capacity.

83



L - % - * - &
90UBULJ UOLJONUISUOD WBYSAS JO BDUNOS ULBK
55 0z1 0 09 0 0 00lL 93eAlLdd MOLLLM 313311
08°1L 0S€ 0 Gé8 9 S ¥6 Lé4spa4 |0J43uU0) JO pueOg °S
€L°2 0S§1L 1 50¢ 0 0 0oL 93RALJUd SJ43[338S
9. % G6€E 0 06¢ 8 6l 26 Le49pad LLLH Buly
G6° € 0Ly 0 FA% L6 0 6 93eAldd spidey ||2g
§5°62 G2¢€ 0 G0l Al g 88 93BALUd BS9| Jepaj
70°6 G86 0 S0/ 6 L L6 Le4apa4 49ALY uow|es
lv" € S/ 19474 GL9 0 0 00L 93eAldd A3 LB\ 43ALY pOOM
e L 7101 0 0S0¥ L 0 66 93eAldd SpLS YjuoN
VAN e 0 962 8 0 26 93eAldd 3317 MO J3U| LY
0¢ 1 002 L8 0¢elL L 0 66 LeJd2pay a8y
GL°0 oy 0 GZElL 0 0 00L LeJdapajy A3 ung
09°1L 2€ 0 20¢ 0 0 0oL 91BALUd uLysueq
0g"1 g6l 0 0vSL 0 0 00l 93BALdd oyepr
L9°2 08 6 G0l 9/ 0 2 93BALUd poobsQ
90°¢ ¢l 0 ¢S 0 0 001l 93BALdd S| LASLMIT B Sided
EE"C qg 0 61 0 0 00l 91eALdd 9studuajul
(9Ltw sAs/33) (2994) 9 (s40) -dep adid |suuey)  |auuey) yuLbLag 3299(0ud
92Udud44LQ 20UdU344LQ J493eM UOLSUBALQ % pauLi uadp
UuoL3eA33 uoLa1eAd |3 punouJy wnwLxep o A
*we3sAs uotinqLalstp 3o8foud uorjebrad] */ alqey

84



aaoe pajebLadl £/61/$ “@nLeA doud SSOUY xxx
AaLoeded BuLplOY 4DIEM xx
Jasn Jo3em Jad pajedado eade pue| abesdAy  x

9€2 57 ot weo| 08 02 of 09 0.1 MOLLLM @133L7
922 A 8¥ weo| 0§ 0§ 01 06 LL LO43u0) jO paeog °S
G681l €2 81 weo| 3Lts O 001 0 001 9 S49[223%
AA g 09  weo| Apues /9 €€ 08 02 01 LLLH BuLy
069 G2 Ge weo| 3Lts 00T O 00T 0 0041 sptdey |L°d
1€2 G2 Ge weol 3LLts 0 00T 0 001 00§ oS3 Jepa)
G61 G2 Ge weo| 3LtS 0§ 0§ 6 16 0L1 JBALY uou|es
L91 b2 0€ weol 3Lis O 00T rA ] 85 %02 A3 e\ 48ALY POOM
GL2 0°2 8t weo| 08 02 0€ 0L 9€1 apLS Y3UoN
£ve b2 8P weol 3Lts 00T O 1 66 €91 3417 MO JBULLW
652 22 09 weol 00T O 01 06 32 aRy
802 2 8P weo| 0§ 0§ T 66 G/ Karang
681 (g 09 weol 0 00T 01 06 GL uLysueq
20€ 81 9¢  weo| Apues 0 00T g G9 08 oyepI
0ve L°2 8y weol 3LLs O 00T 001 0 09¢ poobsQ
79€ AR 9¢  weo| Apues O 001 0 00T LS BLLLASLIMOT B Syded
9.2 v°2 8t weol 3LLs 00T O G6 g G6 astuaduajul
n_.um.nogn_

wex(V/$)  (34/uL)  (s8yout) adAL (%01-€) (%€-0) Po3ebiaar PpajebLadl  (S34dY)

anpep doa)  xxJHM  yadag LLOS  LLOS (%) 3 quLads  ddeJung *9ZLS

L161 abeuany abeaaAy 9beasAy  ado|S pue] ¢ Y waed *9AY
UOLJRWJOJUL S| LOS pue wuel 129Coud uoLjebLau] °gQ 3|qel
- ”~ & - L3

85



Project Farms and Soils

Average farm sizes of projects covered in this report range from
56 to 1700 acres, with a mean size 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.

General 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 / 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 project 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, systemage and design, and means

of water diversion. The average irrigated area served 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 booster 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 Water Rights and Reservoir Storage

Most irrigation companies or districts using water from rivers and
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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 Table 10 were computed by weighting
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 insufficignt 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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Valley Irrigation District, was not considered to be project-consumed power.

Power consumption has been divided by project irrigated area, total
Tength of conveyance system, and acre-feet of water pumped during 1977
to create a common format for means of comparison. Because of the high
1ift (600 feet) required to supply water toBell 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 private 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 Table 12 on a per irrigated acre basis. The 1977
irrigation season extended from April 1 to October 31, although upper
Snake projects did not begin water diversion until after May 1, 1977, and

several systems studied were shut off before October 1.
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Project Inflow

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 acre, 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 Tosses 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 acre feet
per acre during 1977, computed on a weighted basis. Average farm deliveries
of projects 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. A1l 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 Tower ET values are due, in large part, to large acreages of dry

beans having relatively Tow 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 areas is often greater than for the
Kimberly area, evapotranspiration and irrigation requirements calculated
for these four projects may be Tow (Burman et. al., 1975).

Irrigation requirements Tisted 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 during 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 projects may have been Tower 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 that small 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, Tow 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-
tenance 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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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 O & 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 farmoperations (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.

Personnel 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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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 Tlaborers, 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 Tables 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 mainté€nance activities required an average of 31 percent
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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 form $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
personnel costs, ranging from $44 on the Parks and Lewisville 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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CHAPTER VI

PROJECT WATER USE AND COST RELATIONSHIPS

Statistical analyses were performed on relationships 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 Tinear
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 .Hy: p= 0, where p is the population correlation
coefficient. A coefficient of determination (rz) equal to 0.232
(n = 17) marked the 95% level of confidence that the hypothesis was

2 equal to 0.367 or greater was classified

false, or that P# 0. Anr
as highly significant at a 99% level of confidence (o= 0.01). Meaningful
relationships with significant linear correlations (relationships) have

been presented in Tables 24-29 in this chapter. Unless footnoted,



these relationships are all highly significant (o< 0.01). Most terms
Tisted in these tables are defined in Chapter III.

Water Use Efficiencies

Listed in Table 24 are significant relationships between efficiency
terms and cost and parameter terms. As shown in this table, annual
project irrigation efficiencies were found to be 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 Tower 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 seasonal application efficiencies 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 dependence on
reservoir storage for project diversions have higher application

efficiencies. Also, project systems with large diversion capacities
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per unit area are apt to be less efficient in water application.
Project application 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 significantly affect project

116



(z€2°'0>,4 ) |dA3| @duapljuod %596 3e uedijiubis jou st diysuojje|au €
4 |9A®| 22uapljuod %G6 1B sdiysuojie|a1 jued|jiubis z
|2A2| @du2ap|juod %66 3e sdiysuoile|as juedijiubis Ajybiy L
|suuosiad |ejol % “s3sod
A31oeded bBuip|oy a231eM MO|ju] je/$§ “s3sod W 3 oN [2uuosaad |o43uod Juo3lepM
MO| 4 uaniay Mo|jul je/§ ‘@doueusjuley e/4e ‘13 doud asbedaay oe/je
uso3led Buiddou) Mo|jul je/§ €|043U0D J3lEpM Je/s3o ‘Ajioeded walsAg uojje|oouad desq
Jojulads % ‘449 uoljed||dde 323foud e/ie ‘salJanl|3p wieq
adAl |10S *3j° uolleblaua| 309foad oB/je ‘SuoisiaAlp 323[o0udyg
Aduai21443 oe/je ‘jjounu
uoijed| |ddy 3122loadg Je/je @3sem |euoljeuadg 2oe44ng 3129fouy
wa231sAs jo Mo|jul je/$§ ‘ooueudjuley
3| tw a9d saude pajebiia| Mo[ju] je/§ ‘|043u0D ud3EM
ssaujoedwod 329[oud MO| jul je/$§ “siso00 W 3 0 oe/je ‘abedesg |eue)
obe 3129foud ‘449 uolieblaua) 3108f0dy
adAl |10 ‘4§49 aouehaAuod 3109fodg ode/je ‘suolstaAalp 3290y
ssaujoedwos 32°foud lw/§ ‘s|eldajew asueuajujiey
Si9sn jo Jaquny oe/$ ‘|1043U0D U3]EM
yabua| waisAs Aji1oeded buip|oy s21em Je/je ‘MO|J uaniay
2z1s 3129foud L1os jo uoi3loel 31§ oe/je ‘uolie|oduad deaq

% ‘obesuce ej|ej|y

g ‘ebeau

o 031el0d

*}49 uolied)jdde 302loay
*149 uojlebaa 129(044

oe/je ‘sbedess |eue)
oe/S)D ‘Ajioeded walsAg

€

paie|aaun

ﬁﬁUum_wm Al@saaAu|

_ﬁwum_wm Al32341q

Je/le ‘SUOISUBALP
309fou4d L/61

-s3o29load oyep| po3d?d|as J0j

sD13S14930e4RYyD WA3ISAS pue 3sn 423eM //E| usamiaq sdiysuolle|dy -Gz 319VL

117



irrigation and application efficiencies in a negative manner (a = 0.01).
Percolation 1osses 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 O & M costs and systems with high water-user/
ditchrider ratios had Tow 0 & M costs. No significant correlations

were found between 0 & M costs and project size, efficiencies, total
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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 drrigation 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 (Tower 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, farm deliveries and deep
percolation per acre were lower for projects with higher per acre water
control costs. It is interesting to note that conveyance efficiencies,
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
jrrigated acre. High costs for maintenance were also significantly
related to costs for water control, 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 Tess
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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correlate quite well with other categories in the total O & 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 amounts 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 projects
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 acreages on pumping projects was higher
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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 of electrical 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 Tosses 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, Tow 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 "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 1isted 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 Tow
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.
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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 equation form using a
forward selection stepwise multiple Tinear 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 Tist presented in Appendix G. Two forms of regression
equations were developed during the regression analyses. A multiple linear
equation of the form:

Y = by by Xy +by Xy o ... X (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:

& (13)

where: Y the dependent variable representing 0 & M costs

><
1]

K = an independent variable related to Y

= a coefficient computed by regression

o
P
I
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k = the total number of independent variables included
in the regression equation
and b0 = 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:

VAR
sy 1.k = ¥ (14)

where: Sy.1....k = standard error of estimate of the
populations of Y values

y = observed value
; = 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 of descriptive 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:

Y =0.75 + 1.67 X (15)

1

where Y total annual project 0 & M costs, $/acre (1977)

1]

and 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
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 + 'l.59)(.I + 0.20 X2 (16)
where: Y = total annual project 0 & M costs, $/acre (1977)
Xy = 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 diverted 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 assessments would induce farm
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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 analysis. This equation has the

following form:

Y = 0,55 + ]6601X] + 0.058 X2 (17)
where: Y = total annual project 0 & M costs, $/acre (1977)
X] = total personnel requirement, my/acre
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 xz,
representing the percent of the project conveyance system which is Tined
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

134



lined channel 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 1ined channel 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:

Y = 3.83 + 5.07X, + 0.13X, - 0.012X, + 2.36X, (18)
where: Y = total annual project 0 & M costs, $/acre (1977)
x1 = 1 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.

Irrigation projects were designated as being of Federal origin if, at
sometime in the project's history, significant 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 Hi11l and the South Board of Control were considered
to be of Federal origin in this study. 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 O & 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

X, in equation 18, irrigated acres per system mile, can be readily

3
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 Tower
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 Tow 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

j GO
Y =6.25 - 0.032){1 * 0.029X2 + 4.45X3 + 3.30X4 + 0.022X5 (19)

where Y = total annual project 0 & M costs, $/acre (1977)
X] = jrrigated acres per mile of total system
XZ = jrrigated 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.

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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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 Xz 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 + 20.3X] + 0.155)(2 ¥ 12230)(3 (20)
where: Y = total project system costs, $/acre
X1 = project pump horse power per acre
Xz = 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

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 re 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:

Y=17.8 - 5.0?X] - 240}(2 + 8.59X3 ® ?06)(4 + 0.0?8X5 (21)
where: Y = seasonal project irrigation efficiency, %
X] = system turnouts/system mile
X2 = maximum system capacity, cfs/acre
X3 = soil type code
X4 = system turnouts/irrigated acre
and X5 = number of project-operated pumps.

Equation 21, with an rz 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

coefficients, the seasonal irrigation efficiency is higher on projects
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2

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 Tong, 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 + 0.355)(.| 5 8.03X2 - 0.0173X (22)

3
seasonal project conveyance efficiency, %

n

where: Y

<
"

] = average water right data, years

><
]

soil type code

and X irrigable elevation difference, feet.

The negative Y - intercept of this equation, -626, is due to large
positive values of variable Xl’ 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 xl 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 themodel, elevation difference
in feet, is the vertical distance between the highest and Towest 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

2

estimate conveyance efficiencies of all projects. The r~ 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 - 553)(1 + 0.?45)(2 + 0.186)(3 + 6.03)(4 (23)

where: Y = seasonal project application efficiency, %

>
1

maximum system capacity, cfs/acre

1
X2 = percent of project planted to alfalfa
X3 = percent of farm deliveries at high pressure
and X4 = so0il type code.

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 Tower infiltration rates. Variable Kz, 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 this crop caused by a Jonyg growing season and high evapo-
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 Tower 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:

Y = 0.182X, - 0.157X, - 0.0037X, + 5.35X

1 2 3 4
seasonal project return flow, % diversions

(24)

where: Y

><
I

1 system turnouts per ditchrider

><
1

o = System turnouts measured, %

><
I

s 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
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the degree of water control attainable in any particular project decreases
as the area covered per ditchrider is increased. Variable Xz indicates that

projects in which a majority of turnouts are measured have Tower 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 spills 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 X,, the total project water right in cubic feet per second,

3
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 rz 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 were 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 relationships 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 past 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 the Pacific Northwest.
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APPENDIX A

LOCATION MAPS OF COOPERATING IRRIGATION PROJECTS
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APPENDIX B

0O & M COSTS AND PHYSICAL CHARACTERISTICS
OF COOPERATING IRRIGATION PROJECTS

Enterprise

Parks & Lewisville

0sgood

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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Average !ileage / D.F. 50 mi/day

.. tileace / System Mile  3.33 npu/mi
veter pelivery lype -- Continucus

<ater Liverted, Lifted, or Pressurized with Project Pumps 0 % total
beter Livertleu, Liftea, or Pressurizeo with On-farw Pumps 95 & total

vater Delivered at Hiah bressure vy Froject

sprinkler Systems Pressurized by Project
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UPEEFATIUN AND MAINTENACCE COSTS

Adjustea 1977 Costs S $/acre $/nile  $/user s/ef FO&M $system
1977 UM Assessment 11940 2.00 796 190  0.59%4
{1) Adaministrative (bsts 1183 0.20 79 19 0.05% 5 5
(2) water Control Costs 4470 U. 75 29t 71 0,222 19 19
(3) Maintenance (osts 17283 2.8Y 1152 274 0.86C 75 73
(4) Annual Power (Dsts C 0. 00 0 ¢ 0,000 1]
(5) Reservcir O&! Costs a0c 0.13 54 13 0.04u 3
iotal (&1 Costs (1+243) 22536 3.84 1529 3p4 1,141 100 07
iotal prcject sts (1+2+4344) 22936 3.84 1529 364 1.141 27
10U

wotal System Costs (1+2+3+4+5) 23741 3.98 1583 37 1,183

sEEEEaTT—seaes oA e SES=Sssss=sS=sS====sz=os == ===
cEFEONNEL THFORMATIUN

T e mmr—me—e—ae = —

Adjustea 1977 Costs $ 5/acre S/mile  stotal
S=E=s=======s==s=osm —— 2+ - ——
Aainistrative rerscnnel Costs 576 0.096 36 7
\'eter Control Persornel Costs 3358 0.562 224 39
.aintenance personrel Costs 4734 0.753 3le 55
iwtal rersonnel Costs HAGT 1.482 578 U

rersomnel Tabor Feauirements meryears my /a ny /mi itotal
suministrative Labor 0.15 0,000025 ©0.010000 18
{'ater Control Labor 0.42 0.G00070 0.028000 q¢
raintenance Labor 0.25 u.0U0047 C.018667 33
iotal rroject  Labor .85  u,000142 0.056LG7 100

