
*

Research Technical Completion Report
Project B-039-IDA

RELATIONSHIP OF COSTS AND WATER USE EFFICIENCY

FOR IRRIGATION PROJECTS IN IDAHO

bv

R. G. Allen and C. E. Brockway

College of Engineering
College of Agriculture

Submitted to

m
Office of Water Research and Technology
United States Department of the Interior

Washington, D.C. 20242

The project was supported primarily with funds provided by the Office
of Water Research and Technology as authorized under the Water Resources
Research Act of 1964, as amended.

Idaho Water Resources Research Institute
University of Idaho

Moscow, Idaho

August, 1979

9.s*



»



ACKNOWLEDGEMENTS

This study was funded in part by the Office of Water Resources

and Technology of the United States Department of the Interior and in

part by the University of Idaho. Results of this study would not have

been possible without the excellent assistance and cooperation from

personnel of the seventeen Idaho irrigation projects contacted by

University researchers. Project managers, office personnel and

watermasters devoted many hours providing information and tours to

interviewers. Their contribution was invaluable. Information provided

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

contributed to accuracy of study data, as did climatological information

provided by the National Weather Service, Kimberly, Idaho.

Successful completion of this study would not have been possible

without the efforts of Mr. Ken C. Roberge, who was responsible for much

of the contact with irrigation project personnel, cost data acquisition,

water measurement, and implementation of study plans. Professor C. C.

Warnick of the Idaho Water Resources Research Institute, University of

Idaho was instrumental in the direction of this research.

Efforts in support of this project by the staff at the Snake River

Conservation Research Center of the USDA Science and Education Administration,

Kimberly, Idaho are greatly appreciated.

n





TABLE OF CONTENTS

Page

ACKNOWLEDGMENTS n

LIST OF TABLES vii

LIST OF FIGURES ix

ABSTRACT i

CONCLUSIONS AND RECOMMENDATIONS x

Chapter

I. INTRODUCTION 1

Previous studies 2
Study objectives 5

IRRIGATION PROJECT CHARACTERISTICS 8
Q

Physical description

o

Distribution systems °

Project farm systems H

System operation
Organization of project water users
Operation and maintenance services

13

14

16

Personnel 17

Equipment 18
Materials 18

PROJECT AND SYSTEM ANALYSIS TECHNIQUES 20

Data collection 20
1977 water use analysis 20

Evapotranspirat ion 21
Precipitation 25
Changes in soil moisture 25
Irrigation requirement 28
Distribution system seepage losses .... 28
Project return flow 31
Deep percolation 33

Water-use measurement 34
Water-use efficiencies • 35
System characteristics and physical parameters. . 37

iii



TABLE OF CONTENTS (continued)

Page

Project size 37
Farm and terrain information 38
Distribution system information .... 39

Project costs and personnel requirements ... 40

Operation and maintenance costs .... 41
Administration costs 41
1977 power costs 43
Reservoir 0 & M 43
Vehicle and equipment costs 44
Maintenance materials 42
Personnel costs 45
Labor requirements 46
Gross crop value 47
Total system costs 47

IV. ANALYSES OF IDAHO IRRIGATION PROJECTS

Regional description ....

49

49

Geography
Physiography 7X
Soils

Climate

Crops
CO

Farm development DL
53

50

51

51

Project descriptions

Enterprise Irrigation District
Parks and Lewisville Irrigation Company, Inc.
Osgood Canal Company ,
Idaho Irrigation District
Danskin Ditch Company
Burley Irrigation District
A & B Irrigation District
Milner Low Lift Irrigation District
North Side Canal Company, Ltd
Wood River Valley Irrigation District
Salmon River Canal Company, Ltd
Cedar Mesa Reservoir and Canal Company
Bell Rapids Mutual Irrigation Company

54

55

56

57

59

60

61

62

64

65

66

68

69

King Hill Irrigation District '*
Settlers Irrigation District '*
South Board of Control, Owyhee Project . . '*
Little Willow Irrigation District 78

79



mm—mam

TABLE OF CONTENTS (continued)

Chapter

V. PROJECT PARAMETERS, WATER USAGE, AND 0 & M COSTS .

Project Parmeters

Page

81

81

Project distribution systems 83
Project farms and soils 86
Ditchrider and turnout information .... g6
Project water rights and reservoir system . gy
Electrical power consumption gg

Seasonal water use 91

Project inflow 93
Conveyance system performances 93
On-farm application of project water ... ^
Project irrigation efficiencies gj

Annual project costs ... gg

0 & M costs of systems gg
Personnel costs and labor requirements . . -^00
Project material and equipment costs . . . ^

VI. PROJECT WATER USE AND COST RELATIONSHIPS n3

Correlation analysis ^3

Water use efficiencies ^4
Project water use 216
Total system and 0 & M costs ^17
0 & M cost breakdown 120
Power costs and consumption ...... -^4
Project water availability 127

Regression analysis 130

Total 0 & M cost equations ^l
Total system cost equation j^j
Equations describing project efficiencies. . ^44
Equations describing system water losses . . -^g
Discussion of regression results .... -^

REFERENCES 154

Appendix A. Location maps of cooperating irrigation
districts 157

Appendix B. 0 & M costs and physical characteristics
of cooperating irrigation projects .... ^g



TABLE OF CONTENTS (continued)
Page

APPENDIX C. 1977 evapotranspiration and crop information
for cooperating irrigation projects .... 211

APPENDIX D. Monthly water use and efficiencies of
cooperating irrigation projects during

1977 229

APPENDIX E. Graphs of seasonal water use for cooperating
irrigation projects during 1977 247

APPENDIX F. Graphs of applciation, conveyance and
irrigation efficiencies of cooperating
irrigation projects during 1977 265

APPENDIX G. Project parameters, costs, and water use
variables used in statistical analysis . . . 283

APPENDIX H. United States Bureau of Reclamation

Irrigation operation and maintenance
cost index 288

VI



i

Table

1.

2.

3.

k.

5.

6.

7-

8.

9-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LIST OF TABLES

Collection sites for meterological data used in
evapotranspiration estimation, 1977

Estimated soil moisture depletion for southern
Idaho irrigated soils, 1976 - 1977

Relationship between channel wetted perimeters and
measured top widths

Vehicle and equipment estimated service lives and
salvage value

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

Irrigation project physical characteristics . .

Irrigation project distribution systems . . .

Irrigation project farm and soils information

Ditchrider and turnout information

Project water rights and reservoir storage . .

1977 electrical power consumption

1977 seasonal project water use ......

Annual irrigation project costs

Annual irrigation projects costs per acre . . .

Annual irrigation project costs per system mile .

Annual irrigation project costs per system user .

Annual irrigation project costs, percent of total

Irrigation project personnel costs and labor
requirements

Irrigation project personnel costs and labor
requirements per acre

Irrigation project personnel costs and labor
requirements per system mile

Irrigation project personnel costs and labor
requirements per system user

Vll

Page

24

27

31

44

54

82

84

85

88

90

92

93

99

101

102

103

104

106

107

108

109



LIST OF TABLES (Continued)

Table Page

22. Irrigation project personnel costs and labor require
ments, percent of total ,,~

23. Annual project material and equipment costs ... 11?

2k. Relationships between 1977 water use efficiencies
and system characteristics for selected Idaho
projects 115

25- Relationships between 1977 water use and system
characteristics for selected Idaho potatoes . . . 117

26. Relationships between total 0 & M and system costs
and system characteristics for selected Idaho
projects

27. Relationships between 0 & M cost categories and
system characteristics for selected Idaho projects

28. Relationships between various system costs and
system characteristics for selected Idaho projects

29. Relationships between power use and system capacities
and system characteristics for selected Idaho
projects

30. Relationships between ratio of irrigated acreage to
assessed acreage and system costs and characteristics
for selected Idaho projects

vm

119

122

123

125

129



LIST OF FIGURES

Page
Figure

1. Locations of cooperating irrigation projects and
Snake River system in southern Idaho 7

2 Locations of weather data collection sites which
supplied data for evapotranspiration calculations . . 23

3, Relationships between irrigation project annual
cost categories

I*. Comparison of observed 0& M costs and 0 & M costs
calculated using a two-variable regression model
and personnel costs for seventeen Idaho irrigation
projects

5 Comparison of observed 0 & M costs and 0 & M costs
calculated using a two-variable regress.on model and
personnel requirements for seventeen Idaho irr.gat ion
projects

6. Comparison of observed 0&M costs and OS M costs
calculated using a four-variable regress.on model for
seventeen Idaho irrigation projects

7 Comparison of observed 0&M costs and 0 & M costs
calculated using a five-variable regression model for
seventeen Idaho irrigation projects

8. Comparison of observed total system costs and total
system costs calculated using a three-variable regress.on
model for seventeen Idaho irrigation projects . . .

9 Comparison of observed project irrigation efficiencies
and project irrigation efficiencies calculated using a
five-variable regression model for seventeen Idaho
irrigation projects 246

10 Comparison of observed project conveyance efficiencies
and project conveyance efficiencies calculated using a
three-variable regression model for seventeen Idaho
irrigation projects 248

11 Comparison of observed project application efficiencies
and project application efficiencies calculated us.ng a
four-variable regression model for seventeen Idaho
irrigation projects 250

12 Comparison of observed project return flow percentages
and project return flow percentages calculated using a
four-variable regression model for seventeen Idaho
irrigation projects 152

48

133

136

139

142

143

IX





CONCLUSIONS AND RECOMMENDATIONS

This research project was initiated to assimilate and analyze

characteristics and operating costs for irrigation water delivery organi

zations in Idaho. Specific research objectives were:

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

projects diverting water from the Snake River and its tributaries.

2. To obtain measurements of irrigation 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

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

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

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

5 of Chapter IV.

Project water usage was evaluated for the 1977 season only.



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. All water

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

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

system characteristics have been presented in tabular 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

xi



researchers to estimate various 0 & M costs of irrigation projects in

Idaho and to study relationships between various system characteristics.

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

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

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

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

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

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

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

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

600 feet.

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

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

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

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

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

efficiencies in 1977 ranged from 12 to over 59 percent.

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

covered in this report is only approximate. Each irrigation project

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

assumptions in grouping of costs and delineation of cost categories were

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

required some estimating to be made for some projects, particularly

for farm deliveries, operational spills, canal seepage and deep 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 Eof this report, deep percolation of water from project

farms and operational losses of water from project conveyance systems

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

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

water losses could be effected mainly by increases in manpower within

the water delivery organization and on project farms. Deep percolation

losses could be decreased and project application efficiencies could be

increased by increased monitoring of soil moisture levels and crop water

requirements and use of irrigation scheduling services. Because most

deep percolation was apparantly caused by overapplication of water rather

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

of water applied per irrigation and frequencies of irrigation could be

decreased with relatively small increases in total per acre operating

costs. Project conveyance efficiencies of most projects can be increased

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

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

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

increases would depend on existing water measurement practices and numbers

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

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

decrease those water losses,

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

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

cost increases would result from changes in 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

irrigation is a major area of interest of the Institute.