Mwveraage pPerconnel Cost  (total §/tctel my) € 10193 / year

SISCEILLAIOUS i i

fdustea 1977 Costs $ S/acre S/l sLwM
taintenance Materials purchasco 3647 0.61 243.13 1o
Iroject vehicle & fuip Deprec. 1] .00 U, e 0
itirec vekicle & Fouip Deprec. 3339 0.56 222,60 15
ictal vehicle & Douip Deprec. 3339 0.56 222,60 15
1277 vower Consumption 0 kwh G kwli/a 0 kvitn/mi
1477 Project fower (bets € C 1.0000 $/kwhi
1977 Crop value ¢ 1646000 276 S/a
1577 Crop value 82 $/af 143 s/ef of L1
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1977 Irrigated Acres
1977 Assessed Acres

jotal System lenagth (milces)

rroject ferimcter (niles)
Project Conpactness Ratioc

6500 yonfederal Oriain
£8700 rarliest Flow Right 6 -1-1883
35,0 Mwverage Flow piant 6-10-1840
25 Total Water Flow Pight 433 cfs
1.93 teter Right [uty 20 o/cfs

Irrigatea /cres / System wile 243

vater users > 20 acres

150

Usable Peservoir Storage 15250 af
Jsable peserwir Storaqe 1,79 afya

377 PRUJECE VALER USE

AF AF /A RINFLOV

“ater Diverted tc Project 105847 12,46 10
“eepage Losses 9759 115 9
Uerational Losses 43257 5.08 4]
rarm peliveries £2030 6.23 50
tifective Precipitation 3650 0.43 3
farw funoff in peturn Flow 0 0.00 U
leep percolation 39747 4.68 38
vepotranspiration 17378 2.04 16
lerigation feouirencnt 13183 I.55 1z
rroject feturn Flow 43257 5.09 41
1977 peserveir Storaae €500 U.68 5
1977 Project onveyance LUfficiercy 50 %

1277 project Aprlication Lfficiency 25 %

1977 project Irrigetion rfficiency 12 %

TOPOCT:APDY

dlest Irrigable plevation
Loweet  Irrinable Elevation
vlovation pifference
tLevation Ciff, / System Mile
Licvation Difference / Acre
‘weraoe lama Slooe 100w (G-3%

PROUECCT SERVICE AFECA

4n37 ft Avcrace garn Size 57 ccres
4765 ft S0il-—Sandy Loan
72 ft werace Soil Deptn 3G incties
2,06 £t/ni ave Geil loist tolding Cap 1.7 in/ft
.00 ft/e Gravity lrriqated Land 100 %
) 0¥ (3-10¢) Sprinkler Irrigated Lana 0 x

CunvEYAT LYSTE

Assessea Lard Irricated (1977) 90 %

VAATFE SOURCE

wital uysten lenaty 25,0 wiles fiver or Canal 100.0 %

wpen channcl 100,06 % Crounowator 6,0 %

linea channel J.C % Ctuer 0.0 %

vlpe 0.0 %

lined acnannel + pi[,,l'_‘ 0.0 ¢ T SeoaToEnaEe
canal Vetted Area 70 ecres VATER QONTROL
Canal Area / Irriq Area 0.82 R} ====== ST
VaX Leun Scopoae Pate 0.95 ft/Cey tunber of pitchricers 1
aximug giversion Capacity £12 cfs Irrigated Arca / Citchrider 6500
Irrigated Arca ot Max Cap. 16.6 a/efs tumber of Vater Users / D.¢. 150
‘roject Irrication wells 0 System I[ength / UL.E. 35 miles
froject ‘Total Pumps [ lurnouts per Litchrider 153
axinae bump Lenand C hp Turnouts leasurced vy U.F. 0 ¥
stber of System Turnouts 153 ‘lurncuts (hecked Daily 100 %
lurnouts / ile of System 4.4 Mverage Mileage / D.R. 50 mi/dey

irrigatea Acres / Turnout
‘casured Turnouts

56
0

L.k, Mileage / System {Mile

1,43 moo/ri

water pelivery Type —-- Continuous

vater viverted, Lifted, or Pressurized with Project fumps
‘ater Diverted, Lifted, or Pressurized with (n-farm Fumns

veter pelivered at High Pressure by Project
iprinkler Systems fressurized by project 0
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* FARKS & LOWISVILLL TRFICATICW CO. IHC.
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UPEEATT N AWD FATETLHA L0 2OS0E
wuswea 177 Costs 8 3/ecre S/nilc S/user &/at W& toystem
1537 Os*' Asscsanent 14432 1.70 G412 96 U.136
(1) Awdaistrative osts 2462 0. 29 it} 16 0.023 16 16
(2) Lieter (ontrcl Costs 7 U. 40 11l 26 1,037 25 25
(3) laintenance (osts c11¢ 1.07 261 61 0,086 59 549
(4) Annual fower Duts (4] 0,00 B o 0.000 0
(5) ®eserveir O Custs 232 0.03 7 2 g.oe2 1
retal LM Costs (1+2+3) 15452 Lo B2 441 103 0.146 100 99
wlal project (osts (1+42+4344) 15452 1.82 441 103 0.146 99
Iotal Systur Costs (1+243+4+5) 15684 1.85 444 105 0.148 100
FERSONWNLL 1NFORMATION
Aajusted 1977 Costs 2] S/acre S/mile  ttotal
Adrinistrative personncel Costs 594 G.U70 17 9
Jater ontrol  Personnel Costs 2727 0.321 78 4z
raintenance tersonnel Costs 3247 0.382 93 49
wotal Personnel Costs 6566 0.773 188 0
rersonnel [abor Peguirements manyear: my/e my/mi %total
Aduinistralive Labor 0.08 0.000009 0C.002286 9
vater Qontrol Labor 0.35 0.000041 C.0loco0 41
raintenance Labor 0.42 0.000049 0.012000 49
wtal Freject  Lawor 0.85  0.000100 ©,024286 160
averaae rersonnel Cost (total §/total ny) ¢ 7727 / year
ISCELLANDOUS i
fdjustee 1977 Costs s S/ecre S/ri w0
caintenance Materials purchased 2385 c.2 f2.14 15
rroject vehicle ¢ Fouip Deprec. 0 0.00 0. 00 0
uireu vehiicle & Dguip Deprec., 4043 0.48 115. 581 26
otal vehicle & iouip Deprec, 4043 0.48 115,81 26
1477 power (onsunption ( kwi 0 kwh/a 0 kwn/mi
1477 pProject power (osts § 0 (1, 0000 S/kwh
1977 Croo value S 3098000 364 $/a
517 Crog value 29 S/of 178 s/af of ET
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19477 Irricatec Acres 6220 wonfederel Origin
1377 Ascesscd /cres 6220 rarliest Flow Right 6 -1-1885
lotal gystem Iength (miles) 3.0 iverace Flow Right 8-10-1893
Project kerimeter (miles) 18 Total Water Flow Right 232 cfs
project Compactness Patio 1,57 i oter Right [uty 27 a/cfs
Irrigated Acres / Syster ptile 207 Usacle Reservoir Storage 21230 af
water Users > 20 ecres 17 Usable Reserwir Stcrage 3.41 ai/je

1977 PROJECT' VATER USL AF AF /A SINFLOV

fater Diverted to Project 16246 2ol 10C0

feepage Lossecs 1984 0.32 12

uperational Losses 1503 0.24 9

varm Deliveries 13458 2.16 79

if fective precipitation 2522 0.41 15

rarm Iunoff in Feturn Flow 0 0.0V 0

Leen rercolation 4487 0.72 26

[vapctranspiration 11207 1.80 66

irrigation Pequirement 8971 1.44 53

troject feturn Flow 1503 0,24 9

1977 Reservoir Storage 31807 5411 188

1977 Project (onveyance [fficiency 79 %
1977 pProject Application Efficicncy 67 %
1977 troject Irrigation Efficiency 53 %

——

JTOPOCRAPITY PRGIUCT SCRVICE AREAR
tilahest Irricavle llevation 4020 ft Averace Farm Size 360 acres
Lowest  Irrigable Clevation 4740 £t So0il---5ilt loam
Lievation pifference BG It Average Soil vepth 48 inches
flevation piff. / System Mle 2,€7 ft/mi ave Soil teist tolcing Cap 2.7 in/ft
ilevatior Difference / Acre (.013 ft/a Cravity Irrigated tand 0t
sverace land Slope 100% (0-3%) 0% (3-10%) Sprinkler Irrigatec Land 100 %

Asscuscu Lanc Irrigated (1977) 100 %

CUWEYMAICE SYSTEM PATEL SodICl

wtal ystea engto 0.6 miles Fiver or Tanal 1.3 1

upen channel 24,0 % Grourdwater 8,71

linec channel 0.0 % Ctlier 0.0 %

pipe 76.0 2

liped cuanrel + pipe 76,0 % B z==z===z==z= -t
venal Fetteo Area 20 ecres VAPEF CONTRIL
Canal Area / lrcrcig Mea 0.32 1 ==== ===s=zsz=== ===== ===
‘GXLnum Seecaor Rate 0.95 ft/cay lnber of Litchriders 2
vaximum Civersion Capacity 105 cfs 1rrigated Area / Ditchrider 3110
lrrigated frea at iax Cap. 59.2 a/fcls Juiber of Gater Users / D.R. 9
project Irricaticn tells 2 System Lenata / D.R. 15 miles
creject fotal bumes Ju Turncuts per pitchrilaer 1
caxin Pumg Dexand 3625 np Jurncuts Peasured by D.R. 0%
wunber of System furnouts 13 Turnouts Checkea Laily 160 &
lurrouts / Mile of Ystem  C.4 Average Mileaoe / U.R. 25 mi/day
lrrigated Acren / Turncut 478 0.k, Milesce / System Mile 1,67 mpd/mi
‘cagurea Turnouts !l tater pelivery ‘lype =- Continuous

vater pivertea, Lifted, or Pressurizec with project Pumps 100 % total
\ater piverted, Lifted, or Pressurized with On—farn Fumps 0 % total
\eter ielivered at fligh Pressure Ly Project 100 ¢ total
sorinkler Systems tressurized by Project 100 ¢ by farms 0 %
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UPEIDTON AND PATOTIUANL COSIS
ncjustea 1977 Costo g S/ecre S$/rile S/user S/af WOR
1977 08V Agsessnent C 0.c0 0 U G, 000
{1 Aoministrative osts 10169 1.63 339 598 0. €0 16 U
(£) voter Qontrol (osts 16535 2.72 565 996 U, 99y 2 10
(3) zintenancoe {osts 36372 5.85 1212 2140 4,146 57 21
(4) Annual Fower (bsts 1677%5 17,33 3523 6341 6. 201 (PR}
(L) veserveolr s (osts 1064 0.17% 35 63  0.063 1
lotal (& sts (1+2+3) 63476 10,21 2116 3734 3.746 100 37
Jotal froject Costs (1+24344) 171271 27,54 57049 10075 1e.1G7 93
jotal System Costs (142434445) 172335 27,71 5745 10137 10.170 100
PETSOOAEL THRORMAT LA,
adjusted 1477 Costs $ 5/acre S/tile  stotal
stdnistretive Fersonnel Costs 3045 1.2£2 258 25
ster vontrel  Personnel Costs 10877 1.749 303 24
‘alutenance ersunnel Costs 13508 2.172 450 2
otal perconnel Costos 32430 5.214 1081 0
wrscnnel Laber Peouirencnts manvears my/fa iy il stotol
rerinistrative Lapor 0,33 C,.000G653 C.CllLuo 16
ater entrol  Labor 0.64 0.000103 ©.021333 12
calotencnee Labor l.ee  G.0UG1T70  0.035333 52
wtal troject  Lever 2,03  u.000326 0,067657 160
Averame wersonnel Cost (Lutel 3/tctal ) 15875 / year
HSCELLANEUUS ]
Adjusten 1977 (osts $ $/ecre S/ni 204
“aintenance “aterials prurchascod 199200 .18 G660, 20 31
troject vehicle & Iouin Leprec, 1525 0.25 50.83 2
direu venicle ¢ touip Leprec. 3200 0.51 106, €7 5
otal vehicle & fruip Leorce, 4725 0.76 157.50 7
Lo77 power (wnsunstion 4207100 kwn 676 kwh/a 140236 kwh/ni
1497 Project Fower Sosts § 0 107795 U. 0286 S/kwh
15%7 Crae valuc ¢ 2116600 340 S/a
1977 Troe value 125 s/af 189 &/af of 1
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1977 terigated Acres 15600
1477 Assessed Acres 35600
iotal vstem lepgth (miles) 150, 0
truject veriscter (miles) 73
froject Compectness Patio 2.51
Irrimates feros / Systen Mile 227
ater sers > 20 acres 540

rwinfederal vriain
varliest Flow Pight 8-13-188x
Average Flow Pight 2-15-1889

Total Water Flow Rignt 1000 cfe
Uagter Piaght Duty 36 e/cts
Usable Peserwoir Storace 94941 af
ysaLle Reserwoir Storage 2.67 of/sa

Y77 eRWECT VATER USE

AF AP A THFTOUV

tater piverted to Project
recpaoe Losses
(erational Tosses

race peliveries

itfective pPrecioitation
Farm Tunolf in Leturn Flow
1eep rereclation
Ivanotranspiraticn
lrrisation Fequirement
vtoject leturn Flow

1277 rescrvoir Storaqge

314297 8.83 10¢

0676 1.71 19
#3231 2.34 26
170150 4,74 54
13371 0.39 4

4503 N.13 1
111586 3.13 36
GUE3U 1,93 2
54001 1352 17
27833 2.47 28
£5113 2.39 27

1977 sroject (onveyance Ifficiency 54 &
1977 vroject application Fificiency 32 %
1977 eroject Irricction Efficiency 17 §

it ferieaole Clevation 4750 ft
wubest  Irrisoule Elevation 4588 {t
levetion Lifference 145 ft

Jevation piff, / system Mile 1,30 ft/mi
ilovation uitference / pore 0,005 fe/2
wot ot Lamkd Slone 1004 (0-3%) 0¥ (3-10%)

COIVLYANCE SYSTRM

sten Lenoth 150. 0 miles

fical ¢
Giacn camnncd log, 0w
lineu whannel .U s
lpe U0t
lineo charnel + pipe 0.0 %
Conal Yetteo Arco 423 ocres
vanal Arec / Irriq Aree 1.19 ¢
uximun Seepace fate 1.07 tt/cay

axiuum piversion Capacity 1346 cts
Irricated prea at tax Cap. 23.1 a/cts

roject Irrication tells ¢
vroject Tetal pumps (1]
tanipum Ruirn perand 0 np

tuber of Syston ‘lurnouts d00
jurpouts / Mle of 9ystein 5.3
lrrigates Acres / 'lurnout 45
“'casureo Turnouts Ben

PRHOUNCT SERVICE ARDA

Averaoe Farm Size 20 acres
j0il--=-8ancy Loam

Averace Seil Lepti 36 inches
Ave Soil toist lolding Cap 1.8 in/ft
Crovity Irrigated Land 65 1
Sprinkler Irrigated Land BURE

Asseseed Land Irrigated (1977) 100 ¢

VATEER SOUFCE
Fiver or Ganal Y2.0 ¥
Sroundwater 61 AR
Ctner 7.4 1

number of Ditchiriders 4
Irriqated Area / Ditchrider 90U
lumber of vater Users / L., 135

System lerqth / U.R. 38 niles
Jurnouts per iitchrider 200
Tucnouts feasurec by K. 100 %
Turnouts Checked Daily e 1
Averace tileaae / .0, 6L wifuay

L R, Mileage / Systen Mile 1060 apc/ai
ilater Delivery 1ype —- Continuous

~oter piverted, Lifted, or Pressurized with Iroject bunps U ¢ total
| ater uiverted, Lifted, or fressurized with un-farm funps 11 § tetal
voter welivered ot Higo Pressure by Project 0 % total
‘prinkler Systems Pressurized by broject O 4 by rarms 100 %
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OPEFATION AL MALDFLCWANCT CUSTH
Aajusted 13977 Costs S S/xcre  S5/uile  S/user S/af $0&  isysten
1477 Q. Asscesrent 142400 4,00 240 264 C.453
(1) sdwinistrative osts 4383 n.82 196 54 0,093 23 22
(d) wieter Control Qosts 27022 .76 Leu 50 0,086 21 20
(3) "aintenance (osts T248¢ 2,00 45y 136  0.234 57 a5
(£} Annual Fower (osts ] J. vl 1 ¢ 0.00C i
{5) Reservoir OF° (osts 4296 .12 29 8 0.U14 3
jotal U& Costs (1+2+3) 129661 3.65 {6 240 C.413 100 97
rotal froject Coste (142+43+4) 129801 3.65 anl 246 0,413 97
Total Sveten Costs (1+2+43+4+45) 134157 3.7 fud 248 0.427 10v
PLISONNIL IHEORMATION
rajusted 1977 (osts s S/ecre S/uile  stotal

Mainistrative Fersonnel Costs 12625 . 355 {4 16

water (ontrol rersornel (osts 24367 U604 162 2

raintenance terscnnel Costs 39611 1.114 265 2

‘lotal krersonnel Costs 0003 “alS7 512 (i

=ns=z==s=I=== s=== ==z ooSSoSrI=SSISSSSSsSSsS=oooss

reraonnel [awer Peauirements  manvears wy/a wy/mi  wtotal

sdrministrative fabor 1,20 .0uu(3¢  c.eoreoe 15

Loter (ontrol  laver 2,40 L.00GLET  C.ulelol o

raintenance Labor 4,50  0,0001206  ©.e3000d 56

jotal rroject Laber €10 C.uoo220 0 0,054000 166

Averace perzonnel Cost  (total §/totel ny) 5 L4kz / year

(1 SCILLANEOUS

. Aojusteda 1U77 Losts & S/ecre S/ni ;6;1'

raintenalce 'aterials rchased 15842 0.45 165, 0] 12

sLoject vehicle & doip Leprec, BG0AO0 U.23 53.92 6

LAre vouicle & fouir peprec. 385 1,02 580 1

lotal vonicle € Douip weprce. 6973 (.25 EY.0e 1

1377 rewer (onsunption U hwli U bwi/fe 0 kun/al

1477 Fruject power Qosts & ) UL U000 £ /kwn

1577 Cre. valuc & 10751000 302 $/a

1977 Crop value 34 S/at 156 $/ef of o
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1977 Irrigatea “cres 4734 ionfederal CUrigin
1311 Assessea Aores OURG tarliest Flow pifght 6 -1-1506
Total Systen Lemtn (niles) 20.0 mverane  Flow Fiant 5=10~1904
rrujeet perimeter (riles) 19 lotal later flow Pioht 276 cfs
rruject Cosactness Ratio 1.87 . sater Rignt puty L7 a/cls
lrrigated Accos / Sesten tile 237 Usanle Teservoir Storage 2350 af
dater wsers > 20 acres 30 Jsaule Peserwoir Storaac 0.50 af/a

19717 PREST WNIER USE AP AF /A BLAFLOV

duler viverted to Project 52342 12.55 100

Soepune LosSses 1363 1.56 12

uxrational Losses 3273 u.69 G

vatd veliveries 13706 0.3 62

iffective Precipitation 2952 0.62 5

rarm unoff in Return Flow 0 0.00 U

Leen sercolation 27627 7.95 63

wapctranspiration 13815 292 23

Irrigation pequirement 11079 2.24 12

roject oturn Flow 2N 0.69 6

1977 neservoir Storage 235) 0.50 4

1577 vroject Conveyance Efficiency 52 &

1977 rroject Application Efficiency 23 %

1477 vroject Irrination Efficiency 19 %

YRS T SERVICE AREA

whizst Irrinanle ilevation 4480 ft Averaae PFarin Size 15 acres
wmwest Irrinasle £levation 4448 ft S0il-—-Loam
Llevation vifference 32 £t Average Soil Leptn 60 incues
Llevation Giff. / Systen ile 1,60 £t/mi Ave Goil *oist lolding Cap 2.1 in/ft
i.levation pifference / acre  0.007 ft/a Cravity Irrigatea Land 90 %
woeraoe Land slooe 1008 (0-3%) Ue (3-10%) Sprinkler Irrigated Land ) [
Assessed Land Irrigated (1977) 7H ¢
QIIVEYAICE SYSTEN WATEDR SOURCE

futal “ystew Lenath 20,0 miles piver or Zanal 100.0 &

woen chiannel 100,0 % “roundwater 0,0 %

lined channel 0.0 % uther 0.0 %

el U0 w

Lined channel + pice 0.0 % =========
Janal Wetted Area 47 acres YATER CONTROL
Canal Area / Ilrriqg Area 0.92 §
Caxbaui eepage fate 1.u4 £t/day Jumnber of uitenriders 1
wuxiwuan Diversion Capacity 302 cfs Irricated Area / bitchrider 4730
Ircinated arca at tax Gap. 15.7 a/efs tunper of Water Users / D.R., 8O
rrotect Irrination vells ] System Length / D.E. 20 adles
crojoect Ibtal Punps 0 Turnouts per Ditchirider 22
v imun Puno cemand 0 ho rurnouts tMeasured by DR, 23 %
waeer of Systen Jurnouts 22 Turnouts Chocked Laily 50 4
rarnouts / vile of System 1.1 fwveraae Mileage / 0.0, 30 ui/day
irrinated Acres / lurnout 215 U.R. Mleage / System pile 1,50 agd/mi

Yeasured Turnmouts 5

sawer iverted, Lifted, or Pressurizea with broject sumps 0
Jator iverted, Lifted, or bressurized with On-farm Pumps 3
vater velivered at flign Pressurce by pProject ]
sprinkler Systems pressurized by Project 0 % by Farms 100

{later pelivery 'Type —— hotation

% total
¢ total
% toctal
%

185



ek ok kd kk ke ko ek ek dededk ok ko ek ke e deok e e e et ok ek etk ke dek ek ek Ak Ak e

* *
* UNASKEIN DITCH COMPANY *
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UPBRATION AnD MAINTENVICL QOSTS

Adjusted 1977 Costs s S/acre S/wile S$/user s/af W1 tsystom

1977 O Assessment 22287 4,71 1114 279  U.376
(1) Administrative Costs 1548 0,33 77 19  0.026 14 14
(2) water Control Costs 2001 0.44 103 26 0,035 19 19
(3) “aintenance Costs 7156 1.51 358 8%  0:121 66 66
(4) Annual Power (Osts 0 0.00 0 0 0,000 0
(5) Reservoir 084 Costs 99 0.02 5 1 0.002 1
rotal Ok Costs (1+2+3) 10765 2.28 539 135 0.181 100 )9
'otal broject Costs (1+2+3+4) 10765 2,28 538 135 v.181 499
Jotal Syston (Osts (1424 3+445) 10364 2.30 543 136 0,183 100

PEPSQINEL INFORMNVITON

Adjusted 1977 Costs $ $/acre S/nile  #total
suinistrative Persomel Costs 411 U.186 44 12
water Jontrol wersonnel Costs 5032 1.064 252 70
taintenance Personnel Costs 1255 0.265 63 14
1otal persomnel Costs 7168 1.515 356 0

rersonnel Labor Peguirenents nmanyears wy/a my/mio %total
Aaninistrative Labor 0.1¢  0.000021 #.005000 16
vater Control [anocr 0.20  0.000042 0,010000 32
“aintenance Labor 0.32  (.000063 0.016000 52
mtal #roject  Laber 0.62  0.00u131 w,031000 100

fwerone fersonnel Cost  (total $/total mv) 5 11561 / year

MISCELLANBOUS

Ajusted 1977 Costs s S/acre $/mi s0%1
laintenance taterials Purchased 852 0.18 42,60 3
sroject Jenicle & Equip Deprec. U 0.00 U. oo 0
Hired venicle & f[quip Deprec. 1000 n.21 50,00 9
oral vehicle & Equip Deprec. 1000 0,21 50,00 9
1477 vower Jonsumction U kwh 0 kwis/a 0 kwh/mi
1477 “roject vower (psts  § 0 V. 0000 3/kwi
1577 Zroo value S 893000 189 s/a
1377 Crop value 15 s/af 65 $/af of BT
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1077 lerivated Acres

1947 Assessed cres

Jotal Systea length (miles)
rroject werimeter (niles)
vrueject Joasactness Patio

ireiqated Acres / Svstem Mile

Jtir users > 20 acres

41440
47204
207.0
51
1.62
155
570

federal xiain

rarliest Flow Pignt 3-26-1903
‘werage Flow Riaht 12-12-1909
‘Jotal water Flow it 1197
“ater piaht (uty 35

137142
4.76

Lsable Meserwoir storaje
Usable reservoir Storaae

cfs
alels
af
af/a

19717 PRRIECE LATTR USE AR AR /A BINELOW
Vlater pivertsd to roject 235763 560 e
soenate losscos 46377 3 [ 20
Joeracional Losses 143C6 0.35 6
var leliverics 175020 4,22 74
tffective Precipitation 15742 0,38 /
varm ndff in leturn Flow 479 0.12 2
wpop percolation OR300 2.41 42
ivacotranspiration 6544 2.09 37
Irrigation [eoulrcacnt 79401 1.70 30
lroject Peturn Flow 12154 0.46 )
1277 reservoir Storaae 143700 3.47 6l
13/7 project Conveyance Efficiency 74 3
1,77 project Apglication pEficiency 40 ¢
1577 project Irrication Dfficiency 30 %
PIUECE SURVICE APEA
et Irclgacle glevation 41680 [t Averadge lbara size 75 acres
et lerinale levation 4140 It oil-—-Loai
crovation vifferonce 40 EL Averaoe 50il Lepth 45 incties
Lesvation DLEE. / Systea tile 0015 ft/mi Ave sSoil roist tiolding Can 2.2 AnsEt
ieovatcion Cifference / Acre 0.001 ft/a fGravity Irrigated Land ¥ o
fveraae Lata fdoge Sud (0=31) 50t [ 3-10%) Serinkler Irricated Land 1 %
Assessed Lanu [rrigated (1977) us @
TATER S0URCE
Jutal 3ysaten Lenath 267.0 niles ldver or Canal 100.0 %
oien channel L0o.0 & Sroundwater U0 %
Jined coannal 0.0 & Other 0.0 %
i 0. 0%
lined cnann2l + vioe 0,0 = ========== mE===sssszsos=s
Janall tieeted Aced 321 asres WATER 2GATPOL
nal area / Irrin Aoz 1.02 ¢ =====z==s=== ===== e
solun soopane ke LO6 EL/aoy iunber of Litcariders 10
axdoun plversion Cagacity 12325 cfs Ircinated Area / uitchricer 4144
trriaated area at “ax Cap. 31.3 afclz lunber of ater users / DR, 57
rroject lcrivation lells 0: Syster Lenath / DLR, 27 wiles
Frajest btal sumas 15 ‘turncuts per nitchrider 5
axinuy fass Denand 13010 ho ‘Turncuts Measureo by .1, 48 ¢
anor of Syuton marnoutks 350 ‘Turnouts Checked paily 1N +
lscmouts / 'ile of Swoten 3.2 Average Mileagzs / 0.R. 70 ti/fcay
trrinatesr “cres / 'furnout 45 D.R. tileaqe / System fdle  2.602 apd/mi
Cazurec jurnouts 402 fater Delivery Ivoe --= Continuous

ater viverted, Lifted, or Pressurized with Project tuaps 100  total

iater Jiverted, Liftea, or Pressurized with on=farm fusns
dler telivered at !ign Pressure uv bProject
setinkler ysteas procsurizea py project 0 g

1 % total
0 { total
oy varms 100 %
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SPLVATLION AND MAINTENANCE COSTS

Adjusted 1977 Costs 8 S/acre S/uile S$/user S/af ¥R  sSysteam
1377 18" Assessnent 589745 14.23 2209 1035 2,501
(1) \dministrative Costs 58369 1.41 210 102 0.246 13 10
(2) Jater Control (Qosts 116252 2.81 435 204 0,493 25 20
(3) “aintznance Osts 283199 6.63 1061 497 1,201 62 50
(4) Annual Power (Lsts 37630 2,11 328 154 0.372 15
(3) Pesorvolir U8 Gosts 22472 0,54 44 33 0,095 1
rotal O&Y Tosts (L+2#3) 457320 11.05 1715 B0y l.v42 100 1
jotal eroject Qosts (1+4243+4) 545450 13,16 2043 957 2.314 96
‘total Svstom Msts (1+2+43+4445) 567922 13,70 2127 296 2.409 100
PLESOANEL LIFURM\TION
Adjusted 1977 Costs S S/acre S/mile  stotal
adninistrative persomel Costs 36116 0.920 143 13
Jater Control Personnel Costs 101493 2.449 380 35
(laintenance tersonnel Costs 149050 3.597 558 52
Tocal personnel Costs 286664 6.966 1081 0
lersonnel Labor requirements manyears my/a my/ni  %$total
Adainistrative Lacor 3.00 0.000072 0.011236 11
sater (ontrol Lapor 11.00  0.000265 0.041129 42
alntenance rator 12,30 u.000297 0.046067 47
jotal project Lapor 26,30 0,000635 G,098502 100
Mverage ersonnel Cost  (total $/total ww) & 10976 / year
MISCELLANEOUS
ftiusted 1977 Costs S s/acre $/ind 208M
“laintenance *aterials burchased 100081 2.42 374.84 22
rroject venicle & Bauio peprec, 11538 U.28 43,21 3
Hired vehicle & Buip Deprec. 4217 .10 15.79 1
otal vehiicle & Lyuip ueprec, 15755 0.38 59.01 3
1977 vower Consuniotion 27470400 kwu 563 kwh/a 102885 kwii/ui
1977 Project Fower Tosts § 87630 1.0032 5/kwi
1977 Crop value 5 8621000 208 &/a
1977 Crou Value 37 s/af 100 $/af of EY
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tevatioa pifference 200 £t

Average Soil Leoth

1277 lrrigated cros 738450 rederal (riain
12717 Assessod Acres 76795 Larliest flow Riqnt 4 -1-123%
ival systew (ength (miles)  166.0 ‘weraae  Flow Pigot 4 =1-1%35
vroject jerineter (miles) 110 Total Water Flow Rigut 267 cfs
vroject Comwactness ratio 2.40 “ater Right [uty 277 a/cls
lrrinated Acres / System ile 445 usable feservoir storage 133313 af
Rater lsers > 2 acres 515 usavle feservoir Storage 1l.u7 af/a

1477 PROJLCT TATRL USE g AR /A LIFLOW

dater piverted to Project 232956 3.583 16U

oenage [osses 23335 0.32 8

werational |ossers 1977 0.u7 2

rury veliveries 234094 3.44 30

1ffective precipitation 205064 0.34 9

rarn wuncfl in Return Flow 17701 .51 13

e Percolation LB 25 1.37 i6

[vapotransviration 115493 1.97 51

Irrigation feouircaent 115567 1.56G 41

troject paturn Flow 22678 0.59 15

477 weservuir Storage 122289 1.66 a3

1477 project Convevance [Ifficiency 90 %

1977 Project Aplication Cfficicncy 45 ¢

1177 project Irrigation Ffficiency 41 &

LOPOORARTTY PRUECE SERVICE AREA
Aignest lerinasle levation 4350 ft ayerage Farin size 149 acres
Lowest  [reioable Flevation 4150 [t soil—-Loan