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

recreational, and hydroelectrical activities is focusing increased interest

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

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

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

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

power generation.

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

vidual users by irrigation water delivery organizations know as irrigation

districts or irrigation companies. These irrigation water delivery organi

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

transpiration and evaporation requirements of actively growing crops and

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

or individuals is used for crop evapotranspiration. Seepage from permeable

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

consumptively by phreatophytes. Lack of precise measurement or control of

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

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



percolate into local or regional groundwater systems or may leave project

farms as return flow.

All delivery organizations incur costs associated with supplying

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

schedules and problems, water control and measurement techniques and

attentiveness, topographical constraints, means of water diversion,

pumping costs, system design, construction repayment and personnel

requirements. Evaluation of project operating costs, organization per

sonnel, system characteristics and water usage can provide 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.

CIaiborn (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



of irrigation systems in southern and eastern Idaho. River diversion

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

flow data were compiled. Deep percolation losses and irrigation efficiencies

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

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

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

attainable farm efficiencies of 60 percent, CIaiborn projected attainable

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

efficiencies recorded by CIaiborn were attributed to over-irrigation caused

by long field runs combined with high intake soils. CIaiborn 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 circumstances. Thus, IDWR theorized that water organization

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

Often a substantial problem in increasing water use efficiencies was the

inability of organization personnel and water users to identify and assess

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

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

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

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

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

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

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

These conflicting points of view imply that a broad approach encompassing

multiple objectives is necessary in developing a program to promote

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

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

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

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

However, Hammond did conclude that water delivery organizations can prove

water-use efficiencies through more intensive management practices and

technology, and by adopting operating policies which encourage efficient

use of water by member farmers.

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

tors perceive system improvements such as concrete lining of ditches and

conversion to sprinkler irrigation as the best means of improving operating

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

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

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

1976).

In a study by the Interagency Task Force on Irrigation Efficiencies

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

Recommendations were developed regarding appropriate Federal objectives,

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

systems, and farming practices were reviewed and recommendations regarding

implementation were established.

Study Objectives

This study was initiated to provide information concerning re

lationships between operation and maintenance costs, personnel require

ments and water usage for irrigation water delivery organizations in southern

Idaho. Water usage and efficiencies of seventeen 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 Hill 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.
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CHAPTER II

IRRIGATION 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 lying further from water sources. Technological

advances in hydraulic and irrigation engineering were used in designing

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

lower and conveyance efficiencies are generally higher than those of

earlier systems.

Successful development of electric and engine-driven pumps, deepwell

drilling equipment, submersible centrifugal and turbine pumps has in recent

years allowed increased access to supplies of surface and groundwater for

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

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

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

developments where water is lifted considerable heights from groundwater and

surface water sources.

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

was entirely dependent upon heavy spring runoff and sustained summer river

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

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

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

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

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

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

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

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

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

gation storage systems constructed along other Snake River tributaries



f

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 lined short sections of canal in areas of highly

permeable soils or rock outcroppings to decrease seepage losses. Many

projects have also integrated concrete diversion and control structures

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

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

however, unlined channels 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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regulate system maintenance to lateral associations comprised of water

users. Projects with extensive delivery systems and those which require

relifting or pressurization of diverted 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

11



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. Avariation

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

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

labor requirement for furrow irrigation is greater than for most other

methods of surface irrigation. Considerable experience is needed to divide

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

flow rates which adequately irrigate the field while keeping runoff

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

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

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

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

soils, although properly designed and operated systems can be applied

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

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

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

Sprinkler irrigation usually functions well over high infiltration rate

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

previously surface-irrigated fields by significant amounts. Sprinklers

have also allowed irrigated development in areas of steep, undulating

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

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

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

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

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

uniformities can result in high water use efficiencies. However, labor

12



requirements of the non-automated systems can be high, and energy re

quired to furnish high pressured water to operated sprinkler systems

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

may significantly reduce these costs and requirements.

System Operation

A majority of irrigation organizations in Idaho deliver water

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

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

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

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

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

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

result in water spillage while changes in irrigation sets are made

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

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

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

itself to simplified operation of the water delivery system and most

often insures all users of adequate delivery rates.

A few older systems in eastern Idaho operate under the 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

13



water use.

In systems where portions of adelivery organization's maintenance

and water control duties are relegated to lateral associations, users

along each lateral may share the water on arotation 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 of Project Mater 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



legislative authority through public agencies with the consent of aspecified

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

All water delivery organizations require some form of management to

insure proper regulation of water delivery, system maintenance, and

financial affairs. This regulation most often entails the employment

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

functions, water control personnel to oversee conveyance and delivery

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

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

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

various work functions. Larger irrigation projects or more elaborate

systems involving pumping plants or long supply networks may employ

numerous people to perform one task of system operation.

The board of directors along with office staff and manager comprise

the administrative section of the irrigation water delivery organization.

Project managers supervise all system operations and project business

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

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

project activities and resolving problems in system operation.

A board of directors sets company 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

irrigation organizations may rely on hiring outside labor and equipment

for maintenance programs. Often, ditchriders furnish privately-owned

vehicles for transportation and are reimbursed for mileage.

Age of equipment varies among irrigation projects. Some vehicle

and equipment fleets are regularly replaced with modern components,

while some organizations operate equipment purchased 50 years ago.

Irrigation organizations which pump significant amounts of water often

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

Materials

Large irrigation water delivery organizations undertake much of the

construction and replacement of component parts of the project using

18



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 HI

Project and System Analysis Techniques

Various methods of collecting and analyzing project data were used
t0 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 acommon format for accurate
compari son of proj ect character!sti cs and functi ons.

Data Collectioii

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. Ageneral information file was completed
for each project with assistance from project employees and personnel from
the Idaho Department of Water Resources and the United States Bureau of
Reclamation. Information in each file included financial records, equipment

lists, personnel salaries and work schedules, crop acreages and distributions,
system parameters, and material and power uses. Cost information was

collected for calendar years 1974 - 1976.

1977 Water Use Analysis

Evaluation of usage of water diverted by irrigation projects

requires measurement, estimation, or computation of 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* = -A- (Rn -G) +-rj- 7.44 (0.75 + 0.9923 u) ( e° -e ) (1)
A+Y A+Y Z Z

where:

o

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

Rn = net radiation (estimated from solar radiation), watts/m

G = soil heat flux, watts/m

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 (ET ) 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 ET 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.
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WILDER REXBURG*

HAILEY

RUPERT

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 distribution data

and 1977 irrigated acreages were obtained from project personnel and the

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

Precipitation

Monthly precipitation amounts for the 1977 irrigation season were

obtained from the United States Weather Service Organization at Kimberly,

Idaho for weather stations 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 flay 1st, as it was not used to fulfill

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

during late season months was recorded only for cropped areas which

had not been harvested previous to the date of precipitation.

Changes in Soil Moisture

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

to support corp evapotranspiration and must be replenished by irrigation.

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

will fluctuate between field capacity and field capacity less evapotran

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

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

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

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

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

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

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

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

abnormally low amounts of precipitation across the southern portion of

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

irrigation projects evaluated. An estimate of antecedent soil moisture

conditions was determined using lysimeter and soil moisture data recorded

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

This data indicated that fall and winter precipitation amounts were

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

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

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

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

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

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

CROP %Depletion %Depletion Previous

of «available of available Crop
moisture moisture

Oct . 31, 1976, 1977 April 1, 1977

Alfalfa 40 50 Alfalfa, Peas, Grain
Beans (Dry) 50 55 Beans, Beets, Potatoes. Grain

Corn 60 40 Com, 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 = ET - P + AS (2)
iK t!c e m

where: IR = Total monthly project irrigation requirement,
acre-feet per month

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

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

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

AS is positive if the soil moisture reservoir of cropped lands is replenished
m

by irrigation and acquires anegative 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 SjrStem__Se^p^g^J:o^ses
Accurate measurement of canal seepage losses for an entire irrigation

distribution system is often adifficult 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 CIaiborn

(1974). This procedure was modified for this study by including a time-

rate function:of.seepage in the estimation equation. This modified

equation is of the form:

S=0-5Smax d+'d ~q""-")*2.5T-°-25 (3)
max qmax - qmin

where: S = estimated daily seepage rate, acre-feet/day

S = maximum (potential) system seepage rate, acre-
max feet/day computed using measured wetted canal

areas and a seepage coefficient

q. = mean system diversion for period evaluated, cfs

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

q . = diversion rate, cfs, below which seepage rate
remains steady at 0.5 Sm . In this study a. = 0.2qm,v

max mm max

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

than q .At rates lower than qmin, the (1 ♦%■ :"d. )term should be
u Mmax min Mmax Mmm

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

of the system diversion rate. Variable Tshould be limited to periods
greater than 40 days, to insure that the 2.5 T"0'25 term is less than 1.
This time term compensates for reductions in irrigation canal seepage

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

particles and decreases in water entering bank storage along the canal

system.

Equation 3was calibrated for use wi/th 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 Tequal to the average time since filling for

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

for qd in Equation 3. The qmax term was used to represent the mean diversion
rate for the month during which the maximum monthly volume of water was

diverted into the system.

The S variable in Equation 3 was calculated by multiplying the
max

maximum potential seepage rate coefficient of the canal system, cubic feet

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

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

feet. Seepage rate coefficients for general soil types are discussed

by Claiborn (1974). Acomposite coefficient for projects encompassing

multiple soil types can be calculated as aweighted average based on

wetted canal areas lying within each soil type. Seepage coefficients
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used in this study for general soil types ranged from 0.35ft3/ft2/day for

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

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

estimated by averaging between those coefficients listed.

Total wetted canal area of irrigation projects was measured from

aerial photos supplied by the Agricultural Stabilization and Conservation

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

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

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

to verify photo measurements and calibration. Actual wetted perimeters of

canal sections were computed by multiplying measured top widths by a

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

are listed in Table 3.

Taole 3. Relationship Between Channel Wetted Perimeters and Measured
Top Widths. ,

Average Channel Top Width Wetted Perimeter
(feet) Coefficient

0 - 12.5 1.30

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 lack of measurement has necessitated the use of various

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

Claiborn (1974) derived coefficients describing biweekly return

flows in relation to system diversions for six irrigation projects also

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

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

uanskin Ditch Company, and the North Side Canal Company projects during
the 1977 irrigation season. Estimates of North Side return flows were

also adjusted using measurements of various return flow sites taken

during 1977.

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

of A&BIrrigation 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.

Acoefficient of return flow was calculated for Parks and Lewisville

irrigation Company using water use information reported by Brockway and
deSonneville (1973) for the 1972 irrigation season. This CRF was used
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to estimate return flows during 1977. Simularly, monthly 1977 return

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

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

Return flow from the Osgood Canal Company system is 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 W

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 - OL (5)

where: TI = total project inflow, acre-feet/month

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

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

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

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

surface water originating from springs.