60 inctes

rdevation piff, / Syston Mile 1,20 fL/mi Ave 301l ‘pist lolaing Can L. 2 in/ft
tlavation piffercnoe / Acre 0,003 [t/a Gravity Icriyated Land 9 i
werane Lami dlope  Jds (0=33)  100% (3-10%) Sprinkler [rrigateu Land 1 ¢
Aosessed Land Irrigated (1977 24 &
I
GO EYACCE XS UATEN SMRCE
I .otal Syston lenatn 166.0 wiles tiver or Camal 19,2 %
Guen channel o0 e [ Sroundwater 0.6 ¢
Lined chiannel 0.0% uther .U %
:aiil. ]..0 4
Lineu coannel + wpice L.O % === S==sss=ss=s=sssses
carnil otted Aroca 256 acros GATER CTUL
cundl Area / lrrig Area .36 %
axlaud seenage jate U.b7 Lt/dav duner of ditenricers 11

axine wiversion Qecacity 1320 cfs
cvirijated Area at “ax Cun, 55.9 afcfs

vroyect [rrigation viells 177
“r2ject otal punps 191
axiuum Paas peaand 34408 by

abigr of gysten Wrnouts 700
wrncuts / “ile of Systen 3.2
lerioated Acres / lurnout o6
rdadred urimues 700

sater piverted, Lifted, or Pressurized with Project fumps 100
witir ivertea, Lifted, or pressurized with in-fare wumes 10
vater welivered at iga vressure by vroject

aprinkler Systens pressurizea by vroject U

Irrigated Arca / citoiriver 6714
tuncer of Water users / 0.k, 47

System Lencth / D.R, 15
‘Turncuts per bitcurider ]
Turnouls “casurcu Ly il lue
Turnouts Checked aily 1u
Averaae “ileage / D.H. L

L., tileaoe / System tile 3.9
tater delivery lyve —— Continuous

t total
% tctal

( % total
oy varws 100 %
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DPLPATION AN MATUTL N T QOGS
fujusted 1977 Costs & “/acre  3/iile §S/user s/af WET  bsysten
1977 G&t Assessinent 1070820 14,50 G151 2075 3.7%4
(1) wisinistrative Qosts 114410 1.56 701 226 4,411 15 10
(&) leter Jontrol Osts 167271 2,27 Ligt 324 1,591 22 14
(3) ladntenance Mets 493540 0.63 2215 957 1.745 (g 41
(4 annucl Fower dsts 422731 5.72 2547 219 1.4%24 395
(3) heservoir 041 Coste 5650 0,08 34 11 0,020 f
rocal Okt Costs (1+2+3) 777521 10,53 4674 1507 2,742 wa 04
watal Project ste (1+2+3+4) 1200250 16,25 723) 2326 4,242 lou
rotal syston osts (14283+445) 1205900 16,33 7204 2337 4.262 1uh
PHPSONWEDL TNFORYATTON
whjusted 1977 Costs $ $/acre S/mile  %total
‘wolnistrative fersomcel Costs 79754 1,080 480 17
wter Control  tersonnel Costs 134502 1.767 i85 25
salatenance wrsonnel Costs 231004 3.534 1572 5%
imcal fersonnel Cocts AT1260 6.3081 24939 0
s s 4 =s===== = —_— ===
worsonnel Looscr Pocuircments  manvears wy /a my/ni  dtotal
wadinicteative Laovor £.00  0,020081 0.036145 14
vater Coatrol  labor 9,20 0.000111 0,04u3%6 12
taintenance | QLICL 22,30 9,000404 0.17951¢ 63
wtal rroject  Laoor 44,00  0.000595 0.265060 100
Averaje rersonnel ©alary (toral $/total ) & L0710 / vear
MISCELLAALOUE
fujusted 1277 Costs 3 3/acre 3/md EUEA
“aintanance “uaterials turchased 124081 1.6% 747.48 16
Project vehicle & oouin peprec. 51085 U.09 3u7.74 7
ilired vehicle & Douip veprec. 4100 0.06 24,70 1
imotal vehicle & muip oeprec. 55135 0.75 332.44 7

177 Power Consuustion

L1717 project rower Costs &
1377 Zrop value S
1977 Zroo value

56011200 kwo
422731
19106000
o8 $/af

1165 kwii/a 510143 hwn/mi
L.F,DU4§' kawh

259 5/a

131 s/af of 7
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117 lrcrinated Acres 13440 confederal Jrigin

L1771 Assess2d Aores 13524 arliest Flow Right 11-14-14l4

jutal %ysten Lengun (niles) 50.0 weraae low Ringnt 9-15-1330
rroject ceriseler (niles) 30 otal Water Flow rdgut 307 cfs
vruject Comwactness Ratio 1.234 later pight buty 44 a/cfs
lrrisatel Acres / System nile 270 Usable Meservoir Storaae  YWI1RY af
Jdater Users > 200 acres a5 Usavle Peservolr Storage 6.0 al/a

PROJLCE WWIER USE AF AP /N 81 FLGW
dater piverted to Projicct 35573 4.20 100
Goopage Losses 3543 .U.63 15
Jperational Losses 1532 u.l1 3l
ratm eliveries 41498 3.45 82
tffective Precipitation 1010 0.30 )
racn (unoff in keturn flow 4379 0,32 8
weep Percolation 24218 1.80 43
ivapotranspiration 21665 1.61 38
irrigation Peguirement 17901 1.33 32
roject Return Flow 5911 0.44 10
1977 nescrvuir Storane 74728 5.54 132
1977 Project Zonveyance Ffficiency 82 %

1477 project Aopnlication BEfficicncy 38 %
1477 rroject Irrication rfficiency 32 %

uEaceaety

PR ECE SLPVICE AREA

nmnest Irrigavle flevation 4350 ft Average Farm Size 163 acres
lawest  Irrigaole plevation 4128 ft F01l-—-silt Loam
Adevation vifference 222 ft average Soil Leptn 43 ipches
Jevation piff. / systen mile 4044 fr/pd hve Seil *bist iplding Cap 2.4 in/ft
_levation pifference / Acre 0,016 ft/c Cravity Irricated Lana 99 ¢
werdase Land slooe Gt (0-3%)  100% (3-10%) Sprinkler Irrigated Lanc 1%
fssessed Lana Ircigated (1977) 100 2
JOAVEYANCE SYSIEH TATER SOUPCD

Iutal Gystea Length 50.0 miles fiver or Camal  93.8 %

Duen channel d42.0 % Sroundwater 0.2 %

Lined channel 0.0 % Otner U.0 %

e gl ¢

Lined channel + pipe 8.0 &
~anal vected Area 13 acres WATER CONTROL
canal Area / Irrig Area .54 % ========= s====s=====s====ss
“axinun seepage late 0.95 ft/dav wumber of bitchricers Z
axioun clversion Capacity 296 ofs Irrigated Area / vitchricer 6740
irrigated Area ot tax Cap, 45.5 a/fcEs nunber of Viater Users / D.R. 43
stwjcct Irrigation Wello 1 System Ienotir / D.TL 25 miles
vroject otal panps 30 furnouts per oitcnridec 130
gt P enang 5510 nip ‘Turnouts *easurca wy L.l 9 5
wwibar of fystes Jurnouts 260 furnouts Checkea Daily G %
warnouts / Mile of Jystem i fhverage “ileage / L.P. 45 wi/day
leeigatsd Acres / Tucnout 52 D.R. Mileage / System mile 1,80 nod/mi
easured Turnoutks 255 vatcr gelivery ‘lype -- Continucus

ater plvorted, Lifteu, or Pressurizeo with project pumps 10¢ ¥ total
vater uiverted, Lifted, or Pressurized with On-farm punbs 1 % total
tater (elivered at 1iigh Pressure by pProject U & total

surinkler dvstems bressurized by Project 0 %

E )

oy Faras 100 %
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WP LEALTON AND [TAINTINACL QOSTS

s s == ==

s ljustec 1477 Costs $ S/acre 5/mile  $/user $/af #&  ssyston
1947 L& Assessuent 160959 11,94 3219 1394 2.R45
(1) Adninistrative Costs 18294 1.36 365 215 0.323 14 9
{Z) ‘later Control Costs 20508 1..52 310 241 0.363 16 11
{3) taintonance osts 93074 6.90 1361 1095  1.645 1 48
(4) anncal kower Costs 538 5¢ 4,37 11797 (92 1.04¢ 34
(%) Meservolr 081 Osts 3331 0.25 07 39 0.0%¢ 2
Iotar C&Y Costs (1+2+3) 131776 2.71 2530 1551 2.331 100 04
fokal eroject Costs (1+243+4) 190734 14,15 3315 2244 3.371 94
iotal Syston sts (1+2+43+445) 124065 14,40 3841 2283 3.430 104
PEESRINEL THFORMATION
Aujusted 1377 Costs 3 $/acre S/mile  #total
Auministrative «ersonnel Costs 7019 0.521 140 11
water Control  cersonnel Costs 17942 1.331 359 27
i aintenance tersomel (osts 41246 3.060 425 62
iotal Pfersonnel Costs 66207 4,911 1324 0
tersonnel Labor Teculreownts  manyears ny /a my/mi dtotal
faudnistrotive Labor 0,40  0.000030 0.005000 )
.oter Control labor 1,30 0.000096  0.026000 29
taintenance | aAnor 2,80 0.000208  0,056000 62
Jctal troject Labor 4,50 0.000334 0.090000 100
Mwerase lersoniel Cost {total S/total ay) & 14713 / year
MSCELLNAEIUS
Aujusted 1977 Josts 3 a/acre S/mi EIV
twintenance “aterials rurchased 20696 1.55%5 417.12 15
rroject vehiicle & £quio beprec., 18470 1.37 369, 52 14
uired velilicle & friuip Seprec. u J.00 G. (G J
local vehilcle & pguip Leprec. 16476 1.37 363.52 L
Lu77 et Consumotion 10632200 kwh 702 kwhi/a 213644 kwa/ni
1877 vreject bower Qosts § 53352 J. 0055 5/kwh
1277 “ro value § 3232000 243 §/a
1377 Zroo value 58 s$/af 151 §$/af of LT
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| 1217 lerigates fcres 14240 wniegcral Grigin

| 1477 Azsessed Acres 149340 parliest plow Riqht  1U=11-1u0u
lotal Syster [enath (miles) 755.40 nverage Flow Right 4-15-1910
vrolect perimeter (miles) 140 Total viater Flow Rignt 4550 cfs
vroject Compactness fatio 2.15 vater Pignt wty 33 a/cls
lrcijoted Acres / system “ile 198 Usaple [eservoir storaje 546987 af

| ater Users > 20 acres L1un Usable rezervoir Storage 3,66 af/a

W77 prea 0O TN SR USE AF AFA SINELSY

Esssm=me== mm——mmet s = e ====

jator piverield to eroject 744939 5.32 100

Seeaaqe Losses 235012 1,92 36

warational [psses 2307 0.02 U

tuta weliveries MGl 339 64

iffoctive precipitation 25181 u.18 3

satn funafl in veturn Flow 25262 6.17 3

vewn Pereclation 1510414 1.2} 23

yvapotransyiration 335056 2425 42

Ierigation Pocuirenent 1ha3s 2.01 30

vroject leturn Flow 230549 .19 4

| 1,47 Heservelr storane 572334 3.83 72

1077 eroject Convevance ELlicioncy 64 1

1477 project ppplication Rfficicncy 35 &

1477 eroject Irrigation Efficizacy 39 &

IR Y PRI ECE SERVICE AFEN
mest [rricavle flevation 4134 ft Averaae Fara Zize 136 acres
Lovest  Irrinacle flevation 3120 ft $il-—-ioam
| skevation pilforence 1014 ft Average Soil pepth 449 inchies

{lovation Biff, 7/ gvstem “ile 1,34 ft/ni Ave 50il woist (olding Cau 2.0 in/ft
Ilevation vitforence / Acre 0,007 £t/ Sravity Irrigated Land Tu ¢
yorame Lana Glose 200 (0-3%) A% (3F104) Surinkler Irrigated Land 30 ¢

szsessed Land Irrizated (1977) 100 L

Sl EYANCE SYSTR 'WIPED SRJRCE

mtal avston Lenath 755.0 miles iiver or Canal  100.0 ®

en cnannel 29.:4 X “rounivater G.0'%

lined caannel 0.2 & Uther 0.0 %

I ] .6 % ]

tineg channel + pise 0.8 % = s=m=sszmossssssses=ssoss
canal watteus Arca 204% ocras VADER Gk
‘anal Area 7 Irric Area 1.77 % ======== =========== zz====
arlaga Seewdge tate U3 ft/aav suaper of vitcuriuers 22
wxlodn oiversioa Capacity 4050 cfs Irrigated Area / Gitcuriver 6735
[rrinated Area at "ax Cap, 6.9 a/fcfc unter of tater Users / C.P. it}
vrojeet lrcigation fells U System Leagtu / D.K, 34 niles
Jroject ciokal punos ] lurpouts oer pitenrider 135
atiaun bums Deaand U he Iurnouts wasured Ly 1.R, 100 %
Jasver of Systen fucnouts 2970 Turnouts Checked paily g %
tucnouts / Mile of Svstea 3.9 Average 'ileage / D.R. 45 mi/fuay
Lrr ieted Acres / Turnout 50 Uk, Mileage / System Mile 1,31 mod/mi
‘Lasured UrNDULS 2970 ilater belivery fTyoe == Continuous

Jater Oivertea, Liftea, or bressurized with project punps 0 % total
witer piverted, Lifted, or Pressurized witn On=-farm pumps 21 # total
ater Celivered at ligh Pressure wy froject 0 1 total
sorinkler Systess pressurized by Project 0 % oy Farms 100 %
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SARATIO AND MATNTTNA Y

030G

sfacre  S/mile 3

wojusted 1977 osts S ser S/al W teysten
1217 G&1 Ascessaent 895008 6.40 1177 815 1.127
(1) Aauninistcative Costs 91686 .01 121 83  0.115 11 10
(<) Jator Sontrol Josts 176297 1.18 234 150 0,222 20 20
(3 salntenance Costs 562020 3,96 734 538  0.74% 69 bhH
(4) snnual power sts 4] U, 00 g g  O.00u U
(5) "eservoir O&! Costs 4742 0.23 du 32 0.044 "
rotal sl Costs (1+2+3)  S600u5 5.76 1135 782  1.082 100 96
fotal rroject (osts (1+2+3+44) 860005 5. 70 1134 782 1l.042 6
iutal systen Msts (142434445) 2294754 5.99 1125 813 1,126 1uo
PLESOLAIDL INFOPP R TTO
Adjusted 1977 Costs $ s/acre $/mile  #total
Aministrative rersonnel Costs 38832 .260 51 2
cater Contrel  ersonnel Costs 130983 0.871 172 26
laintenance ersonnel Costs 337361 2,259 147 67
wtal Fersannel Cocts 506276 3.290 671 u
ersounel Labor Peouirenents  manyears iy /a Ay/ml #total
———————— z====== S=S=SSS=EEES=SEsSSTSS ==z====
Sowlnistrative Labor 3.5 0.000623 0,004636 o
worer Jontrol  [asor 19.70  J.u00132  0,026083 36
aintenance rator 30,50  4.000207 0.040927 57
lotal groject  Labor 24,10 L.000362 0,071650 L0v
werage werzonnel gost (total $/total ny) S 0358 / vear
HISCELLACITOUS
nausled 1977 Costs S S/acre /nd 4081
“aintcnance (aterials purcinasced silul J.6C 119, 34 10
vroject vehicle & fiquip Leprec. 49762 0.33 05.91 0
lired vehicle & Byuip Deprec. B910 V.06 11.30 1
“otal vehicle & Douip Dewrec, 58672 0.39 Tl 7
1477 Power Oonsumstion (0 kwhi lwhi/a 0 kwh/id
1277 vroject iower osts . 7 i 00D S/kwin
1477 Croo value 5 41039000 275 S/a
1,77 Croe value 52 S/af 122 5/af of 11
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L3477 lrrinatou Acres 4550 ionfederal Grigin
1417 Assessed Acres 8010 rarliest rlow pignt €=10-18450
ivtal wsten lenoth (miles) 22.0 mverage  Flow Right 1-10-1909
praject ferineter (riles) 18 total tlater Flow Pigit 623 cfs
froject Compactness patio 1.54 water Rignt uty 3 a/cts
lrrimated Acres / System tile 220 Joable Peservoir sStoraqe 0 af
ator (miers > 20 acres 34 JUsable Peserwoir Storane 0. 00 uof fa

19771 2R LCT WATER USL AF AE /A ELEPLOY

Jater biverted to Project 46549 2.60 100

Soenvige [osses 11060 2.28 24

Jerational lwsses 0 0.u0 = 9

ot ueliveries 35419 732 i

iffective rrecipitation 2357 0.4" 5

rard aunoff in veturn Flow 8 0.0 )

jee) Percolation 25307 532 55

ivanctranspiration 11302 AR 25

lrrigation Peauirenent 2682 2.00 21

xoject Return Plow Q 0.00 0

1477 leservoir Sterage 0 0,00 i

== =

1477 project Conveyance [Rfficicncy 76 %
1977 Project Awplication Efficizncy 27 %
14/7 Project Irrication rfficiency 21 %

P SURNEIY PR R SERVICE AREA
dbdest Ircicacle 1levation 2005 {t Average Farn 3ize 204 acres
Lowest  Irrinacle llevation 5020 £t Pil—-5ilc Loau
Levation Giflorenca 75 It Average 30il Deoth 30 inches
levation Biff. / svsten “idle  3.41 ft/ad Ave 5oil toizt ioluing Cas 2.4 in/ft
Levation pitfereace / hcre 0,015 ft/a Gravity Irrigatec Land 9 &
crwie Land Glove luta (0-3%) (s (-104) Sprinkler Ircigated Land 4e A

nassessed [and Irrijates (1570 6l w

Systou lenatn 22.0 nile piver or canal  5C.7 ¢

90 channel 100,10 ¢ crounawater = 5

lired channel 0.0 % Other GO &

=] 0.0 ¢

lined chiainel + pise 0.0 % =========== s===is=szss=ss====
Zanel Wetted Area 49 ocres VATLe CONTTOL
cunul Area / Lerig Aroa 0,82 & =========== S=zz======ss==snosss
axdeun Seepuge tate 300 Et/day iunber of litchriders 1
uxicon Diversion Capacity 615 cfs lerigated Area / bitchrider 4550
Itrigated Area at tax Cap., 7.9 a/cfs nunber of Water Users / D.R. 34
croject Icrigation Yells 0 gystem fenjth / D.R. 22 miles
Jroject otal Punos u lurnouts per bitenrider 42
INIaUT umG penand 0 Turnouts ‘kcasureo oy .0, 100 %
daver of Systew Turnouts 42 Turnouts Checked Laily o ¥
marpouts / tile of gystean LD Average “lileage / Dl a0 ai/cay
irrisated Acres / Murmnout 116 0., Mileage / Systea ile 2,73 mnd/ind
easuced Turaouts 42 tater belivery lyp2 == Continuous

aler biverted, Lifted, or Pressurize  witu Pruject punws 43 & total
Later Diwerted, Liftad, or pressurized with n-farn funps 43 ¢ cotal
cawr welivered at Nigh rressure py Provect 0 % total
iurinkler Svstems Prassurized by brojeec 0 40 Ly facms 100 %

195



xt**k**kitk**#*l*!**t*i***k***t*kk*iﬁt*t*****k*l*!*t*kiit*

*
%
*

VALLEZY IFRICAY 1Y LISTRICE

Voo rIven

Akkkhh bk ik
*
*
*

itkkt**k**kkttkt*k&*t*ti****t*kik*ii**i*k*knkk&t#t***ikit#t***in*kﬁ**t

51

UEDEATION AND MLt anaCr CUsL

ajusted 1977 Costs S $/acre  3/mile $/user $/at e ssystem
1277 o8 Assessucnt 9128 1.88 415 262 ).196
(1) Aaninistrative Qosts 124 0.21 A7 30 0.u22 7 i
(2) nater Control foste 4761 0.93 215 140 0.102 34 31
(3) aintznonce Js5ts R31% 1.72 373 245  0.179 59 54
(4) Annual wer Costs 0 0,00 0 9 Cc.0o0 a
(3) tescrvoir ob'! LIDSES 6 0.0 ) 0 0,000 U
fotal Ou) DosLEs (1+2+3) 1410% 2.91 nd] 415 0,303 100 Lo
oLzl project Qusts (1+2+3+4) 14108 2.9 sA1 415 G.303 100
cotal Systen (Lets (14+24+3+4+5) 14100 2.91 241 415 1.303 190
PLLSONNEL Dol Lol
Adjusted 1977 Costs $ $/acre $/nile  stotal
Aoministrative fersonnel Costs 353 0,073 16 5
ater Control fersonnel Costs 4164 0.859 149 54
vaintenance persomel Costs 3202 U.b60 146 41
iuial personnel Costs 7721 1.592 351 0
versonnel fabor Reauiresents wanyears my /a wy/ai  wtotal
Acministrotive Lavor 0.05 0,u00010 ©0.002273 A
tiater Cuntrol Labor 0.50 (.000103 0.022727 G2
iaintenance Labor 0.26  0.000054 0.011218 32
mtal roject Labor 0.51 0.000167 0.036318 100
worase personnel Cost (total ¢€/total my) & 9532 / year
SLSCELLANTOU S
Aujusked 1377 Costs 5 u/ecre S/mi 081
autenance “aterials purctiased 551 0.11 35,65 4
rroject vehicle & Couip Deprec, f (.00 g, 00 J
dived veaicle & Loauip Deprec. 1650 .34 75.00 12
qotal venicle & Buip deerec, 155G 0. 34 75.00 12
177 rower Consumstion 0 kwit 0 kwii/a U kwti/mi
1377 vraject rower Costs § 0 L0000 5/kwh
LY77 Trop valuwe 3 =03000 157 §/a
1977 Crop value 17 3/af 68 s/af of BT
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1247 lrrinated Acres 19770
1977 Assessed Xores 33400
roral tyvetea enath (niles) 1u9, 0
vroject Perimeter (miles) 54
vroject Compactness Ratio 2,02
lrriqated Xxeres / Systean file 131
ater Users > 20 acres 174

hhhkkhhhhkbhhhhhhhhh bk kk kk kk ok
*
*
*
hdekddkdkddhkded ok k dok dk kk hk Ak kk kh kk

0. L2,

rederal Oxigin

tarliest Flow Pignt  12=29-1906
werane Flow Piaht 2-15-19u8
‘otal ater Flow ntiant 2250 cfs
tiater Rigiht puty 7 &/cEs
Jsaole reservoir Sterage 150000 of
usanle Peservoir Storage 9.10 af/a

1977 pRAIECT "WiE? USE

Vater oiverted to Project
Leepage [osses
wrational Losses

Farie wveliverics

wloctive precipitation
varn tunoff in feturn Flow
W20 Parcolation
tvapotransgiration
lerigation Peouircment
ttoject feturn rlow

12377 reservouir Storage

177 project Conveyance rificie
1977 vroject Application (fficic
1977 project Irrigation pfficic

AF AF /A TWFLOW
75956 3.34 100
27958 1.41 37

0 0.00 a
17508 2,43 €3
6485 0,33 ]

0 0.00 0
20989 1046 8
31226 1.61 42
27009 1237 36

U 0.00 u
40300 4,05 145
ncy 63 %

ncy 56 %
ncy 36 %

TUAUGRAPHY
st Irrigaule Blevation 4990 ft
Lowest Irrigable Hlevation 4005 ft
Levation pifforonce GBS Et

levation Liff, / system nile
iovation Lifference / Acre
werzge tand Slope 507 (C-3%)

2.04 Lt/mi
0,050 fe/a
50% (3-1us)

sotel Svstow length 109, 0 rdles
wsen coannel 91.0 %
Lined coannel l.u i
skt 2.0 %
Linca chanrel + pive 10,0 @
_wnai jotted Arca 293 cocres
wnal Area /lrrig Area 1.42 ¢
axioum Secpae fate 0,98 ft/day
axluea Liversion Capacity 5 ofs
icrirated Area at cox Cap. 28.0 afcfs
crojeet Irrigation fiells 0
dEQ)ect ‘otal Punws n
aniawg Pame Pemand Uop
Aner of S¢ston Purnouts 520
wrnouts / ile of 9ystem 4.0
irrijated Acres / furnout 33
Jdsured furnouts 520
wilir Diverted, Lifted, or Pressurized o
water glwerted, Lifted, or pressurize:d!]
cater felivered at viga Pressure by ero

surinkler Svstens Pressurized by erojoc

B ECT SERVICT AREA

Average Fari Size
1l---5ilt (pan
Averaqe Soil vepth

170 acres

35 inches

Ave So0il *oist jloldinag Cap 2.5 in/ft
Jravity Irrisated Land 91
serinkler Irrigated Land 9%
hssessed Land lcrigated (1277) 52 4

TATLR 30UnCL
Fver or Canal 100.C %
Sroundwater C.0 %
Otner 0.0 &

VATLR CLdTRAL

Hunber of pitchriders 7
Irrigatea Area / Ditchriger 2824
Mumper of fiater Users / C.R. 25
Jystem Length / D.R. 10 miles
furnouts per vitenrider 74
furnouts !easurec oy D.R. 100 %
Turnouts Checked Laily 100 ¢
Average “ileage 7 D.R. 43 wi/day
L.E. rileage / System tile 2,70 mua/mi

tiater Delivery Type -- Continuous

with Project Punps 0 % tetal

Jith On=Larn Panzs 6 o total

ject 0 % total
0% oy iarms 100 %
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JALIAPIO. ARD TATHIOAA T (9IS

Aajusted 1477 Costs 9 S/ecre S/wile 3/user

L7 ser'Assessnent 123844 3.80 1775 1114
(1) Saninistrative osts 54165 2.74 40 311 9.1 249 23
(2) datcr control Qosts 33451 1.69 53U 192 0,440 1 17
(3 ‘aintenance Oosts 92314 5,02 i1l 271 1,302 53 N
{«) Annual ower Thets v Te NG 7 U J. Glu v
(3) DescEvoit L& 208 3700 J.34 11 35 (038 1
Lotal (Lr2+3) 9,40 1S 1074 2,461 100 3
e I (1+ 2+ 34) 3,44 1715 1074  2.461 Y
Ste (L4243+445) o A ] L1776 1113 2,545 194

SLOSRGEEL INFOR I T

Mijusteld 1377 Dosts 3 S/acre S/nile  stotal
Adudinizlrative versonnel Coste 23563 1.192 216 2
vater Jontrol  eersonnel Costs 24141 1.221 221 24
Jalntenance rersomnel Costs 50648 2.572 466 52
‘otal rersonnzl Costs 93552 4,985 904 0

wy /o ay/al stotal

Asundnisorative fabor 2,00 d.0u5al DL018344 14
sator Zeanccol  walor Fi b U, 00C184 2.233203 5
Lclntenancy Al AT u,0LU0245 ), 0470 46
wtal vroject  Lacer .5 0.000531  d.5Je330 192

worLae seraonacl fost (total S/toeal L) §00 P38 / oyear

25375 1=2

Fraject venicle & Bauin teprec, 17557 0.8% 141,07 5
1ced vaalicle & fuiu peprae,. 2465 n.12 22,51 1
fotad velilcle & Druip wopree. 204022 1.01 183,659 11
1477 #ower Tonsun-tion C kwl: i kwh/2 N kwh/1d
1477 vroject rower 2osts O U 10000 §/kwh

1477 Troo value 5 3853000 195 3/a

1u77 Crop value 8l S/ak 121 ¢/af of BT
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LIT7 lerigated. Xores

1177 Ass cres

Jotal Wysten Leagth (miles)
Jroject Feriaeter (miles)
vroject Damectness Ratio
lirinatea Acres / Systes vile
Ater users > 20 acres

Ju3n
Su00
11. 0
18
1. 76
366
10

wnfederal Jriqgin
larliest tlow Eiant

5 -1-18%
‘weraqe  Flow Riaht 5 =-1-13%4

4

fotal tiater Flow Rignt 5 cfs
vater Right Luty 468 a/cfs
Usaule reservoir Storase 30000 @
Usable Fescrvoir Storage 7.44 af/a

L1277 pPU)CCT VATER USE

—— L — ===

AR AF /N RINFLOW

Juter piverted to Jroject 17049 4.23 100
seepage losses 5211, 1.31 31
Joerational (osses 0 J.00 0
catw Deliveries 11778 2:92 69
fective Precipitation 1539 .42 1
Farm unotf in jleturn Flow 0 0.20 0
e percolation a6 1.2 29
svapotranspicration 0663 P 31
Ifrijation Pecuirencnt 6331 1Tk 40
rroject Meturn flow (4] 0.00 4

1977 Reservoir 3torage

17050 1.23 130

1377 project Conveyance cfficicncy 69 3
1,17 vroject Application Lfficiency 59 %
1477 vroject Irrigation CfEiciconcy 40 %

Pl O SCRVICE ARGA

Aqhizsl Irrinable clevation 4650 £t
towest  [rrigacle [levation 4355 ft
Jdevation vifferance 325 £t

Ulevation DLEE, / Systen “tile 23,55 ft/mi
Jdevation pifforence / Acre C.udl £t/a
0% (3-10%)

werage Lamd Sloue 1004 (0-3%)

Al ystea [ength

s.on channel B7.1 ¢
tined chanmel 1.5 1
Lz 2.2 B

lired chanmel + pipe 16,7 %
Jonal tetted Area
Junal Area / Irriqg Area 3 s
nun Seosage fate
‘avisun pivorsion Zamacity 105 cfs

N3

trrinated aroa at ax Cao. 38.4 a/fct
vroject Irrigation tells ]
sroject lotal punos 0
i buse eaand 0 up

eneer of svsten lucnouks 31
furnouts / “ile of wstem 2.7
Leritated acres / Turnout 134
ieasureca ‘furnouts 30

11.0 miles

14 acres
0,600 ft/day

r
LS

Average Farm Size
S0il=-—-5ilt foauw
Averaoe Soil Derth

500 acres

35 inches

awve soil Moist toluing Cao 2.5 in/Et
Gravity Ircigated Land 100 %
Sprinkler [rrigated Land 0%

Assessea Land Irrigated (1977) 41 &

pre . =

WATER SOURCE

Piver or Canal 100,.0 %
Srourkiwater 0.0 %
Other 0.0 &

VATER COVIROL

Auaber of witenriders 1
Irrinated Area / pitchricer 4030
qamber of vater uUsers / D.R. 10
Systen lenath / L.R. 11 nmilos
Turnouts wver pitearider 3
‘Turnouts 'easured oy DL, 160 &
rcnouts Checkea oaily 100 %

Average “ileage / L.,
D.ft. Mileage / System Mile

100 wi/cay
9, U9 mpd/mi

ater beliwery Type -- Continucus

ater siverted, vifted, or pressurizec with vroject ~umps 0 % total
ater viverted, Lifted, or Pressurized with on-farn Puwps ¢ o totad

ater Selivered at viigh sressure vy Project

0 & total

iprinkler Systess iressurized by Project 0 % by farms 100 &
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SPUEATTON MDD P WINDCAN 1013 COSTS

wijusted 1977 Josts S/user s/af NG eyston
L277 2&1 Assessinent 30000 7.44 2727 00 1,760
(1Y \aainistrative osts 4502 1,12 and 450 0,204 23 23
(.) ater Control Costs a15L 2.26 130 919 0.53%2 47 A
{3) ‘laintenance Tosts 5724 1.42 524 572 0.336 29 29
(4) snnual Power Zosts v 0,499 ) 0 0.000 u
(v) ‘eservolir osY Josts 4} .10 35 40 0,023 2
rotal ost Costs (1+2+¢ 3 12417 4,82 1745 1942 1.139 100 it
lotal =r3ject Dosts (1+2e34) 117 4,32 1765 1942 1,139 98
rotal 3 dOsEs (LF2431445) 14817 4,02 1902 1982 1.162 129
Lo ridEL TNEOR Y ITO0
M gustad 1077 Juste 5 s/acre S/aile  stotal
wainizstrative fersonnel Costs 2056 0.511 167 21
dler ontrol  Personnel Costz G024 1.495 548 52
rzintenance versonnel osts 1n32 0,405 14t 17
Tocal ersomiel Costs 2714 2.410 533 ]
mrsonnel [abor Peculiroments  eariyeary ay/a ayAri dtotal
Acadnistrative (abor 0,25 G.0D00R2 0,022727 24
cater Coourol  Labor 0.5 0.030124 0.045455 0
‘wintenance | aior 0,15 J U0Cud7 UL UL3636 L7
total rroject  Labor GO0 0,000223  6,031818 100
sveroge fersonnel Cost  (tetal G/total wy) ¢ 1793 / year
SLSCELLAWLGULS
wolusoea 1077 Jasto S slacre ani t0e
wiibenance raterials purcnased 1305 0,34 L26, U 7
traject venicle & omuin ceuree, 5 U. L0 0, U (¥
vires venicle & Mhuip dewree. 1446 0,306 121,435 )
tokal velticle & bLruis ceprec. 14406 0,30 1:1.45 7
Lu77 rowoe Junsunotlon ) kwili 0 ken/o L okwii/nd
1477 rroject iower Josts 8 J 00 S/Kwi
L1277 Ceods value £ S32000 231 3/a
Lu77 Troe value 55 S/at 103 s5/&f of LT