Water-Use Measurement

Most surface water diverted by irrigation projects in Idaho is

measured by personnel of the United States Geological Survey and reported

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

which pump surface water or projects located on small tributaries often

rely upon pump operators or ditchriders to measure or estimate surface

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

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

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

estimated pump efficiencies, using the equation:

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 flow measurements were obtained in the same way,

or by using estimation procedures outlined in previous sections of this

chapter.

Water-Use Efficiencies

The performance of an irrigation system or activity is often rated

using terms developed to indicate relative efficiencies with which

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

System efficiency is often an indication of the adequacy of irrigation

system design and management and can be used to describe irrigation

operations ranging from individual fields to large river basins. Irri

gation efficiency does not necessarily indicate the absolute use
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or conservation of water. Water "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 losses from an open

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

In equation form, project conveyance efficiency is defined as:

E -a (100) (7)
c ii

where: E = 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:

Ea =Ig- (100) (8)
where: E = project application efficiency, percent

a

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:

E, =§ (100) (9)
where: Ej = 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.

Ec EaProject irrigation efficiency can also be computed as Ej = (tqq) (t§q) 000)

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 land operated by single farm operators or water users.

Project farm application systems were classified into two major

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

areas irrigated with sprinkler systems in 1977 were estimated by project

personnel and farm operators.

Distribution System Information

Distribution system type, conveyance channel wetted area, maximum

diversion or carrying capacity, and number of turnouts were recorded

for each project conveyance system. System types were classified as

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

delineated. System turnouts reported in this study are those farm

turnouts operated or maintained by organization personnel. Turnout

structures along user- or association-operated laterals were not

included.

Active irrigation production wells operated by delivery organi

zations were recorded along with pumps operated for surface and ground

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

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

The term ditchrider includes any organization personnel assigned
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to jobs pertaining to control and delivery of water during the irrigation

season. Project watermasters are included as ditchriders, whereas

full time pumping plant operators are not. Estimates of average dally

mileage per ditchrider were obtained from project management.

Projects which have received substantial Federal assistance in

initial system construction or post-construction rehabilitation have

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

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

origin insofar as financial backing is concerned.

Information concerning irrigation company and individually-

owned water rights was obtained from project records and from the

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

project was computed by multiplying company or individual water"right

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

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

cumulative flow rate of the individual rights. The weighted water

right was used as in indicator of project age.

Usable reservoir storage available to irrigation projects evaluated

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

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

privately-owned reservoirs such as Salmon Creek Reservoir. Volumes

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

1, 1977 readings.

Project Costs and Personnel Requirements

Annual costs of operating and maintaining irrigation project

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

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

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

C1977 "(K28 C1974 + 1J9 C1975+ }'°* C1976) ' 3 <10>

Equation 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 irrigation season. Housing through

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

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

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

Maintenance Costs

Maintenance costs are the costs required to keep a project in

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

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

costs associated with the upkeep of the district. Functions included

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

lateral shaping, riprapping, painting, pumping plant maintenance

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

and vehicle and equipment repair. Maintenance does not include complete

structure replacement.

Most irrigation water delivery organizations do not use a standard

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

projects studied often required approximations by project personnel.

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

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

0 & M cost categories.

Estimates of 0 & M costs for lateral associations operating in

Enterprise and Settlers Irrigation Districts and Danskin Ditch

Company project lands were included in cost breakdown and labor

requirement estimates of these projects.

1977 Power Costs

Cost for electrical power used by project pumping stations during

the 1977 irrigation season were obtained from project records and power

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

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

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

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

administrative costs and are not included as 1977 power costs.

Reservoir 0 & M

Reservoir operation and maintenance costs incurred by irrigation

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

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

project reservoir systems managed through the USBR. Because the amount

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

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

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

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

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

Annual depreciation of project owned vehicles and equipment was cal

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

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

equation used to compute a CRC is:

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

Where CRC = annual capital recovery cost, dollars per year

CRF • capital recovery factor

i • annual interest rate on investments.

The capital recovery cost reflects the cost of capital investments in

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

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

rate of return on investments for Idaho irrigation projects.

Average expected service lives for project equipment and estimated

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

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

recovery cost calculations. Miscellaneous equipment listed in Table 4

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

Vehicles and equipment of vintages earlier than estimated service lives

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

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

Cap. Recov
Cateqory Est. Service Life Est. Salvage Value Factor

(Years) (Percent) (1 = 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.

All project personnel costs pertaining to system maintenance such as

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

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

to maintenance personnel costs.

Labor Requirements

Average labor requirements of organizations were measured in terms

of man-years, where 1man/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. Athree-year average man-year value was computed for all projects.

A average project personnel cost was computed by dividing total

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

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

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

Average estimated crop yields of irrigated farm land within each

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

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

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

Appendix B.

Total System Costs

Three total cost definitions were used to describe project organization

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

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

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

fulfilling system operation and maintenance requirements, not including

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

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

1977 cost levels.

Electrical power costs for operation of project pumping plants during

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

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

and electrical power consumed by private pumping units are included in

the administrative cost category.

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

operation costs of an entire irrigation project system, including operation

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

project power use.
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CHAPTER IV

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 si lie volcanic rocks such as rhyolite. Granitic

formations of the Idaho Batholith are found in the mountains forming

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

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

through deep basaltic canyons.

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

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

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

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

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

abundance of water for irrigation by means of groundwater pumping,

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

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

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

River (Brockway et al, 1971).

Soils

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

origin. These loess 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 lacustrine

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

the Boise River Valley.

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

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

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

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

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

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

of high sodium content are rare.

Climate

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

dry summers in the western and central portions and moderately cold

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

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

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

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

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

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

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

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

sufficiently long for cultivation of a wide variety of crops.

Crops

Predominate crops grown in western central Idaho include spring and

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

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

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

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

Some areas with undependable or inadequate irrigation water supplies are

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

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

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

River Canal Company, Hoi lister, Idaho, where grain, dry beans, and

alfalfa are the predominate crops.

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

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

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

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

trends.

Moderate to high yeilds are achieved for most irrigated crops

grown across southern Idaho with variable fluctuations in yields among

individual farms and climatic regions.
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Farm Development

Sizes of irrigated farms vary across southern Idaho. In eastern

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

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

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

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

serviced by small, independent water delivery organizations.

Most land in central southern Idaho was brought under irrigation

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

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

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

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

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

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

organizations in this area are normally somewhat larger than in the

eastern portion of Idaho.

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

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

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

1910 period and receive water by gravity diversion.

Average farm sizes in southern Idaho have increased since 1940

although most remain family operated. Conversion to sprinkler systems

and other modern irrigation practices has brought about changes in

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

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

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

Seventeen independent irrigation projects in Idaho have been

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

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

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

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

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

and irrigation systems vary significantly among the projects studied.

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

along with headquarters locations, origins, and average elevations of

the project lands. Locations and relative boundaries of these projects

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

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

flow gaging stations, and diversion points are included in Appendix

A of this report.

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

Year of Average
Irrigation Project Headquarters Origin Elevation

Enterprise Irr. Dist
Parks & Lewisville Irr. Co, Inc.
Osgood Canal Co. (U & I Sugar)
Idaho Irr. Dist.

Danskin Ditch Co.

Burley Irr. Dist.
A & B Irr. Dists.

Milner Low Lift Irr. Dist.

North Side Canal Co., Ltd.
Wood River Valley Irr. Dist-
Salmon River Canal Co., Ltd
Cedar Mesa Res. & Canal Co.

Bell Rapids Mutual Irr. Co.
King Hill Irr. Dist.
Settlers Irr. Dists.

South Board Control, Owyhee
Little Willow Irr. Dist.

St. Anthony 1905 5070

nc. Rigby 1888 4800

•) Idaho Falls 1962* 4780

Idaho Falls 1905 4680

Blackfoot 1883 4460

Burley 1908 4160

Rupert 1954-1971** 4250
Murtaugh 1916*** 4240

Jerome 1907 3630

Bellevue 1883 5060

Hollister 1908 4500

Castleford 1921 4520
Hagerman 1970-1974 3270

King Hill 1908 2670
Boise 1884 2580

Homedale 1913-1935**** 2400
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.

*** Organized and expanded into an irrigation district in 1952.
**** Gem Irrigation District started in 1913; Owyhee project and diversion

to Ridgeview District begun in 1935.

Descriptive parameters and costs of the irrigation projects evaluated

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

general resume of the irrigation projects is given in the following

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

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

Enterprise Irrigation District

Located in Fremont and Madison counties in eastern Idaho, the

Enterprise Irrigation District is comprised of 63 water users and 5970

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

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

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

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

River north of Newdale through a buried concrete siphon built after

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

in 1976.

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

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

investment and was constructed with horses and scrapers. The Enterprise

District experienced frequent water shortages until the late 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 loam soil are

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

crops grown in 1976 averaged $276 per acre.

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

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

delivered to farms. Total project irrigation efficiency during the

1977 irrigation season was 44 percent. Enterprise water users have

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

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

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

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

for operation and maintenance on user-operated laterals.

Parks and Lewisville Irrigation Company, Inc.

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

Parks and Lewisville Irrigation Company was incorporated in 1888 by

private funding. The entire Parks and Lewisville project is situated

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

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

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

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

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

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

no water control or maintenance equipment. System maintenance is performed

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

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

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

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

in late 1976 for this project was $364per 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 lift Snake River water into

the Osgood canal and pressurize pipelines in 12 locations along the

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

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

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

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

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

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

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

and spring grain being the major crops.

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

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

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

canal company. Operating revenue is generated through sharecropping

agreements with farm operators.

Osgood Canal Company employs 2 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 less than 3 percent. The majority of

farms in the Idaho Irrigation District are privately owned and operated.

Farmland within the Idaho project boundaries has historically been

irrigated by surface methods. However, since 1970, 35 percent of the

project land has been converted to sprinkler systems pressurized by on-

farm pumping units using canal water. This conversion to sprinkler has

taken place largely for more precise control of irrigation water appli

cations on potato crops for increased yields. The major crops grown

in the Idaho Irrigation District are potatoes, spring and winter grain,

and alfalfa hay. Small acreages of corn, pasture, and sugar beets

are also cultivated. The average gross crop value of Idaho District

crops was $302 per acre. This high value is due largely to the price

of potatoes in late 1976 ($2.90/cwt).

Because of the long length of canal system and sandy loam soils,

the Idaho project experiences relatively high volumes of seepage losses

and return flows, resulting in a conveyance efficiency of only 54 percent.

An average of 8.8 acre feet per acre was diverted to the Idaho project
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in 1977 and 4.8 acre feet per acre was delivered to project farms.

The total project irrigation efficiency in 1977 was 17 percent.

System operation and maintenance costs of the Idaho Irrigation

project are quite low. The three year average system 0 & M costs,

computed with 1977 cost indices, averaged $3.77 per acre. The 1977

0 & M assessment by the district was $4.00 per irrigated acre. This

assessment did not include any construction repayment costs.

Danskin Ditch Company

Lying west of the Snake River in Bingham County, farm lands serviced

by the Danskin Ditch Company were among the first lands irrigated in

Idaho. The 20 mile long unlined canal and lateral system was created

with horses and hand shovels. The Danskin system and project lands

are today much the same as when originally settled, although some

subdivision of farms and acreages has occured in recent years, reducing

the irrigated acreage to about 4730 acres in 1977.

Danskin project canal laterals are operated and maintained by in

dividual groups of farmers along each lateral and lateral water is ro

tated among the water users of each group. One ditchrider is employed

by the company to direct water to the laterals. There are approximately

80 water users in the Danskin Canal Company project, and 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 irrigated. Because of the small farm

sizes and loam soils, grass pasture is the major crop, with moderate

amounts of spring and winter grain, alfalfa, and potatoes also grown.

The average gross value of irrigated crops in the project was $189
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per acre in late 1976.

During the 1977 irrigation season, 12.6 acre feet of water per

irrigated acre was diverted by the Danskin Ditch Company from the Snake

River, and about 10.3 acre feet per acre was delivered to project laterals.

An average 19 percent of diverted water was used by project water users

to fulfill crop water requirements during 1977. Annual system 0 & M

costs, including costs to lateral associations, averaged $2.30 per irri

gated acre at 1977 prices. The 0 & M assessment by Danskin Ditch

Company in 1977 was $4.71 per irrigated acre.

Burley Irrigation District

In 1908 lands of the Burley Irrigation District were brought under

irrigation as part of the Minidoka Project of the U.S. Bureau of Reclamation

Located in Cassia County, Burley Project lands receive water lifted

from the South Side Canal, which originates at the Walcott Reservoir

on the Snake River (Figure 1). Three relift pumping stations along the

90 mile main canal are responsible for delivering water to 570 users

and 41,440 irrigated acres situated on terraces above the Snake River.

The total length of the Burley water distribution system, including

laterals, is 267 miles, all of which is unlined open channel.

Fifteen pumps, totalling about 13,000 horsepower, elevate canal

water 30 feet at each lift. The total lifting capacity of the initial

relift station is about 1000 cubic feet per second. All pumps are of

a centrifugal design and are original equipment. All pump maintenance

and repair is performed by Burley project personnel. Power for Burley

is generated by facilities at the Minidoka Dam of Lake Walcott, also a

part of the Minidoka project. Generating facilities at the dam are

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 0 & M costs, averaged for 1974, 1975, and 1976

and adjusted to 1977 prices totalled $13.70 per irrigated acre per year.

The 0 & M assessment of the Burley Irrigation District was $14.23 in

1977.

A & B Irrigation District

Located in Minidoka and Jerome Counties north of the Snake River,

the A & B Irrigation District is one of only a few Federal irrigation

projects which pump a major portion of their water from a system of

deep wells. The A & B Project is comprised of two separate land areas

with differing water sources and distribution systems. The 'A'

portion of the project diverts water from the Snake River above Milner

Dam, lifting water 150 feet into a 64 mile long canal and lateral system to

irrigate 14,570 acres of farm land. The first portion of the A & B
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District to be constructed, Unit A began operation in 1954.

Using turbine pumps to lift water 200 feet from wells drilled into

the Snake Plain Aquifer, the U.S. Bureau of Reclamation began irrigating

sections of Unit 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 lift water from the Snake River

in Unit A and from 177 deep irrigation wells in Unit B. Forty-four

full-time employees operate project equipment, including eleven ditchrider-

pump operators and two watermasters.

Farms in the A & B Irrigation District average 149 acres in size

and are about 90 percent surface irrigated with the balance irrigated

with sprinklers. The terrain of the project is mostly rolling with slopes

averaging greater than 3 percent. Soils of the area are loams and silt

loams greater than 60 inches deep. Crops grown on A & B project lands

include spring grain, alfalfa, sugar beets, dry beans, potatoes, and

winter grain. The gross value of these crops averaged $259 per acre

in late 1976.

The A & B project is unique among most projects evaluated in that an

additional water charge is assessed against users demanding annual

farm deliveries in excess of 3 acre feet per acre. This charge by the

district managment is felt to deter wasteful use of pumped water. An

average of 3.8 acre feet of water per irrigated acre was diverted by

Units A and B during the 1977 irrigation season and farm deliveries
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averaged 3.4 acre feet per acre, indicating a project conveyance effi

ciency of 90 percent. Total project irrigation efficiency during 1977

averaged 41 percent. With the aid of low cost Federal power, A & B has

been able to hold down total system 0 & M costs to a three year average

of $16.33 per irrigated acre in 1977. The 0 & M assessment by the

district in 1977 averaged $14.50 per irrigated acre. All routine system

and pump maintenance is performed by project personnel.

Milner Low Lift Irrigation District

Originated in 1916 and incorporated into an irrigation district in

1952, the Milner Low Lift project lifts water from Lake Milner on the

Snake River to irrigate 13,480 acres of farm land. The 50 mile long

unline canal system is located in Cassia and Twin Falls Counties south

of the Snake River and supplies water to 85 farm operators. Fifty

pumps with a total of 5510 horsepower are located at Milner Lake and at

one relift point along the main canal system. Power for pumping is

supplied through the Bonneville Power Administration. A small irri

gation well is occasionally used to supplement canal flows near the system

end. Two ditchriders are employed by the district to measure and

deliver canal water.

The terrain of the Milner Low Lift District is of a rolling nature

with slopes averaging greater than 3 percent. The main soil type of

project lands is silt loam. Project farms average 163 acres in size and

are 99 percent surface irrigated. The major crops grown on the Milner

project are dry and edible beans, spring and winter grains, and alfalfa

hay, with lesser amounts of peas, potatoes, and sugar beets. The gross

crop income of project farmers in late 1976 averaged $243 per irrigated acre

Snake River diversions in 1977 totalled 4.2 acre feet per acre,
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with 3.5 acre feet per acre delivered to project farms. The average

project irrigation efficiecny in 1977 was 32 percent. The system

0 & M cost for Milner Low Lift District members for the years 1974, 1975

and 1976 averaged $14.40 per irrigated acre at 1977 price levels. The

1977 0 & M assessment to water users was $11.94 per irrigated acre.

North Side Canal Company, Ltd.

Located in Jerome, Gooding, and Elmore Counties, the North Side

irrigation project is one of the largest irrigation entities in Idaho,

encompassing 340 square miles. The Northside Canal Company, Ltd.

was incorporated in 1907 as part of an ambitious effort to open up new

farm land north of the Snake River in central Idaho through provisions

of the Federal Carey Act. Construction of the 755 mile network of main

canals and laterals was accomplished with horses and steamshovels and

explosives in areas of basalt outcroppings. This distribution system

presently delivers water to 1100 water users on 149,340 acres. Lands

served by the North Side Pumping Company (12,200 acres) were not included

as a part of the North Side project during this study.

North Side project farms average 136 acres in size and are 70 percent

surface irrigated, with 30 percent of the project irrigated by sprinkler.

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 late 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 loss conveyance

system. The area does have, however, groundwater system within 10-60

feet of ground surface which is being developed by individual farmers

as a supplemental source of irrigation water.

The district conveyance system is a series of unlined canals and

66



laterals totalling 22 miles in length. Over 8000 acres of district

lands are potentially irrigable, although less than 7200 are normally

irrigated due to subdivision and residential development of some project

areas. Because 1977 was anticipated as a water short year, only 4850

acres of Wood River Valley District lands were irrigated and farmed.

Sprinkler systems were used to irrigate 42 percent of farmed land in 1977

and groundwater pumped by individual farmers compose 43 percent of project

diversions. Although fewer acres were farmed in 1977, project operation

procedures and irrigation efficiencies did not significantly vary from

1976 to 1977 (Worstell, 1970).

One project ditchrider is employed to measure and deliver canal

water to farms averaging about 200 acres in size. No equipment or

vehicles are owned by the irrigation district.

Alfalfa hay is the major crop grown in the Big Wood River Valley,

with two thirds of the crop harvested twice each season. About one third

of the alfalfa crop of the Wood River Valley District is cut only once.

Considerable amounts of spring grain are grown in the valley and some

land is used for pasture for grazing. The average gross crop value in

the Wood River Valley Irrigation District was $167 per acre in late

1976.

An average of 9.6 acre feet of water per acre was diverted to district

lands during 1977, with 4.1 acre feet per acre of the diverted water

pumped from the shallow aquifer system. Farm deliveries averaged 7.3

acre feet per acre and total project irrigation efficiencies averaged

21 percent for the season. Actual canal conveyance efficiencies of the

district system were only 58 percent, although a composite conveyance

efficiency, considering water delivered by on-farm pumps, averaged 76

percent. On-farm pumps in the irrigation district consumed about four
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million kilowatt-hours of electrical power during the 1977 season.

Wood River Valley Irrigation District total system costs averaged

$2.91 per 1977 irrigated acre and the 1977 0 & M assessment by the

district was $1.88 per acre irrigated that year. A map of the Wood

River project is included in Appendix A.

Salmon River Canal Company, Ltd.

The Salmon Falls Development began in 1908 in southern Twin Falls

County under the Carey Act, and water was first delivered to Salmon

Tract lands in 1911.

Initial project development plans were to irrigate 130,000 acres;

however, because of low watershed yields and high conveyance system

losses, the project service area of the Salmon River Canal Company

was reduced to 72,000 acres around 1915 and further reduced to 35,000

acres in 1918 by a Federal Court decree. Of these 35,000 acres, about

31,000 are classified as arable. As shown on the map of the Salmon

River Canal Company system in Appendix A, project service areas are

widely separated from one another by unfarmed land created by the initial

acreage reduction. During a number of years since 1918, less than the

potentially irrigable 30,000 acres in the Salmon tract were planted due

to low reservoir levels and low precipitation amounts. Forecasts of

seasonal water supplies and corresponding maximum irrigable acreages

are annually estimated for project users by the Soil Conservation Service

Project irrigation water is stored in a 180,000 acre feet capacity

reservoir located behind a concrete arch dam built in 1910 on the Salmon

Falls creek. System diversions are made through a quarter-mile-long

tunnel extending through a canyon wall alongside the 210 foot structure.

The 109 mile long system of canals and laterals of the Salmon

Tract is 90 percent unlined channel, with about 10 miles of lateral
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pipelines. Salmon River Canal Company shareholders have, in the past,

had to call upon U.S. Bureau of Reclamation assistance and Federal funding

for renovation of project conveyance and delivery systems to increase water

use efficiencies and to line and rechannel canal sections with high water

losses.

Farms of the 174 Salmon Tract Water users average 170 acres in

size and are comprised mainly of silt loam soils less than 35 inches deep.