A00
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L1937 1rrinuted Acres 25520 qwnfeceral ariqgin
I 177 nsSessed fores 25327 parliest Flow pigut 2 =314
Jobal svSted Dength (iles) 112, 0 weraje Flow Mgt 2 =-31%1
craject erinetar (ailes) 47 notal iater Flow pout 513 cfs
sroject Jonpaclness Tatio L. 35 wter Piqht Doty 45 afels
1rrigated heres / aysten tile Ll ¥ Lsacle leservoir Gterage ¢ af
sber Lsers > 20 acres 15 Usaulz reserwoir Storaae . afza
V277 BRAECD v USh AR AE /A BLARLO
Joter iverte. o rroject 66911 (2.62 ) 109
Loeoaie LOsscs 543 : a
uperaotional iosses (] 0.0n f]
rarci Leliveries 61472 2.41 Bz
wffoctive Precipitation 5072 0,20 P
varm Punoff in Peturn Flow 0 0.u0 n
wrep tercolation 24635 0,97 37
warotranspiration 41214 1.61 o2
Irecigation Reguirement 36738 X.44 65
aoject ieturn Flow 0 0.0t u
1547 deservoir Storane 0 C.0U U
1477 project Conveyance Dfficicicy 92 %
1377 vroject Anplication Rfficiency 60 &
1017 zcxoject Irrization officicacy 55 %
ISPOCENRY PIOTECD SECVICE APREA
iioesl Jreiraale Blevation 3500 £t Average bFara Siac L7010 ceres
pab lrrinacie Tlevation 3030 £t Joil--=5ilt [oan
Aovation ciffercpce 470 ft weraoe 11 et 35 inches
fevakion Oiff.. / Swston ile 3,95 ft/ind Ave Soil 'wist olding Caw 2.5 in/flt
idevation vifference / here 0,018 [t/a Cravity Irrigated tand Ui
woraos Land Slowe 0% (0-3%)  100% (3-10%) Sorinkler Irrigatoc Land LU
hszessed Lamd lerisated (1977) 90 o
CAAVLYA VAR SOUDRCE
iotal Systen Lenatn 112,06 wiles tiver or Canal 100U.0 %
Geen cuannel 9.3 % Sroundwater 0.0 %
lines cnanncl i P seier U0 %
DL ) 0.7 A
lined coannel + plue B0,0 1 s=s====ss=
Soatal  retbed Area 67 acres Ares COTROL
wnal Area / [rrig Mrea 0,26 4 mwe= perm==asss
siaw Seenade late 0,50 fv/32 qunizer of nMitcuriders i
aximus niversion Capacity 432 cfs lerinated Area / ocitchrider 4253
[rrisated Arca at “ax Caz. 50.1 a/els wamer of vater Us2rs / u.B. 3
rruject lerination (ells 0 Aystem lematn / ok, 20 miles
“rojoct ‘iotal Punos 90 Turnouts per Ditcurider i/
asthewn puu penand 59335 he Turnoets Teasured oy DLl 5 0%
wwer of Gysten lurnoals 41 Turnouts Snecked aily 10u ¢
furnouts / le of Svstem 0.2 Average ‘'ileage / D.P. 115 mi/cay
trrivules Acres / Turnout 622 D.R, “ileage / system tile 11,34 roa/mi
casures urpouts b} later elivery ‘fyoe — Continuous
juter biverted, Lifted, or bressurized with project umps 1luu ¢ total
sater Diverted, Lifteu, or Pressurized with On-farm rumps 0 % total
ater Jelivercd at iigh Pressure by Project 100 % total
sorinkler Systems Pressurized vy Project 100 & oLy Farus 0 %
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WEFATL O AN PATHTRIA LT 2051
Adjusted 1977 Costs $ $/acre $/wile  S/user S/at W szystem
1977 s Assessnent 1678750 65.78 1417 111917 (25,085
(1) Adninistrative Qosts 30015 239 204 4001 U.397 1° 4
(N later Controi Qosts A3G12 2,69 517 4574  1,02% 2¢ “
(3} ‘laintenance Tosts 151887 i 1522 12112 2,715 5) 12
(£ annual Power Zosts 1256140 49,22 10555 83743 13.773 3¢
{5) deszrvoir CF! Josts 0 0.00 0| ¢ n.oGu ]
Potalk D&t Josks (1+2+3) 31lulld 12,16 200 20682 4.638 100 a4
rutal project Costs (1+243+44) 1556450 61.38 13123 1udd43u 23,411 1uD
sotal vston Gosts (14243+44+5) 1556450 61.38 13163 104430 23.411 100
FLRSOAHEL ITnEON IuN
wijusked 1977 Qosts 5 $/acre 3/imile  stotal
aainisteative [orsonnel Costs 11733 0,462 99 10
aater Zoncrol  Bersonnel Costs 53579 2,295 442 47
alntenznee mrsonnel Costs 531613 2,083 147 43
otal fersonnel Costs 123530 4.841 14036 0
corzounel Lanor iesuirements monyears ay fa ay Aud stetal
Aualnistracive Laoor U.6U0  D.ub0U24  0.005042 6
vater Control Labor 4.10  0,000161 0.034454 41
Maintenance Labox 5.25 10.,000206 0.044118 53
vtal Project labor 9.95  0,000390 0.083613 100
Average personnel Cost (total S/total my) § 12415 / year
MISCELLAJECUS
3 S/ecre S/rmi SO
Jaintenonce aterials Purcissea 913491 3.82 2l14.4 il
rroject venicle & Coulip ieprac, 11549 .45 37,64 q
tirec vetricle § fruip Leprec, 0 {.00 0,00 U
satal venicle & muip beorec. 11649 0.45 Q780 4
1277 vower Consumption 802856J0 kwa 3146 kwir/a 674603 kwa/icl
1477 croject pover Qosts § 1253140 J.;l_:r)"ﬁ%wu
Lui7 Croc value $ 15062000 - . (590.8/3
1477 Crus value 225 $/aL | (365 5/aL ol i1

\
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L3717 lerigated scces L1G00 sederal Oriqin
1 471 Assessea Jores 10321 lacliest Flow pRiaht 6 -1-1519
Iotal pvaton leaatn (wiles) 63,0 ‘werage  rlow Iinnt 7-10-1%04
vroject perineter (riles) 10 ‘atal water Flow piant 30U etz
vrojoct Joncectness fatio G4.17 (ater iaht oty 37 a/cts
ltcigated Acres / Syastem tile 133 usaole Teservoir Storage uef
iaker lsers > 2 acres 55 wsasle Peservoir Storage L.OC al/a
JH PR ECr EATER USsE ny AR M STIRLOW
water Diverted to vroject 111825  10.1R 100
Secoane Iosses 2119 2.74 2
aerational Losces 17620 1.61 16
varu deliver ies 114 5283 57
wlfoctive Precivitation 2037 0.19 2
rativ funoff in boturn Flow () Q.20 3}
et percolation 157147 3.4 i3
Wwapotranspiration 29407 2.67 25
lerigation iPeauirenent 27365 2.49 24
vcoject keturn flow 17690 1.6l 10
12377 neservolir Sterage 0 0.00 f
1977 project Conveyance [fficicncy 57 4%
1J77 vProject Application pfficicncy 43 %
1:77 vroject Irrication Efficicncy 24 #
SEESEISSSSEsSSSSISSESSISSISIsSTSSSSssos==ss=mme= 000 mmmemae S s=s=EssssssssSs========= =z===
[oncPAR Y PIOIECE SERVICE AREA
drtest lreinaple rlevation 247 EL wverage Farw Size 150 acres
terwct  Irrinacle Clevation 2475 1o soil=-—-Sandy loau
Levation wvifference 5 [t ‘werage Soil werti S0 inctes
Lewntlon <lfE. o/ Sygton ile 2,75 ft/ind Awve 501l Moist folding Cap 17 in/ft
Lovotion Cifferonce /o here  0.036 Et/a Gravity Irricated pand 20 %
stane tand Slose’ 338 (6=32) H7u (=109 “orinkler Irrinated Lawxl an
assessed [and Ircigated (19771 107 %
S = = i3 it T X T 33 -+ 1> —F —F =+ ======x nEeess
1 AR PNPEPR =SauhCr
: 3.0 miles rivar or Canal 0.0 4
waly enannel e Bl TrounGwater 3.0
vined channel 19,0 % Jther Gl &
Lo e b
Lincu channel + ploe 27,0 ¢ Szrmmmceas S nninneraia
ab etteu area 201 acres JANTE COePROL
@ial dcsa / lceidy Area 1.83 & Sr=sssssssssssssssoss e
axlaul Sccoate jate 0. 9% fr/day iwwer ol liteuriders 3
axleun oiversica Capacity 350 cfs [rrigated Mrea / oitchricer 506/
lecivated “rea at ‘ax Cag, 3.4 a/cic wnber of Later users /Wb, 22
dragece Irrigation tells b} systea Lepath /0.1 2% riles
‘rejoct otal unus 4 turnouts por oitshrider R R
a¥idi. Ml tediana 3 ho ‘furnouts ‘easured Ly D.2. T3 &
asier cf “wston Juroouts 128 furncuts Quecked maily 100«
rtoats /' le af gpetei 1.5 weraae Mileage /LB, 35 i/ day
trpinstes Aores / lurnout 56 L. ileage / Gyslewm tile 2:35 apd/iand
claltea furnsuts 43 «eler oeliverv Tyoe -- Cantinuous
Jtcr civertad, wiftea, or Pressurize. witu vroject Puuos 0 & total
stor vivertkea, Lifted, or brossurizoo with oo-fars Awwns 38 ¢ total
aweor ‘elivered at ign Pressure ov o pProjoct 0% total

iwrinklor ‘ystems Prossurized by Project 0 ¢ by varus 100 32
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3 1416776 i ¥ 2158 1,20
{1 Agslaistrative Costs 21155 1,52 255 325 0,189 15 15
{2 ater 2onkroil osts 22207 2.02 Bk 342 (X 19E 15 Lu
(3} aintenance Costs nI0649 2eB2 115 1133  Q.867 Y] BY
{4y Aunual Foner DSES 0 1. 00
() leservolr O&) Dosts ¢ J. 00
(142+3) 140400 12,76 2 1.:254
Mrsts (14243+4) 120402 12.76 J ¥ I 21452 1,254 Lug
o4 et ('buL S(1E243+445) 140408 12,76 1292 AT 1,254 10
el iAol THPOL ALl
Adjuscea 19077 Costs 8 ¢/ecre S/uils.  stotal
wilnistrative fersonnel Tosts 14504 1,346 172 14
Jater Jonteol  earsoanel Josts 15473 1.407 130 2U
aiantenance rersomel Costs 47211 4.3%0 577 51
votal fersonnel Costs 73192 7.103 942 U

v Al itotal

-~-.'r'.inis'_ra:twn tacor 1.20 o, 000lu9  0,014458 9

‘ator Montrel  labor 1.50 e a014s G.0L4277 23
aintenance Labcr 3,67 0,000334 0.,044217 By
otel erujeoct  Labor 5.47 L0530 0,077950 1un

wWerate rersoancl Cest  (Letel S/total wy 50 12645 / vyear

TSCELLANRIUS

aajusted 1977 Costs 5 S/ocre S/l L0
aintoneace aterials wurchased 16115 1.47 1s4.15 11
roject wvehicle & dgquip Cecrec. 11053 1.9l 133,23 )
JGired valiicle & tmuip uepree. 300 0.03 3.72 n
potal vahicle & fguip Deorec, 11367 1.03 136.95 3
1277 power Bnsuaintion C kwi 0 lkwl/a O /il
1277 pvroject Rower (osts 3 0 1, 0000 §/4wn
L1977 Crow value g 2638000 244 G/a
177 Troo value 24 5/af 21 5/af of L1
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1,77 Irrigated Acres 9440 wnfederal (rivin
1977 Assessed Acres 24410 llarliest Flow fight 6 =1-1364
total Systedn Length (miles) 55.0 nwerage  Flow piant 51515170
rroject reriseter (siles) 2 fotal Water flow Fiant 187 cfs
vroject Tomusactness ratic 1.80 ater Rilaht Cuby 50 a/cts
irritated Xres / Systean Mle 172 Usable Meservoir “torage 23 af
Jater Jsers > 2) acres 170 tizable Peservoir Storage 0.25 af/a

1977 DU ELCT IAPER USL AR At /A ALWNEFLUW

aater vlverted to vroject 47058 1,98 100

Srevanie Losses 9626 1.02 20

vecrational Losses 16586 0.18 4

raci beliver ies 35743 LY 76

iffective Preciwvitation 3855 0,41 8

tarn munoff in peturn Flow 0 u.0U 8

ey Percolation 13702 1.45 29

wapotranspiration 24663 2,61 52

lrrigation eguirenent 22041 233 47

vroject eturn Flow 1682 0.18 4

1977 Peservoir 3torage 15758 1.99 40

1477 eroject Conveyance Efficiency 76 %
1977 project Application Bfficiency 62 %
1977 vroject Irrigaticn Cfficicncy 47 %