One half of the project lands have slopes exceeding 3 percent. Seven

ditchriders are employed by the company to measure and regulate system

deliveries. Dry and edible beans, spring grain and alfalfa are the

primary crops grown on the Salmon Tract, with small acreages of corn,

peas, alfalfa seed, and potatoes also harvested. Gross value of these

crops averaged $195. per acre in late 1976.

The amount of project lands planted to and irrigated in 1977 was

estimated by the USBR to total 19,770 acres, due to lack of precipitation

the previous winter and low reservoir levels. Of these 19,770 acres,

9 percent were watered with sprinkler systems. Salmon River Canal Company

diverted 3.8 acre feet of reservoir water per 1977 irrigated acre in

1977 and delivered 2.4 acre feet per acre to project farms. The project

conveyance efficiency in 1977 averaged 63 percent, and the resulting

project irrigation efficiency averaged 36 percent. System 0 & M costs

averaged for the years 1974, 1975, and 1976 equalled $9.80 in 1977, as

did the Company's 1977 0 & M assessment.

Cedar Mesa Reservoir and Canal Company

Located in western Twin Falls County, the Cedar Mesa Reservoir and

Canal Company (CMRCC) delivers water to 4030 irrigated acres on a parcel

of land referred to as the Roseworth Tract. Water is supplied to the
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Tract through unlined canals and natural stream beds from the Cedar Creek

Reservoir financed and built in 1921 by private investors. Original

development plans were to irrigate 14,000 acres with Cedar Creek waters.

However, the reservoir water supply was soon found to be adequate for

irrigation of only 4030 acres of actual farmland. Having changed ownership

several times during the first 20 years of operation 60 percent of the

CMRCC is presently controlled by one private interest, with the land leased

to tenant farmers. In total, 10 water users operate Roseworth Tract

farms averaging 400 acres in size.

Irrigation water released from the Cedar Creek Rservoir is controlled

by the company ditchrider using a regulating reservoir adjacent to project

lands to adjust daily flow rates. The project conveyance system

below the regulating reservoir consists of 9 miles of unlined canal

and laterals, one half mile of line laterals, and one and a half miles

of buried pipeline. All farm deliveries are delivered by gravity flow

through concrete constant head orifice turnouts. A map of CMRCC project

system is included in Appendix A.

Silt loam is the major soil type of the Roseworth Tract and the

project terrain has a uniform slope of less than 3 percent. Alfalfa

hay and spring and fall grain are the chief crops on the Roseworth

Tract and the project terrain has a uniform slope of less than 3 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 lifts of over

550 and 625 vertical feet. Two canals atop the plateau convey pumped

water by gravity means to boosting stations situated along the canals

where water is pumped into buried pipe mains under pressures sufficient for

sprinkler operation. The-irrigation company owns and maintains 9600
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risers situated along the 110 miles of buried pipeline. These risers

are 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 large 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 lifts involved on the Bell Rapids

Project and because electrical power is purchased from a private utility,

system users must pay a substantial fee for irrigation pumping costs.

In 1977, costs for electrical power totalled $49.22 per irrigated acre.

Combined with total 0 & M costs of $12.16 per acre, the total cost of

system operation and maintenance of the Bell Rapids Mutual Irrigation

Project averaged $61.38 in 1977. The company assessed users $65.78

for system operation.

King Hill Irrigation District

The early economic history of the King Hill Irrigation Project was

like some of its sister projects in that it was plagued with financial

difficulties. The King Hill development began in 1908 as a Carey Act

Project; however, the Carey Act contractor went broke in 1915 with the

project partially completed, at which time the State of Idaho organized
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the project into an irrigation district and transferred all control to

the United States Government. Additional improvement and repair of

irrigation works in the district system necessitated the expenditure

of over 2 million dollars by the Federal government between 1919 and

1923.

King Hill Irrigation District lands consist of 11,000 irrigated

acres located along a main canal system extending down the Snake River

Valley from near Hagerman to Hammett, a distance of over 50 miles.

The long, narrow shape of the project is shown in Appendix A. Most of

the project system was constructed in difficult, steep terrain along

the Snake River Canyon, necessitating the use of many wood stave siphons

and flumes later replaced with concrete structures by the Bureau of

Reclamation.

Initially, 16,000 acres were to be irrigated in the King Hill Project;

however, since the district was organized in 1917, some 5000 acres of

land with gravelly soils and steeper slopes have been eliminated from

the project. As a result of this elimination, project service areas

are somewhat scattered, with many dry and broken areas between farms.

This applies especially to the first 15 miles from the head of the canal,

where there are only a few farms. A brief history of the King Hill

Project is described in detail in a report submitted to the 84th congress

(King Hill Irrigation District, 1962).

The present King Hill distribution system consists of 60 miles

of unlined canal, about 16 miles of line canal and concrete flumes,

and over 7 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 located on pier

systems extending into the river channel began diverting water into the

King Hill system May 4, 1979. Total power requirement of the 25 turbine

pumps installed along the system is about 12,000 horsepower. Total

pumping heads from the river into the canal system range from 176 to

266 feet. Cost of the project exceeded 1.9 million dollars. Annual

system 0 & M cost including construction repayment for the pumping

project are expected to cost users about $35 per acre per year. Because

Idaho Power Company is now able to generate electrical power with Malad

River water historically diverted by the King Hill project, the power

company has agreed to supply the King Hill Irrigation District pumping

plants 14 million Kilowatt-hours of electrical power annually at no

charge.

Because farms are comprised mostly of sandy loam soil and many

fields slopes are much greater than 3 percent, sprinkler systems are

the predominate on-farm irrigation method used in the 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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Hill project lands were under irrigation. Major crops grown on these

lands were alfalfa hay, spring grain, grass pasture, with lesser amounts

of sugar beets, corn silage, potatoes, and sweet corn. Gross crop

value in late 1976 averaged $245 per acre. King Hill Irrigation District

diverted an average of 10.2 acre feet of Malad River water per irrigated

acre in 1977 and delivered about 5.8 acre feet per acre to system users.

An estimated 27 percent of all water diverted into the King Hill system

in 1977 was lost as canal seepage, and about 16 percent of system diver

sions were spilled from the long, winding system due to bottlenecks

at various control structures and a long lag time in system response

to changes in diversion or delivery rates. Even though projeet lands

were 80 percent sprinkler irrigated in 1977, on-farm application

efficiencies averaged only 43 percent. Deep percolation losses from

project farms were estimated to be over 3 acre feet per acre. Total

project irrigation efficiency of the King Hill Irrigation District in

1977 was 24 percent.

Because of the extensive length of the King Hill System and problems

in maintenance and water control schedules, annual total system 0 & M

costs of the King Hill project average $12.76 per irrigated acre.

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 lies on silt loam soils with slopes less

than one percent. Farm sizes in the district are quite small, averaging

56 acres, and are irrigated entirely with surface methods. The total

conveyance system of the Settlers District, including laterals, is

comprised of 55 miles of unlined canal. The system originates inside

Boise city limits and delivers water to 170 system users. Because of

residential development of some land within district boundaries and

gradual exclusion of subdivisions from the district, the amount of land

irrigated within Settler's Irrigation District in 1977 was only 9440

acres.

Maintenance and water control is performed by Settlers personnel

upon the main canal system only. Water is controlled along system

laterals by water users through lateral associations. These associations

are also responsible for upkeep and maintenance of each specific lateral.

One ditchrider measures and delivers Settlers water to the head end of

each lateral system. Two small wells are occasionally used to supply

groundwater to a small area within the district.

Crops grown on district farms include alfalfa hay, grass pasture,

corn silage, and field corn, and small amounts of sugar beets, spring

grain, sweet corn, spearmint and peppermint. The late 1976 gross crop

value of the project was $185 per acre.

Settlers District diverted 5.0 acre feet of Boise River water per

irrigated acre in 1977. System farms utilized 3.8 acre feet per acre

of this water. Total project irrigation efficiency in 1977 average 47

percent. District members were assessed $5.36 per irrigated acre for
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system 0 & M costs in 1977, while actual total system costs averaged

$7.44 per acre during 1974, 1975, and 1976. These costs include average

0 & M costs incurred by lateral associations.

South Board of Control, Owyhee Project

Situated in Idaho's Owyhee County and Oregon's Malheur County,

the Owyhee Project South Board of Control is responsible for supplying

38,000 irrigated acres with water from the Snake and Owyhee River.

Composed of two separate irrigation districts, (Gem and Ridgeview) the

South Board of Control (SBC) diverts water from two different sources

and delivers this water through two different canal systems to system users

Water was first delivered to SBC users in 1913 by pumping out of

the Snake River near Marsing, Idaho, with thirteen centrifugal pumps

totalling 6560 horsepower. This pumped water is distributed through the

'A', 'B', and 'C canals to the old portion of the Gem Irrigation District.

In 1935, the U.S. Bureau of Reclamation completed construction of the

Owyhee Rservoir in Malheur County, Oregon on the Owyhee River. Water

is diverted from the reservoir to SBC lands through a system of tunnels

and inverted siphons. From the western project boundary, Owyhee water

is conveyed along the western and southern edge of SBC lands by the

South Canal constructed by the USBR around 1935, and is delivered to

SBC users in the Ridgeview and newer portions of the Gem Irrigation

districts. Control of the Owyhee Project was relegated to system users

by the USBR in 1952.

In total, 194 miles of canal and lateral systems are used in the

SBC project. Five percent of the system is lined open channel and six

percent is in the form of 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
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CHAPTER V

PROJECT PARAMETERS, WATER USAGE, AND 0 & M COSTS

Information and data collected for the seventeen irrigation projects

evaluated were analyzed and formulated according to procedures discussed

in Chapter III. Much of this information is presented in table form

in this chapter.

Project Parameters

Irrigation projects in Idaho vary widely in size, shape, and form,

as do the projects evaluated in this study. Table 6 is a list of projects

studied and their corresponding acreages, system lengths, number of

users and turnouts, and project shape factors.

Irrigated areas of the projects vary from 2370 to 149,340 acres.

Total conveyance system lengths including project laterals range from

11 miles to 755 miles, and average 125 miles.

The ratio of total irrigated acres to total distribution system

length indicates the density of the project conveyance system network

in relation to the area served. The ratio is expressed as irrigated

areas per system mile of total conveyance system. Of irrigation projects

studied, Little Willow Irrigation District has the most efficiently designed

conveyance system. The mean in this study is 230 acres per system mile.

Project water users operating farms larger than 20 acres average

242 per project and range from 10 to 1100. System turnouts number from

12 lateral turnouts in the Enterprise system to 2970 farm 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, Osgood, Wood River, and South

Board of Control have the most compact service areas, and the King Hill

Project is the most spread out and elongated.

Project Distribution Systems

Five of the seventeen projects studied relied on the Federal goven-

ment for assistance in partial or complete construction of the project

distribution system. Table 7 is a list of project origins and distribution

system characteristics.

Two projects, Osgood and Bell Rapids, are composed mainly of high

pressure pipelines supplied with unlined canals, whereas most projects

in this report and in Idaho are predominately unlined canal systems.

Groundwater is used as a major water supply by the A & B and Wood River

Valley Districts. Elevation differences listed in Table 7 describe

vertical distances between highest and lowest irrigated points within each

project. This difference divided by the total conveyance system length

ranges from 0.2 to 30 feet per mile with a mean of 4.5.

Maximum system capacities shown in Table 7 are the maximum combined

diversion rates at all points of water diversion within each project

system. Total irrigated area divided by maximum system capacity was

computed during this study to indicate the relative duty of water within

each project. Duties ranged from 7.9 acres per cfs for Wood River

Valley project to over 59 acres per cfs for Osgood and Bell Rapids.

The project mean was 36.4 irrigated acres per cfs at maximum system

capacity.
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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 area! 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, system age and design, and means

of water diversion. The average irrigated area served by ditchriders among

DC



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&Bproject is due to the

large volume of groundwater diversion used to irrigate the project's ser

vice area. The Cedar Mesa project has a relatively insufficient flow right

to irrigate the project's service area; however, water supplied from on-stream

storage fulfills project water requirements.

The last three columns of Table 10 list reservoir storage available to

projects through contracts for off-project storage or through reservoir fac

ilities owned and operated by the projects. The final column lists reservoir

storage available for project use at the start of the 1977 irrigation season.

Electrical Power Consumption

Six irrigation projects operated pumping systems requiring substantial

amounts of electrical power. A summary of electrical power consumed by

project-owned pumps during the 1977 irrigation season is included in

Table 11. Power consumption of on-farm pumps, such as in the Wood River
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Valley Irrigation District, was not considered to be project-consumed power

Power consumption has been divided by project irrigated area, total

length of conveyance system, and acre-feet of water pumped during 1977

to create a common format for means of comparison. Because of the high

lift (600 feet) required to supply water to Bell Rapids users, the Bell

Rapids project invests much more power into each acre foot pumped than

any other system studied.

The 'Private* power sources listed in Table 10 signify the purchase

of electrical power from 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 losses from project conveyance systems varied from no net

seepage from the Little Willow system to an estimated 2.5 acre feet of

seepage per irrigated acre from the King Hill main canal and laterals.

The mean project seepage loss in 1977 was about 1.1 acre feet per acre,

with a standard deviation among projects of 0.8. Seasonal seepage losses

are included in Table 12.

Operational losses from canal systems normally occur as spills along

the system through control structures or as excess water at the system

end. Monthly volumes of operational losses from project distribution

systems are presented in Appendix D of this report. Seasonal values for

1977 range from no operational spills from the Wood River Valley, Salmon,

Cedar Mesa, and Bell Rapids systems to over 5 acre feet per irrigated acre

from Parks and Lewisville canals. The project average was 0.7 feet per acre

for the 1977 season.

Project conveyance efficiencies were computed in this study by
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dividing farm deliveries by project diversions and multiplying by 100.

Monthly conveyance efficiencies are included in Appendix D, and seasonal

project conveyance efficiencies are listed in Table 12. These efficiencies

range from a low of 50 percent for the Parks and Lewisville system to a

high of 92 percent on the Bell Rapids project. Conveyance efficiencies

averaged 73 percent among the projects with a standard deviation of 12

percent.

On-farm Application of Project Water

Water deliveries to farms on all projects averaged 3.77 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. All deliveries were by means of gravity flow, except

for the Bell Rapids and Osgood projects, where farm operators received

water from high pressure pipelines, and Wood River Valley, where 43 percent

of on-farm irrigation water in 1977 was pumped directly from groundwater

supplies.

Evapotranspiration rates of project crops were estimated based on

averaged planting dates, crop types, and climatic and meteorological data

collected during 1977. A modified Penman-type combination equation was

used to compute reference ET rates, and crop coefficients were used to

caluculate evapotranspiration rates of individual crops. This procedure

is described in detail in Chapter III. The crop ET listed in Table 12

is the average project seasonal evapotranspiration per acre calculated by

averaging composite crop ET use in accordance with respective acreages grown

Because of variance in crop distributions, season lengths, and 1977

weather conditions, average project seasonal rates ranged from a low of
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1.61 acre feet per acre for Milner Low Lift, Salmon River, and Bell Rapids

to a high value of 2.92 acre feet per acre for the Danskin Ditch Company.

The lower ET values are due, in large part, to large acreages of dry

beans having relatively low ET rates. Danskin water users grow large

amounts of alfalfa and grass pasture, both of which consume significant

amounts of water. Also, the irrigation season on the Danskin project

was long, stretching from April 1 to October 31. Monthly evapotranspiration

rates calculated for specific crops are listed in Appendix C. Evapo

transpiration rates of crops grown on the Bell Rapids, Cedar Mesa,

Salmon River and King Hill projects were calculated using weather data

collected at Kimberly, Idaho. Because daily wind run and vapor pressure

deficits of the air in these project areas is often greater than for the

Kimberly area, evapotranspiration and irrigation requirements calculated

for these four projects may be low (Burman et. al., 1975).

Irrigation requirements listed in Table 12 represent actual volumes

of irrigation water required by actively growing crops, considering

precipitation and antecedent soil moisture, to fulfil evapotranspiration

needs. The irrigation requirement is the total amount of water required

from an irrigation system operating at 100 percent efficiency. Irrigation

water requirements of projects during 1977 ranged from 1.33 acre feet per

acre on the Milner Low Lift Project to 2.49 acre feet per acre on the

King Hill project. The average irrigation requirement among projects

equalled 2.15 acre feet per acre.

Irrigation water from farms was assumed to leave project boundaries

as evapotranspiration, as the surface runoff portion of return flow,

or as deep percolation entering some type of groundwater system. Estimated

deep percolation losses from project farms averaged 2.3 acre feet per
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acre 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 lower than estimated if estimates of

evapotranspiration used are lower than ET which actually occured.

Project runoff ranged from zero for over half of the projects to 0.94

acre feet per acre from the South Board of Control. Projects averaged

only 0.16 acre feet of runoff per acre in 1977. Small values of project

runoff do not necessarily indicate low amounts of surface runoff from

individual farms, but only 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, low project efficiencies do not

necessarily indicate losses of diverted water to other instream or offstream

uses, as project return flows are often returned to rivers or drains for

reuse, and deep percolation losses may reappear into surface systems

through springs or may be reclaimed through groundwater pumping. These
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losses can represent a net loss of energy and soil nutrients, although in

some regions of the state, namely the Upper Snake Region, deep percolation

from irrigation projects constitutes valuable recharge to the Snake River

Plain Aquifer system.

Project irrigation efficiencies computed on a monthly basis are listed

in water use tables in Appendix F. Seasonal efficiencies are listed in

Table 12 for the seventeen projects studied. Project irrigation efficiencies,

defined as the crop irrigation requirements divided by total project diversions,

ranged from 12 percent on the Parks and Lewisville Project to a high of 59

percent on Little Willow District for the 1977 season. The mean of all

projects was 35 percent, with a standard deviation of 13 percent.

Annual Project Costs

Administrative, water control, and maintenance costs reported in this

study are three year averages for the calendar years 1974, 1975 and

1976. These costs were adjusted to 1977 prices using the procedure

discussed in Chapter III. Electrical power and reservoir 0 & M costs

were evaluated for 1977, only. In many cases, assumptions were required

concerning breakdown of project costs into appropriate categories. Cost

summaries are presented for individual projects in Appendix B of this

report and are tabulated for purposes of comparison in the following tables.

0 & M Costs of Systems

Table 13 lists total 0 & M costs of systems in terms of administrative,

water control, maintenance, power, and reservoir costs. By definition,

total 0 & M costs are the sum of administrative, water control and main

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 0 & M costs among the pro

jects when compared on a cost per unit basis (Table 14). The average

total 0 & M cost per 1977 irrigated acre is $7.70, ranging from $1.82 to

$12.76. Total system costs, which include power and reservoir 0 & M

costs in addition to total 0 & M costs averaged $12.56 per irrigated acre,

and ranged from $1.85 for Parks and Lewisville to $61.38 for Bell Rapids.

Total 0 & M costs per system mile averaged $1647 and ranged from $441 to

$4684. When power and reservoir costs were included, costs averaged

$2766 per mile of distribution system and ranged from $448 to $13,164.

Total 0 & M costs per system user varied substantially, averaging $2226 and

ranging from $103 to $20,688. Total system costs averaged $7649 and

ranged from $105 per Parks and Lewisville user to $104,430 per farm

operator on the Bell Rapids Project in 1977. The tremendous cost to

Bell Rapids users is due to large farm operations (1700 acres) on the

project and the total pumping head of 750 feet required for system operation

Project administrative costs were found to average 16 percent of total

0 & M budgets and range from 5 percent to 29 percent (Table 17). Water

control costs averaged 22 percent of total 0 & M costs and ranged from

13 percent to 47 percent, while project maintenance costs averaged 62

percent of the total 0 & M budgets and ranged from 29 percent to 75 percent.

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

inn
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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 laborers, equipment operators, pump

maintenance crews, etc. In most projects, ditchriders may work on both

water control and maintenance.

Personnel costs and labor requirements of projects have been tabulated

in Table 18. Costs for personnel include salaries and wages, housing

benefits, FICA, insurance, and retirement funds paid by the project.

Personnel costs per acre, mile of distribution system, and system user

are presented in 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 O&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 O&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 O&M expenditures for the seventeen projects

evaluated. These expenditures did not include reservoir 0 & M or electrical

power costs. As for actual personnel activities, an average of 12 percent

of a project's working force was used for administrative purposes.

Water control and maintenance activities required an average of 31 percent
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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 O&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.

Ill
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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 linear

correlation coefficients for each pair of the 213 parameters gathered.

In all, over 22,000 correlation coefficients were evaluated. Meaningful

relationships with significantly high correlation coefficients have

been selected for presentation. The hypothesis tested during the

correlation analyses was .H0: pf 0, where p is.the population correlation

coefficient. A coefficient of determination (r ) equal to 0.232

(n = 17) marked the 95% level of confidence that the hypothesis was

false, or that Pf 0. An r2 equal to 0.367 or greater was classified
as highly significant at a99% level of confidence (a =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 (a < Q.Ol). Most terms

listed 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 lower conveyance efficiencies. Conveyance efficiencies were

statistically unrelated to project application efficiencies, project

diversions per acre, and total operation and maintenance costs per

irrigated acre.

Average 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. Alsn, 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
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irrigation and application efficiencies in a negative manner (a = 0.01).

Percolation losses were lower from projects with high water control and

maintenance costs per unit volume of diversion. These losses were also

found to be directly dependent on the magnitude of project diversions

and farm deliveries, and system capacity per 1977 irrigated acre.