IROCRAZITY PROITCT SERVICE AREA
uimest lrrigaple tlevation 2655 ft Average Fara Size 56 acres
Lnest  1rrigable Clevation 28505 ft wil—-5ilt Loam
olevation vifference 150 £t werage 30il Depth 45 inclies
luvation Diff, / Svsten vile 2,72 ft/uwi Ave S0il Moist ioluing Cap 2,3 in/tt
dovation vifference / dcrce 0,616 [t/a aravity Irrisated fand 100 %
wpoerace bard Slove T0ds (0-32) 0% (3-10%) Gerinkler Irrigated Land 0%

nssessed Land [rrigated (1977) L0 ¢

VNTER SWARCE

fiver or Capal 91,7 %

o lenged 55,0 i
“@en channel 0.0 « Sroundwater 3.0 %
lined channel 0.0 Other 4.7 4
i 0.0 &
iined coamnel + pine 0.0 & = e i T
Carral etked Area 8l acres VATIER CONTROL
canal Aeea / Ircrin Area 0.6 4 = == ===z e=zoas
.<luun Seevage fate 0,95 Et/doy lutber of Pitehriders 1
axisun civersion Capacity 205 cfs Irrigated Area / Ditchrider U440
(criqated Arza at ax Cao. 46,0 o/cfs fumber of Vlater Uscrs / D.R. 100
“roject Irrication vells 2 Systen Lenath / D.F. 55 wiles
vroject jotal PFuncs 2 Turnouts per ultchirider 66
Taimun fuae eaand 46 Lo rfurnouts teasurea by uU.l. 10+
waler of systen Tuencuts 6o Turnouts Checked Caily 100 %
lutiouts / i'ile of Systern 1,2 Average “ileage / 0.1, 35 wifcay
lerigeted Acres / Turnout 143 D.R. mileage / System prdile (.64 npd/mi
‘casured urnouts 56 Water oelivery Type -- Continuous
Jater piverted, ifced, or Pressurize! «ith Project bPunps 0 % total
Jater ulverted, Cifted, or pressurizes witn On-farn pueps U ¢ total
wator Delivered at tilaoh vressure Ly rroject U % total
sprinkler Systews vrossurized oy broject O % by tarcas 100 %
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JEEFATTON AND MRIFPFA 01 Q0SS
Adjusbea 1277 Costs $ S/acre  $/wile  $/user s/ak tJ&!  tuysten
1977 J&1 Assessment 50654 5637 4921 294 L.udo
(1) dainistretive Qosts 14759 1,56 208 87 .34 22 21
(2} .ater Coatrol (osis a0 .9 los 53  0.1%3 13 13
(3) "eiatenance Costs 44600 4.73 311 262 0,948 65 03
(4) Anneal power (OsSts 1392 U.15 25 3 0.030 2
(3) feservoir O&1 Dsts a0p 0.04 7 2 0.00¢ 1
potay O Josts (1+2+) 63442 7.25 1245 403  1.455 100 37
wecal Project osts (1+243+4) 659240 7.40 1270 411  1.424 34
rotal Svsten (O5ts (L+2+43+445) 70252 7.44 1277 413 1.4¢3 100
PUPSOUNEL INFORNWTION
Adujustzu 1977 Josts 3 s/acre S/mile  3total
faministrative Persomnel Costs 7422 0.756 135 14
«aler Control  Personnel Costs 76493 0.314 140 17
aintenance personnel Costs RIVERTY 3.271 b0l 57
wotal Personnel Costs 45055 4071 36 i
retocnnel Lacscr Foeguircacnts  aanyears Ly /fa wy/fnl dtotal
subuinistrative Lalor 1.C0  0,000106 0,013182 13
Jater Control [avor 0,70  U,000074 0.0L2727 14
waintenance Later 3.4% 0.000365 0.062727 57
wkal rroject  Lacor .15 ©.006546 U.023630 100
‘werege iersonnel Cost (cotal S/tctal wy) § 0 8523 / year
LISCrLLANGSUS
Aajusted 1977 Costs S s/acre S/mi 30E
Haintenance ‘aterials purchased 4371 0.94 161.29 13
vroject vehicle & fouig deprec. 1502 0.17 28,76 2
Aree veaicle & @juip venrec. 339% 0.41 70.24 5
Hobal voaicle & Fyuip veprec, 2472 (.58 99.60 8
1477 cover Qonsumption 29077 kwi 3 lwnfa 1620 kein/nd
1977 project rower Costs O 1371 34,0157 $/kwb
177 Zron value 31743000 185 3/a
177 Zrow value 37 s/af 71 $/af of ET
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L7 Irrisatea Acres 32030 feawcral ricin
L5377 assessolw eres 39841 parliest Flow biant 4-15-1914
potal Systew fenglh (miles) 194.u Average  Plow tdant 6-15-12
rruject lerioeter (idles) 55 total yater vlow Rigut 324 cfs
Pruject Comsactness Ratio 1.55 {;ater nigut ey 117 a/cis
lecimated acres / 9ysten tile 195 ysaple feservolr Storage 208500 &f
nler users > ZJ acres 496 Usable Teservoir Storaqe 543 at/a
L3771 PREMECE TADN USE AF AE /0 RINELOW
\later Divertea te Project 244155 6.42 160
xepage Ipsses 47947 1.26 20
Jierational focses 31426 0,13 13
vaca weliver ies 154781 4,33 67
Iifective irecivitation 11737 0.31 5
vars munoff in eturn rlow 35915 0.94 15
et porcolation 5645 b3 21
wauokranspiration QU736 2,39 37
Irrijation lequircnent 73221 2,06 32
Jroject Return clow 57341 LT 29
1277 meservoir torage 209224 5.50 e
1937 vroject Conveyance (fficiency 67 %
1377 project Noilication Cfficiency 47 &
1977 Project Irrication LpEficiency 32 %
+IPICEARAY PROAJECY SERVICH ARGA
e m=wn SZTSSSSS
Wauzst Irriqgcole Flevation 2590 Ft Averade Fara Size 77 acres
Lawest  Irrigacle flevation 2230 ft foil-——-loan
iLevation pifferznee 350 £t Averace S0il Deptn 48 incties
Llovation piff. / Systea tile 1,30 ft/mi Ave Soil roist loluing Cao 2.2 in/ft
ulevation nifference / Acre  0.009 ft/a Gravity Icrigated Land U 4
Averase fand Slope 503 (0=31) 5% (3F10%) Sprinkler Irrigatea Land 0 =

Assossed Land Irrigated (1970 25 %

PP = = z=m===

COav LYANCE SYSTEM TATER SCONRCT

Fovisl Aysbe o Lengin 194.0 miles mMver or Canal 1U0.0 %

Lw.en channel a4,0 % Jroundwater 0.0 %

Line ! cnannel 5.0 # Other 0.0 %

i N

lises channel + pive 11.C % S e
0 otbed Arca 33b acroes FATLR CONTROL
canal area / leria Area 1.8% % = ====
wxinun seencye rate 1,97 ft/dav dwiber of Ditenriders 0
waximun civersion Couscity 925 cfs frricated Area / pitchrider 6331
lrriatad Area at vax dan, 46.1 a/cfs Aumwer of lister users / D.t, 83
roject Irrination vclls 0 System Lenqgth / D.I. 32 miles
droject Total pumos 13 ‘furnouts per Ditonrider 150
AXLIWG A Oonanyd 6630 ho Turnouks (pasured by N.E. Mt
sater of Dysten juraovuts 959 Turnouts Thecked paily 10U %
urnouts / lile of Fstom 4.9 Average 'dleage / D.T., 55 wi/cay
Lerigetad Acres / ‘furnout 40 D.t, ttileage / System Mile  1.70 npd/mi
casdred furmuts 710 Jater felivery 1lype -— Continuous

Ister viverted, tiftea, or eressurizoed with Project punps 44 %
ater uiverted, Lifted, or vressurized with On-farin Pumps A %
sater Selivered at Rian Pressure by “ruject 0 # total
sprinkler Oysteas Pressurized wy broject 0 % by Farms LU0
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OPERATTON AWD MAITTIN LG NOSTS
Aojustad 1977 Costs 5 S/acre S$/mile §/user s/af & ssystem
1977 O&1 Assessment 460820 12.12 2375 929 1.887
(1) Administrative (osts 72309 1.90 373 146 0.29 13 15
(2) water Control (osts 76030 2.00 392 153 0.311 13 16
(3) iaintenance Zosts 262815 .94 1360 532 1.081 G4 56
(4) Annual Mower Costs 39208 1.03 202 7% U.161 3
(3) Rescrveir Us! Josts 22071 0.58 114 44 0.0U0 5
fotal 2% Josts (1+2+3) 412154 10.84 2125 431 1.06ug 100 i1
iotal rroject Dosts (L+2+3+4) 451362 11.87 2327 410  1.649 15
Jutal Systenm sts(1+2+1+4+5) 473433 12.45 2440 955 1939 luu
PEFGONNDL INFGHATTON
Acjustea 1977 dusts S 5/ecre S/uile  3totel

Agininistretive Personnel Costs 54905 1,444 283 20

water Tontrol personnel Costs 60535 1,592 312 23

Jadntenance rersomncl Costs 152401 4.007 734 57

ivtal personnel Costs 267841 7.043 1321 0

rersonnel Labor Pequirements manyears iy /a my /il %total

saninistrative Lakor 3.80 0.000100 u.u135838 16

Viater Control Labor 5.5J)  0.000145 0.020351 24

Jintenance Labor 14.10  0.000371 0.072680 60

qotal lroject Labor 23.40  0.000615 0,120618 100

dwveratie personnel Cost

(total §/total aw)

$ 11446 / vear

SLSCELLAWDOUS

AGjusted 1977 Costs . $ S/acre 3/ 0
wintenonce faterials purcrased 554921 1.47 283,25 14
rraject venicle & iguin Deprec, 23407 J.62 20.65 &
ilired veliicle & Wyuip veprec. 4430 0.12 23.13 1
total voliicle & pyuip peprec, 27325 .73 143.79 7
1377 bower Consumotion 11260000 kwir 296 kwh/a 53041 kwh/nd
1577 Project power Tosts S 29208 0.0035 §/kwh
Lu77 Crop value 3 B537000 226 S/e
1997 Trou Value 35 5/af s $/of of I
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Lyl Lrrinated Acres 2370 winfederal Crigin
1177 nssessed Acres 2855 varliest Flow fight  12-29-1413
retal systow Lengtn (miles) 51.0 ‘wwerase  Flow Mignt 12-29-1913
vraject ferineter (niles) 21 ‘otal tater Flow Rignt o) cfs
vrojest Conpactness tatio 2.3 aater right futy 47 ofcfs
lrrinated acres / System tile 46 usable iescrvolir Storaje 20000 of
mbsr users > 20 acres 25 Usable fesecvoir Storage 12,24 af/a

L1277 PRUNCE VALER USE AR AP/ LIFLOW

doter piverteu Lo Project 19356 3.78 164

repage losscs ¥ 0.00 ]

wierutional Losses 1174 0.30 13

rarw weliveries 7752 3.28 57

wWlfective vrecipitation 041 U.27 7

caru untEf in rfoturn Flow 0 U.00 U

oo percolation 2502 1.06 28 .

ivapotranswiration H0u7 2o (7

ircigation neouirenenc 5281 2,23 59

roject eturn clow 1174 0.50 13

1477 peservoir Itorage 14365 2.17 216

1477 vroject Jonvevance [fEficicncy  R7 &
1,77 Project Mpplication Ffficicney 63 &
177 rroject Irrigqation [fficiency 59 3%

S —— o ——————— S gy

IGTRARY LRAGPCT SERVICE Al

. Dlevation =540 e Averane pacn 3dze 170 ocres

v Ircirasle tlevation 2370 te Soil—-toau

olhovation pAffcrence 170 £t werage il weota 40 Lnenes
lovabion Giff. / syston dle 3.33 ft/ni Ave Soil “bist felding Cap 2.1 in/Et
tovplion sifferonce /Acre 6.072 Ct/a Cravity Irriaated Land G2 T
worare [anzs sdope 20t (0-3%) 30¢ (310%) 2prinkler Irrigated Land 40 1

Asscssed Lano Irrigatea (1977) 483 %

COUVEYANCE SYSTEM WATER SOURCE
oral systen length 51.0 miles river or Canal  26.0 ©
Gaan suannel 100.0 % Srouniyaler G.0 ¢
Limd cionnel 0.0 4 other J.U ¢
i N0 4
linad cuanrel ¢ pice 0.0 === ====== et e
canal woetted Area 37 acraos ATLR CGATOL
mnal Acge f freia Area 1,55 % = === SERsSesnssnaas
sadoun Seepanz tate 0,52 ft/any dumer of Citcnciaers A
r.ion Coasacikty 60 cfs Irrigated Area / pitclicider 2370
lerigawea Aroa ab vax Cap, 34,5 afels tamber of ater Users / DR, 25
Joject Irrinatioa Tells U Syskbam Length / o.lli, 51 wiles
igsject ‘mtal funus g Turmouts per uitcocicer e
adizun Pu) e dand Q hs Turnouts ‘easurec by 1,1, 100 %
woeer of dystea Tucnsuts 109 Turmputs Chackeu Laily 100 %
Lurnouts /12 0f Systen A0 Average Mleage / u.P. 17 wi/day
levivatad Acces / turnout i i, Mileage / System Mile .32 mai/nid
COSUCeT furnauts 160 sater welivery Type -- Continuous
atur ivected, Lifteu, or vressurized with project ruaes U & total
cater viverted, (ifted, or pressurized with n-fora tumps 40 % total
tater gelivered at ftigh pressurc sy Croject U ¢ total
sorinkler Sysleus Pressurized oy Project 0% Ly farns 100 &
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HLEPATIO AL TATWTLGALCE QOSTS

vajusted 1277 Costs S 3/acre  S/uile S/user Syraf W& ssvsten
1977 J&41 Assessmeont 23718 10,01 4155 345 2,648
(1} Adninistrative Dosts 2477 1.05 44 99 u.277 9 J
(2) later Control Tosts £557 2.35 109 223 0.622 20 20
(3} taintonance 2osts 19393 8.40 3 796 2,222 71 71
(4) Annual tower Costs 0.00 i 0 u.oue 1]
() 2oservolr uv ' Tosts 223 0,10 i 9 0.025 1
wotal JeM Costs (1+2+43) 27242 11,79 548 1113 3.120 100 Py
iotal Mroject sts (1424 3+4) 27942 11.79 543 1118 3.1 24
otal Svstenw (LSts (L+2+3+443) 28170 11.89 552 1127  3.145 Lao
PERSOMEL IHFOLR ATION
‘wjusted 1977 Costs 5 §/acre S/mile  stotal
Ausinistrative eersonnel Cests 1524 0.643 ic 12
v'ater Tontrol personnel Costs 3882 1.0641 7% 32
Llutenance rersonnel Costs 6371 2.899 135 50
rotal personnel Costs 12283 5.133 241 0
rersonnz2l Labor Rejuirements nanyears ny/a ny/ni  stotal
fuainistrative [abor 0.25 0,000105 0.004%02 19
arer Jontrel  Laoor 0.42  0.000177 0.008235 32
sailncenance Labor 0.65 0.000274 0.012745 45
wtal Froject  Labor 1.32  0.000557 0.025382 100
fverave fersonncl Cost (total S/total rwy) £ 9305 / year
il SCOLLANEOUS
Adjustod 1977 Josts § 3/acre S/ 20v1
aintenance 'aterials Purchased 3784 1.60 74.20 14
rruject vehicle & cuuic Leprec. ‘) J.00 U. U V]
Jired vehicle & bquip Deprec, 2087 0,89 40. 92 7
wtal vehicle & Bouis veprec. 2037 u.u8 40, 92 7
L1577 sowsr Consunption U kwii U kwh/a C kvin/mi
1277 Jsroject Power (osts & ] J1.0000 5/kwh
1277 Cron valoe & 559000 236 $/a
1977 Croo value 62 5/af 93 s/af of EY

Ly






APPENDIX C

1977 EVAPOTRANSPIRATION AND CROP INFORMATION
FOR COOPERATING IRRIGATION PROJECTS

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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APPENDIX D

MONTHLY WATER USE AND EFFICIENCIES OF
COOPERATING IRRIGATION PROJECTS DURING 1977
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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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APPENDIX E

GRAPHS OF SEASONAL WATER 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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...................................
...................................
...................................
...................................
...................................
...................................
...................................
...................................
...................................
...................................
...................................
...................................
-----------------------------------
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-----------------------------------
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ENTERPRISE IRRIGATION DISTRICT
5970 IRRIGATED ACRES

5+ TOTAL INFLOW
20,100 AF
337 AF/A

ol
o
J

N
T

N
T

(§]
I

\\_

. 8780 AF ~_
44% O

=~

MONTHLY WATER USE, THOUSAND ACRE FEET
= {3
| |

(3]
|

'\\L\\I\‘\\k\ |

MAY JUNE JULY AUG. SEPT. OCT.
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MONTHLY WATER USE, THOUSAND ACRE FEET
o

PARKS & LEWISVILLE IRR. CO. INC.
8500 IRRIGATED ACRES.