Deep percolation losses were greater on projects where high water-use

crops such as alfalfa, pasture, sugar beets, and potatoes were grown,

and on projects where a large proportion of labor is spent on water

control activities. No significant relationships were found between

deep percolation losses and soil type, water holding capacity or degree

of sprinkler irrigation.

Total System and 0 & M Costs

Significant and meaningful relationships between O&M and total

system costs of projects and other costs and characteristics are presented

in Table 26. Total O&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. O&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 O&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 low O&M costs. No significant correlations

were found between O&M costs and project size, efficiencies, total
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system length or seasonal diversion. O&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 O&M costs,

project reservoir O&M costs and electrical power costs for water pumping.

As shown in Table 26, total system costs were significantly related to

project irrigation and conveyance efficiencies (r =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.

O&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

120



Table 27. Administrative costs were lower for projects with greater

diversion capacities per unit area or larger proportions of alfalfa

and grain. Water use in the form of project diversions was found to

be greater for systems with less management (lower administrative

costs). Costs for system management were unrelated to project size,

length, percent sprinkler and gross crop value.

Project irrigation and application efficiencies were higher for

projects spending more money per acre for water control. These water

delivery organizations were found to also use more materials for system

maintenance and operated larger portions of pipe and lined channels within

their conveyance systems. Project diversions, 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

irrigated 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 less

for system maintenance than did Federal projects. Maintenance costs

per irrigated acre were not found to vary with project conveyance

efficiency, size, length or compactness.

Relationships between personnel costs per irrigated acre and system

parameters are listed in Table 28. Total personnel costs are greater for

Federal projects and less for projects along the Upper Snake. These costs
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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 (r =0.56)

as shown in Table 29. Average farm sizes and daily ditchrider mileage

increased as power consumption increased, and costs for water control

were also higher. Contrary to costs for power, actual power consumption

per acre was not related to use of sprinklers. This contradiction can

be explained by the difference in the price of electrical power from

private utilities and Federal utilities (BPA). Average slopes of

project farms and project compactness did not correlate significantly

with power consumption.

Irrigated area/system capacity, a/cfs, serves as an indication

of a water delivery system's diversion capacity relative to irrigated

land served. This parameter correlated highly with irrigated acres/

water right, a/cfs, as shown in Table 29. Water delivery organizations

with efficiently sized conveyance systems had higher than average

project irrigation and application efficiencies and project seasonal

diversions, farm deliveries and deep percolation losses were lower.

However, efficiently sized conveyance systems did not necessarily
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induce high conveyance efficiencies and were unrelated to project

size, length, and percentage of sprinklers used on project farms.

Project Water Availability

Two of seventeen project studied, Salmon River Canal Company and

the Wood River Irrigation District, have been historically plagued

with irrigation water shortages caused by seasonal droughts, low late

summer stream flows and high conveyance system or water storage losses.

These two projects, located on tributaries of the Snake River, were sub

jected to water shortages during the 1977 irrigation season, resulting

in reduced irrigated acreages. These projects are described in Chapter

IV. Water use, efficiencies and operations procedures of the Salmon

River and Wood River Projects were evaluated for the 1976 and 1977

seasons by Worstell (1978). No significant differences in these para

meters for the water short year (1977) were found. However, correlation

analysis of project parameters in this study did reveal relationships

between irrigated acreage reduction and some system characteristics as

shown in Table 30. The variable labeled as "1977 irrigated acreage/

assessed acreage" was used as an indicator of reduced project acreage

in 1977 due to water shortages. Values for this variable were computed

by dividing values of irrigated acreage listed in Table 6 in Chapter

V by values of assessed acreage in the same table. Calculation of

the acreage parameters is discussed in Chapter III. In addition to

Salmon River and Wood River projects, Danksin, Cedar Mesa and Little

Willow projects also had much lower irrigated acreages than recorded

assessed acreages. However, these project acreages were not reduced

because of water shortages, although Cedar Mesa and Little Willow

projects did experience lower than normal water years in 1977. These
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three projects were assessed for larger acreages than are actually

irrigable within project boundaries. Even with the low values for the

Danskin, Cedar Mesa and Little Willow projects (0.78, 0.81 and 0.83),

the ratio of 1977 irrigated acreage to assessed acreage is still con

sidered to be a fair indicator of project water availability in 1977.

Ratios for the Salmon River and Wood River projects were 0.59 and 0.61,

respectively. Most relationships listed in Table 30 were significant

at the 90% confidence level, only.

As indicated in Table 30, the ratio of irrigated to assessed

acreage was directly related to the percent of return flow from the

projects, although project efficiencies were apparently not related to

shortages of water. Lower percentages of potatoes and higher percentages

of alfalfa were grown on water short projects than on other projects

evaluated, resulting in a lower gross crop value in 1977. The size

of area served per project ditchrider was smaller than average for

water short areas. This relationship could indicate an increased degree

of water control on water deficient projects. Projects with a low

acreage ratio did spend a larger than average portion of personnel costs

for water control and smaller portions for maintenance, reflecting

a concern for good management of limited water.

Conveyance systems of the Salmon River and Wood River projects

are subject to high seepage losses as reflected in the statistical

analysis by the seepage rate term. These two projects have higher

than average system capacities, cfs/ac, and have less than average

area served per unit of water right (Table 30). The Salmon River and

Wood River projects also have shallow soils with average depths less

than 35 inches, resulting in high deep percolation losses, especially

within the Wood River District.
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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

O&M costs for other Idaho irrigation projects.

Selected variables were regressed into equation form using a

forward selection stepwise multiple linear regression procedure supported

by the University of Idaho Computer Services as part of the SAS76 computer

routine. The maximum R-square improvement option of the stepwise

procedure was used to build the regression models. Seventeen observations

were entered into the analysis for each system variable selected

from the variable list presented in Appendix G. Two forms of regression

equations were developed during the regression analyses. A multiple linear

equation of the form:

Y = bQ + b1 X] + b2 X2 . . . . bk Xk (12)

was used to describe project relationships, and an exponential-type

equation used by Brockway and Reese (1973) to describe irrigation project

O&M costs was also applied during this analysis. This equation is

the form:

b, b? b.
Y=bQ X1 'X2 l Xk k (13)

where: Y = the dependent variable representing O&M costs

X. = an independent variable related to Y

b, = a coefficient computed by regression
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k = the total number of independent variables included
in the regression equation

and b = 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:

Sy.l....k -i^H^f 04)
where: Sy.l k - standard error of estimate of the

populations of Y values

y = observed value

y = calculated value

n = number of observations

and k = number of independent variables in the
regression equation.

The standard error of estimate is presented mainly to indicate the average

deviation of costs or efficiencies calculated by equation 12 from actual

observations.

Total O&M Cost Equations

Five equations describing total annual project O&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 O&M costs, the most significant one-variable model

developed by the regression analyses is the following:

Y=0.75 + 1.67 X1 (15)

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

and X, = total annual personnel costs, $/acre (1977).

Equation 15 is essentially a generalized relationship between
2

project personnel costs and total project O&M costs. The r 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 O&M

cost with the addition of a second variable, gross crop value, shown in

the following equation:

Y=-0.14 + 1.59X] + 0.20 X2 (16)

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

X1 = 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 O&M costs. The

r2 of equation 16 is improved over equation 15, with avalue equal to

0.947. The standard error of estimate of equation 16 is $0.94 per

irrigated acre. Figure 4 shows calculated vs observed O&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 + 16601X-, + 0.058 X£ (17)

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

X, = total personnel requirement, my/acre

and X« = percent of system which is lined channel or pipe.

This equation relates 0&M costs per irrigated acre to the total

annual personnel requirement of the delivery organization per irrigated

acre. According to equation 17, personnel requirements of projects

comprise significant portions of the total 0&M costs. Variable X2,

representing the percent of the project conveyance system which is lined

channel or pipe, indicates higher 0&M costs on projects with higher

capital investments in the conveyance system. In reality, systems

with large percentages of lined channel or pipe should require less system

maintenance than unlined channel, provided the degree of water control is

unchanged. However, for projects evaluated, the relative amount of
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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 lined 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. O&M costs calculated with equation

17 have been plotted against observed O&M costs and are presented in

Figure 5.

An attempt was made to develop equations to estimate O&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 O&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 +5.07X1 +0.13X2 -0.012X3 +2.36X4 (18)
where: Y = total annual project O&M costs, $/acre (1977)

X, = 1 if Federal origin; 0 if private origin

X = project irrigation efficiency, %

X- = 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 Hill and the South Board of Control were considered

to be of Federal origin in this study. According to equation 18, these

projects have higher O&M costs, other variables held constant. These

higher costs may be due to ahigher 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

computed if actual irrigated areas and lengths of project conveyance

systems are known. In Idaho, irrigated areas of projects have been measured

and recorded by the Idaho Department of Water Resources (IDWR, 1978).

Again, the total system length portion of X3 includes all main canals

and laterals operated or owned by the water delivery organization.

Inclusion of variable X3 in the regression model is logical in the

sense that the greater the acreage served per system mile is, the lower

the per acre O&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 X- reflects higher total O&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 O&M costs for Milner Low Lift Irrigation

District. Actual costs for Milner were higher than costs estimated

by equation 18, due in part by the low project irrigation efficiency of

this project which pumps all of its diversion and in part by high 0 & M

costs for a non-Federal project. However, this project has received

limited Federal assistance in the past and does purchase BPA power.

A five-variable model is presented in this section which estimates

total O&M costs per irrigated acre using parameters which can be readily

obtained or estimated. This model developed by the regression analysis

is :

Y=6.25 -0.032X1 +0.029X2 +4.45X3 +3.30X4 +0.022X5 (19)

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

X, = irrigated acres per mile of total system

X9 = irrigated acres per acre of wetted canal area

X3 = 1 if Federal origin; 0 if private origin

X4 = terrain code, 0 = 0-3% slope; 1= 3-10% slope

and Xr = 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 O&M costs per
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irrigated acre. Variable Xp, irrigated acres per acre of wetted canal

area can be indicative of an efficient conveyance system design, with

more service area irrigated per acre of canal wetted area. However, the

positive coefficient of X2 indicates that O&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 X? 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, X., 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 O&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 Xr 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 X,- was set equal to 0

for these projects.

2
The r 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

O&M costs per acre for projects evaluated, although five variables were

required in the regression model.

Total System Cost Equation

Total system costs include O&M costs, reservoir operation and

maintenance costs and costs for electrical power consumed by project

operated pumps. An equation developed during the regression analysis

to estimated total system costs is of the form:

Y=0.98 +20.3X1 +0.155X2 +12230X3 (20)

where: Y = total project system costs, $/acre

X-, = project pump horse power per acre

X = percent of system which is line channel or pipe

and X. = 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 ahigh r2 value (0.991), due mainly to the large

mean square in the regression analysis. The standard error of estimate
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of this equation is $1.51 per irrigated acre. All variables in equation

20 have been discussed in the 0 & M cost equation section of this chapter.