TOTAL INFLOW
105,950 AF
1246 AF/A

OPERATIONAL LOSSES
43,260 AF
4] %

SEEPAGE LOSSES

\srrso AF

DEEP PERCOLATION
39750 AF
38 %

< IRmsRTm Reoumaueu :
~N3.180 AF
TS

| \..1\\\\1

MAY JUNE JULY AUG SEPT OCT
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THOUSAND ACRE FEET

MONTHLY WATER USE,

(0SGOOD CANAL CO. (UBI SUGAR CO.)
6220 IRRIGATED ACRES
5
_ OPERATIONAL LOSSES
a5+ TOTAL INFLOW 99% A
16,950 AF —
273 AF/A
at * "SEEPAGE LOSSES
1980 AF
12%
3.5
DEEP PERCOLATION
| 4490 AF ~ -
2L 26 %
|
25
2 - _ \‘1
/[ R = \
I ‘ - \\
15+ i s e e
) \
[/ IRRIGATION" REQUIREMENT \
[ - Hf- 8s70 AF \
- 53 % 1
{
o {
> |
(0] it g g U R E TR oditne S aY g

MAY JUNE JULY AUG. SEPT OCT.
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IDAHO IRRIGATION DISTRICT
35,600 IRRIGATED ACRES

TOTAL _INFLOW
314,300 AF
. — 8.83AF/A

S

SEEPAGE -
LOSSES >
60,900 AF

5SS

THOUSAND ACRE FEET
O
T

RUNOFF
40— LOSSES
4600 AF
1% —

W 350
8

30
= ;
W o5 \
g ~§ DEEP PERCOLATION
= 20— e 111,600 AF

> 36%

> ~
-l -
T IS
=
& 10 — S \\ 3
= IGATION REQUIREMENT

5 \\ 54,000 AF .~ N0

! \‘ 3 \13 “\\\ e N
o[ l\‘\\.l ~ \1\\L‘\‘\J \'x\L

MAY JUNE JULY AUG. SEPT. OCT.
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MONTHLY WATER USE, THOUSAND ACRE FEET

DANSKIN DITCH COMPANY
4738 ACRES

OPERATIONAL LOSSES

TOTAL INFLOW
59,340 AF
12.55 AF/A

DEEP PERCOLATION
37,630 AF

~

//

JIRRIGATION REOUIREMENTS 5
11,080 AF _ ~ N \

19 % Pt

\ \\\\\;\\‘ Q\

MAY JUNE JULY AUG. SEPT. OCT.
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BURLEY IRRIGATION DISTRICT
41,440 IRRIGATED ACRES

l; 60 TOTAL INFLOW
235800 AF _
Ll 569 AF/A OPERATIONAL LOSSES
L 55 ~_ 14,400 AF
6 %
& 5
(0)
g
g 45  seepAGE LOSSES
46,400 AF
20% —_
3 40 ~
o »
pu =
- 35 5
§
w 30
g A\ ! DEEP PERCOLATION
| 8 99,800 AF
25 Ny a2 %
o L]
b \ N
< 20 ]
3 > ,,'
15 q <
2 - \\
- \
= 10 \ |
3 L ~ ~ s e \\\ ™
% 5 IRRIGATION = REQUIREMENT = . \\
70400 AF
30% - \
0 I\l;_xl\‘\\\l_x ) e J\ |
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A & B IRRIGATION DISTRICT
73,850 IRRIGATED ACRES

65 OPERATIONAL LOSSES
—~ 4980 AF
TOTAL INFLOW 2%
¥ 60

CRE .

MONTHLY WATER USE, THOUSAND A

~ 282,960 AF ~ p/ \
| 3.83 AF/A S \

55 |- \ SEEPAGE LOSSES
-
J

50| /é' \

RUNOFF LossE// N\
45| 3700 aF L\

N
40 7 \
/ \
35 Q. DEEP PERCOLATION \
y 100, 820 AF \\
) 36 % \
i il ¢ \
- \
25 \\
201 N \
/" IRRIGATION neouml-:mam'\ \
IS >0 w870 AR <~
! SR NO
o
5 e
g ) B M e, e N [ -\.l\\\ |
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THOUSAND ACRE FEET

MONTHLY WATER USE,

MILNER LOW LIFT IRRIGATION DISTRICT
13,480 IRRIGATED ACRES

141 OPERATIONAL LOSSES

~ 1530 AF
13- TOTAL INFLOW 3%

56,570 AF -
4,20 AF/A
12
SEEPAGE LOSSES
I \\ 8540 AF
15%
10
RUNOFF LOSSES
O 4380 AF
8%
8 b
T DEEP PERCOLATION
24,220 AF
6 |- 42 %
5 =
4 s
3| A |
/|RRIGATION REQUIREMENT
2 ~ 17,900 AF - - \
32% ~0
I S
S R N R ]

MAY JUNE JULY AUG. SEPT. OCT.
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MONTHLY WATER USE, THOUSAND ACRE FEET

5

()]
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»
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N
o
=

NORTHSIDE CANAL COMPANY
149,340 IRRIGATED ACRES

A

TOTAL INFLOW N
794930 AF - /0T
832AF/A -1

'SEEPAGE LOSSES
D 286,000 AF <
36 % ~

DEEP PERCOLATION
180,410 AF
5 23 %

N
N
\
\

IRRIGATION REQUIREMENTS

~. 300,440 AF =~
S~
: o \\

o N \L\

I \.l — — A — -

\ - OPERATIONAL LOSSES
2810 AF
04%

RUNOFF LOSSES

X - 235,260 AF
3%

\\\

MAY JUNE JULY AUG. SEPT. OCT.
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MONTHLY WATER USE, THOUSAND ACRE FEET

WOOD RIVER VALLEY IRRIGATION DIST.
4850 IRRIGATED ACRES
18-
16 SEEPAGE LOSSES
TOTAL INFLOW [~ - 1,060 AF
46550 AF . [~} 24 %
960 AF/A ™4
14
12+
10~
8 -
6
DEEP PERCOLATION
25,810 AF
4l 55%
2r i P
RRIGATION REQUIREMEN \
" 9680 AF  21% . - -
S
o \\\\\ 1\.. - S e, S
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THOUSAND ACRE FEET

MONTHLY WATER USE,

O N » 0o o

N N

N
N b

o

SALMON RIVER CANAL CO. LTD.
19,770 IRRIGATED ACRES

A

.

B TOTAL INFLOW
75.960 AF | 2
3.84 AFA \ N

-J/DEEP PERCOLATION .
B 3 20,990 AF
. > 27T %

N

~

~ "~ \ "“
mmemou "REQUIREMENT -
ONONC27.010 AF SN S
SN e

.

///f/f

\.-""'\..“}‘\‘_ ~ = I ~ xl . o l ~ \ I 1
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THOUSAND ACRE FEET

MONTHLY . WATER USE,

P
O

L

o
o

W

o

)V

o

»

CEDAR MESA RESERVOIR & CANAL CO.
4030 IRRIGATED ACRES

TOTAL INFLOW
17,050 AF
— 4.23 AF/A
— DEEP PERCOLATION
4890 AF
29 %

'_
— \ IRRIGATION REQG.IRE&ENTS _

NS890 A S NS

S 40% S
l_ ; -~

~ _L_ "\ \I \.'\l\\
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BELL RAPIDS MUTUAL IRRIGATION CO.

25,520 IRRIGATED ACRES
- 16
bid TOTAL INFLOW ]
LR S AP
W 14 2
2

DEEP PERCOLATION
(o) |2_ 24,640 AF
= 37 %
g
€
€ 10}
-
]
: .8_
T
g o
S
; al ~ =
IRRIGATION” REQUIREMENT
- 36,840 AF .~ -
Z 55% . : E
@)
s 2f -
0o 1‘,\1-\\1\"“\1‘_\\‘[;\.}\"
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MONTHLY WATER USE, THOUSAND ACRE FEET
H o)) @

N

(@

KING HILL IRRIGATION DISTRICT
11,000 IRRIGATED ACRES

TOTAL INFLOW
1,900 AF
10.17 AF/A

S

\ n ol -'\ .
i IRRIGATION REQUIREMENT .
™ 27,400 AF 5 -
24 % % =
\ - e 3
i i \L ™ iy T\ L N o e TS

MAY JUNE JULY AUG. SEPT. OCT.
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THOUSAND ACRE FEET

MONTHLY WATER USE,

SETTLERS IRRIGATION DISTRICT
9440 IRRIGATED ACRES

TOTAL INFLOW
47,060 AF —

4.98 AF/A _ N\ _OPERATIONAL

DEEP PERCOLATION
13,700 AF"

6
5 —
4 |
3 e - v - ~ S ~ - ~
~_ T IRRIGATION REQUIREMENT
: « 22,090 AF _ ~_ ~
oL 47 % e
\ .‘\
™~ “w
iE =
Mg
~
e ~ % - | Y ~ | o .\ ~ 1 b, 43 >~ |

MAY JUNE JULY AUG. SEPT OCT.

262




MONTHLY WATER USE, THOUSAND ACRE FEET

SOUTH BOARD OF CONTROL, OWYHEE
PROJECT — 38,030 IRRIGATED ACRES

44
TOTAL INFLOW-
244,200 AF
40 642AF/A
26| - 47,900 AF
19 S
32| J :
\ _/RUNOFF LOSSES \"~
e 35,900 AF
28— =
24
DEEP PERCOLATION
- 50.600 AF
20 21 %
16
12 X lnmemon REQUIREMENT _
: 73 200 AF. -~
2% - ;
8 L= -
‘\
4 -
o ] \. - I > I\ . \l = L_i:. N . l_‘L -~
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THOUSAND ACRE FEET

MONTHLY WATER USE,

LITTLE WILLOW
2370 IRRIGATED ACRES

TOTAL INFLOW
8960 AF

- o ~

I . — 'hl -

3.78 AF/A

~

_—

2500 AF

28%

. 5280 AF _
59%

Nl LS

S S

DEEP PERCOLATION

IRRIGATION REQUIREMENT N

[\

IRRIGATION DISTRICT

N\

OPERATIONAL
LOSSES
1170 AF

I3 %

RN

> O ]

MAY JUNE JULY AUG. SEP'[ OCT.
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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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..............................
..............................
..............................
..............................
..............................
..............................
..............................
..............................
..............................
..............................
..............................
..............................
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..............................
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PERCENT

MONTHLY EFFICIENCIES,

ENTERPRISE IRRIGATION DISTRICT
100+
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MONTHLY EFFICIENCIES, PERCENT
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PERCENT

MONTHLY EFFICIENCIES,
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PERCENT

MONTHLY EFFICIENCIES,
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MONTHLY . EFFICIENCIES, PERCENT
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BURLEY IRRIGATION DISTRICT
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PERCENT

MONTHLY EFFICIENCIES,

A & B IRRIGATION DISTRICT
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PERCENT

MONTHLY EFFICIENCIES,
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MONTHLY EFFICIENCIES, PERCENT

NORTHSIDE CANAL COMPANY
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EFFICIENCY
64%
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38%

] | ] | ] |

MAY JUNE JULY AUG. SEPT OCT.

274




EFFICIENCIES, PERCENT
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WOOD RIVER VALLEY
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EFFICIENCIES, PERCENT

MONTHLY

100~

SALMON RIVER CANAL CO. LTD.

\ ¥ PROJECT CONVEYANCE

( EFFICIENCY

63%

PROJECT APPLICATION
~  EFFICIENCY
A~ 56 %

7

_PROJECT IRRIGATION
EFFICIENCY
36%
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PERCENT

MONTHLY EFFICIENCIES,

CEDAR MESA RESERVOIR
& CANAL CO.
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MONTHLY EFFICIENCIES,

BELL RAPIDS MUTUAL IRRIGATION CO.
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PERCENT

MONTHLY EFFICIENCIES ,
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SETTLERS

PROJECT IRRIGATION
L EFFICIENCY

\4/
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PERCENT

MONTHLY EFFICIENCIES,

SOUTH BOARD OF CONTROL,

60-

?

H
?

W
O
I

10

-~ EFFICIENCY
=t a7 %

PROJECT IRRIGATION
EFFICIENCY
32%

| I | | |

PROJECT APPLICATION

|

MAY JUNE JULY AUG. SEPT. OCT.

281




MONTHLY EFFICIENCIES, PERCENT

LITTLE WILLOW IRRIGATION DISTRICT
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APPENDIX G

Project Parameters, Costs, and Water Use

Variables Used in Statistical Analysis

1977 Irrigated area, acres
Project distribution system length, miles
Water users > 20 acres
System turnouts
Irrigated acres/mile of system

1977 Inflow, af

1977 Canal seepage, af

1977 Operational losses, af

1977 Farm deliveries, af

1977 Effective precipitation, af

1977 Farm runoff in return flow, af

1977 Farm deep percolation, af

1977 Evapotranspiration, af

1977 Irrigation requirement, af

1977 Project return flow, af

1977 Groundwater pumped, af

1977 Inflow, af/A

1977 Canal seepage, af/A

1977 Operational losses, af/A

1977 Farm deliveries, af/A

1977 Effective precipitation, af/A

1977 Farm runoff in return flow, af/A
1977 Deep percolation, af/A

1977 Evapotranspiration, af/A

1977 Irrigation requirement, af/A

1977 Return flow, af/A

1977 Groundwater pumped, af/A

1977 Canal seepage, % inflow

1977 Operational losses, % inflow

1977 Farm deliveries, % inflow

1977 Effective precipitation, % inflow
1977 Farm runoff, % inflow

1977 Deep percolation, % inflow

1977 Evapotranspiration, % inflow

1977 Irrigation requirement, % inflow
1977 Return flow, % inflow

1977 Groundwater pumped, % inflow

1977 Effective precipitation % inflow farm deliveries
1977 Farm runoff, % farm deliveries

1977 Deep percolation, % farm deliveries
1977 Evapotranspiration, % farm deliveries
1977 Irrigation requirement, % farm deliveries
1977 Return flow, % farm deliveries

1977 Project conveyance efficiency, %
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1977
1977
1977
1977

1971
1977

Total

1977
1977

Total

1977
1977

Total
Total

1977
1977

Total
Total

1977
1977

Total
Total

1977
1977

Total
Total

Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project

application efficiency, %
irrigation efficiency, %
0 & M assessment, $

0 & M assessment, $/irrigated acre
administration costs
water control costs, $
maintenance costs, $
power costs, $

reservoir 0 & M costs, $
0 &§ M costs, $

costs, $

System costs, $

Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project
Project

administration costs, % system costs
water control costs, % system costs
maintenance costs, % system costs
power costs, % system costs
reservoir 0 & M costs, % system costs
0 &§ M costs, % total system costs
costs, % total system costs
administrative costs, %2 0 & M costs
water control costs, Z 0 & M costs
maintenance costs, % 0 & M costs
administrative costs, $/acre

water control costs, $/acre
maintenance costs, $/acre

power costs, $/acre

reservoir costs, $/acre

0 & M costs, $/acre

costs, $/acre

System costs, $/acre

Project
Project
Project
Project
Project
Project
Project

administration costs, $/mile
water control costs, $/mile
maintenance costs, $/mile
power costs, $/mile
reservoir costs, $/mile

0 & M costs, $/mile

costs, $/mile

system costs, $/mile

Project
Project
Project
Project
Project
Project
Project

administrative costs, $/user
water control costs $/user
maintenance costs, $/user
power costs, $/user
reservoir costs, $/user

0 & M costs, $/user

costs, $/user

System costs, $/user

Project
Project
Project
Project
Project
Project
Project

admistration costs, $/acrefoot
water control costs, $/af
maintenance costs, $/af

power costs, $/af

reservoir costs, $/af

0 & M costs $/af

costs, $/af

System costs, $/af
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99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

Total

Total
Total

1977
1977
1977

1977
1977

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 costs, % 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 deprecéation, S/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.0./dr
Daily distance driven by ditchrider, miles/day

Percent
Percent
Percent
Percent
Percent
Percent
Percent

of
of
of
of
of
of
of

system-open-channel, %

system-1ined-open channel

system-pipe, %

system-1ined channel+Pipe, %

water delivered at high pressure, %

high pressure water pressurized by project system %
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
project farm size, acres

terrain code

soil type code

soil depth, inches

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 origin (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 inftow"
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.

Average
Average
Average
Average
Average
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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

287



APPENDIX H

UNITED STATES BUREAU OF RECLAMATION

IRRIGATION OPERATION AND MAINTENANCE COST iNDEX]

1956 = 1.00
Year I ndex
1956 1.00
1957 1.00
1958 1.04
1959 1.07
1960 1.09
1961 1.10
1962 1.12
1963 1=
1964 1.14
1965 1.15
1966 1.18
1967 1..22
1968 V2]
1969 1.30
1970 1.38
1971 1.43
1972 1.49
1973 1.55
1974 1.63
1975 1.75
1976 1.92
1977 2.09

Corresponding index numbers with a base year other than 1956 may be
obtained by use of a simple ratio. For example, new index numbers with
a base 1967 = 1.00 may be obtained by multiplying the index numbers
listed above by the ratio |

1.22

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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