The equation presented here may be used to estimate total system

costs of irrigation projects, although a more accurate method would be

to estimate power costs according to seasonal water use, pumping lifts

and price schedules, and to add this value to an 0 & M costs estimate

calculated using equations 16, 17, 18, or 19. Reservoir costs would also

be best estimated on an individual project basis and added to the sum

of 0 & M and power costs.

Equations Describing Project Efficiencies

Equation 21 is the regression model selected to describe project

seasonal irrigation efficiencies in terms of physical system parameters

and is included in this chapter to indicate apparent effects these variables

have upon project water use. This equation is:

Y=17.8 -5.07X] -240X2 + 8.59X3 +706X4 +0.078X5 (21)

where: Y = seasonal project irrigation efficiency, %

X., = system turnouts/system mile

X« = maximum system capacity, cfs/acre

Xo = soil type code

X4 = system turnouts/irrigated acre

and Xc = number of project-operated pumps,
b

Equation 21, with an r2 0f 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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with few turnouts along each mile of conveyance system but with many

turnouts in total. This phenomenon would seem to relate higher efficiencies

with projects with long, extensive channel or pipe systems.

Variable X2 in equation 21 indicates that projects with high diversion

capacities in relation to irrigated areas of the projects use these

large capacities to divert large amounts of water per acre, resulting in

lower project irrigation efficiencies. Variable X~, 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 + 0.355X] + 8.03X2 - 0.0173X3 (22)

where: Y = seasonal project conveyance efficiency, %

X. = average water right data, years

X« = 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 X., 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 X, in equation 22, irrigation projects with later water

rights are more apt to have higher conveyance efficiencies, possibly due to

more efficiently designed distribution systems, lower seepage rates, or in

creased degrees of water control necessitated by pumping of water or smaller

total flow rights. As in equation 21, a fine-textured soil is conducive of

high conveyance efficiencies. Variable X3 in the model, elevation difference

in feet, is the vertical distance between the highest and lowest irrigable

elevations within project boundaries. This variable would seem to indicate

lower conveyance efficiencies for projects with large variations in eleva

tion along the water distribution system attributed by steep terrain or

large project size. As shown by Figure 10, equation 22 does not accurately

estimate conveyance efficiencies of all projects. The 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 -553X1 +0.745X2 +0.186X3 +6.03X4 (23)

where: Y = seasonal project application efficiency, %

X1 = maximum system capacity, cfs/acre

X2 = percent of project planted to alfalfa

X-. = percent of farm deliveries at high pressure

and X4 = soil 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 lower infiltration rates. Variable X,,, 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 along growing season and high §vapo~

transpiration rates.

Projects with high-pressure deliveries to farms had higher application

efficiencies, as indicated by variable X3. However, the two high-pressure

projects studied, Osgood and Bell Rapids, had lower than average acreages of

alfalfa, thereby partially counteracting higher efficiencies predicted by

variable X3. The r2 value of equation 23 is 0.866, and the standard error
of estimate of this equation is 6.2 percent. Calculated vs. observed values

of application efficiency are shown in Figure 11. There is noticeable scat

ter among points between 40 and 60 percent efficiencies.

Equations Describing System Water Losses

Relationships were developed to estimate water losses from projects

as percentages of water diverted. Of these losses, only return flow

was adequately described in linear form. The resulting regression equation

is expressed as:

Y = 0.182X-J - 0.157X2 - 0.0037X3 + 5.35X4 (24)

where: Y = seasonal project return flow, % diversions

X-, = system turnouts per ditchrider

Xp = system turnouts measured, %

X3 = total water rights, cfs

and X, = 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 X? indicates that

projects in which a majority of turnouts are measured have lower levels of

return flows. This phenonmenon would result if the measurement of system

turnouts provided ditchriders with information on necessary diversions

required to fulfill farm needs. Also, projects with marginal water

supplies are more likely to measure all farm deliveries and are likely

to place greater emphasis on limiting operation 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,

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 X~ adds a bias toward the larger projects evaluated,

most of which has relatively low percentages of return flow. The coefficient

variable X. 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 ratio

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,

2
resulting in a r 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 O&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 O&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 O&M costs for

projects in Idaho and possibly the Pacific Northwest.
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OSGOOD CANAL COMPANY

1977 IRRIGATED AREA1 6,210 ACRES, source new sweeden canal
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IDAHO IRRIGATION DISTRICT
1977 IRRIGATED AREA • 35,600 ACRES
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WOOD RIVER VALLEY IRRIGATION DISTRICT
1977 IRRIGATED AREA ! 4,860 ACRES
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SALMON RIVER CANAL

COMPANY, Ltd.
1977 IRRIGATED AREA= 19,770 ACRES
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• Main Canal System

Excluded Lands

Point of Diversion

SCALE
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CEDAR MESA RESERVOIR

AND CANAL COMPANY

1977 IRRIGATED AREA • 4,030 ACRES

———— District Boundary
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BELL RAPIDS MUTUAL IRRIGATION COMPANY
1977 IRRIGATED AREA » 25,530 ACRES
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************************************ A** A ***************** A ********* A**

* *

* Et7FCP.PMSR IRRIGATION DISTRICT *
* *

************************************** ********************************

1977 Irrigated ,ncres
Jl)77 Assessed Acres

jutal System Length (miles)
project Perimeter (miles)
[-reject Compactness Ratio
irrigated Acres / System rile
i-.ater users > 20 acres

5070

15980

] 5. 0

22

].%

398

G3

1977 PPGJPCi' VKVCH USE

vater Diverted to project
Seepage Losses
operational Losses
farm Deliveries

iffective Erecipitation
barm runoff in Return Flow
Deep ter eolation
ivapotranspiraticn
irrigation requirement
Project return Flow
1977 reservoir Storage

Jonfeder ai Or ig i n
Surliest Flow Right 6-12-1903
Average Flow Fight 7-15-1910
Total Water Flow Right 199 cfs

later Right Duty 30 a/cfs
Usable Reservoir Storage 16071 af
usable leservoir storage 2.69 at/a

AF AF/A %INFLO!

20101 3.37 100

2675 0.45 1.3

1372 0.23 7

16053 2.69 SO

3030 0.51 15

2734 0.46 14

4538 0.76 23

11474 1.92 57

0732 1.47 44

4106 0.69 20

11702 1.96 58

1977 Project Conveyance Efficiency 80 I
1977 project Application Efficiency 55 I
1977 Project irrigation Efficiency 44 t

1UPOCRAPI5Y

lignest Irrigable llevation 50C5 ft
Lowest lrriqai.de llevation 5050 ft

elevation Difference 35 ft
elevation biff. / System Pile 2.33 ft/r.i
Llevation Difference / "ere 0.006 ft/a
Averaoe Lard Slooe 0% (0-3%) 100% (3-10*)

CONVEYANCE SYSTE

PROJECT SERVICE AREA

Averaqe Farm Size 95 acres

Soil—Silt Loam
Average soil Depth 48 incnes
Ave boil Moist [fclding Cap 2.4 in/ft
Gravity Irrigated Land 5 i
Sprinkler irriqated r^and 95 &
Assessed Land Irrigateo (1977) 100 *

VATFP SOURC3

total System Length 15.0 miles River or Canal .100.0 %
open channel 100.0 i Groundwater 0.0 *
lined oiannel 0.0 i other 0.0 %
pipe 0.0 %
linea aiannel + pipe 0.0 I ========—=====================:======:=

Canal letted /urea 24 acres WATER CONTROL
uanal Area / Irrig Area 0.40- * ==^=====^===^=========^==1=======^==-^

axii.u.-i Seepage fate 0.97 Et/day Number of Ditchriders 1
Maximum Diversion Capacity IS'1 cfs irrigated Area / Diten rider 5970
Irrigated Area at Max Cap. 3B.8 a/cfs Nurooer of water Users / D.R. 63
project Irrigation bells 0 System length / D.R. 15 miles
project 'lotal Rumps 0 Turnouts per Ditchrider 12
raximun Rsnp Demand 0 hp Turnouts r^easurcd by d.R. 0 %
uumber of System turnouts 12 Turnouts Checked Daily 0 t
turnouts / Mile of System 0.8 Average Plleage / D.R. 50 mi/day
irrigated Acres / lurnout 49b D.P. Pileaqe / System Kile 3.33 mpci/mi
Measured Turnouts 0 'Water Delivery Type — Continuous

r»'ater Liver ted, Lifted, or pressurized with Project Pumps 0 % total
iater Diverted, Lifteo, or Pressurizec. with On-farm Pumps 95 I total
Water Delivered at High Pressure uy Project 0 * total
Sprinkler Systems Pressurized by Project 0 % by Farms 100 %
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**********************************************************************

* *

* ENTERPRISE IRRIGATION DISTRICT' *
* *

**********************************************************************

OPERATION AND MMNTFNArCE COSTS

Adjusted 1977 Costs $ $/acre $/r.ile S/user $/af %0&M %system

1977 O&M Assessment

(1) Administrative Costs
(2) water Control Costs
(3) Maintenance Costs
(4) Annual Power oasts
(5) Reservoir O&M Costs

t'otai oyi costs (1+2+3)
Total Prcject Costs (1+2+3+4)
iotal System Costs(1+2+3+4+5)

11940 2.00 796 190 0.594

1183 0.20 79 19 0.059 5 5

4470 0.75 29 P 71 0.222 19 19

17283 2.89 1152 2 74 0.860 75 73

0 0.00 0 0 0.000 0

805 0.13 54 13 0.040 3

====== =======:================tsassBsaa========= ======

22936 3.84 1529 364 1.141 100 97

22936 3.84 1529 364 1.141 97

23741 3.98 1583 377 1.183 100

PERSONNEL INFOFjM&TION

Adjusted 1977 Costs $ $/acre $/mile %total

Administrative Personnel Costs
Pater Control Personnel Costs
.aintenance Personrel Costs

iotal personnel costs

Personnel Labor Requirements manyears my /a my/mi Itotal

Administrative Labor 0.15 0.000025 0.010000 18
Pater Control Labor 0.42 0.000070 0.028000 4 9
•aintenance Labor 0.2S u.000047 0.018667 33
iotal project Labor 0.85 0.000142 0.056667 100

Average Personnel Cost (total $/total my) $ 10198 / year

576 0.096 30 7

3358 0.562 22^ 39

4734 0.793 316 55

8668 1.452 578 0

/'TSCCLLAMlOuS

Adjusted 1977 Costs $ $/acrc $/mi %0%IV

Maintenance Materials Purchased 364 7 0.61 243.13 16
Project vehicle i> Equip Deprec. 0 0.00 0.00 0
nirec Vehicle & Equip Deprec. 3339 0.56 222.60 15
IDtal Vehicle & Equip Deprec. 3339 0.56 222.60 15

1977 Power Consumption 0 kwh 0 kwh/a 0 kwn/mi
1977 Project Power Costs s^ 0 0.0000 $Awh
1977 Crop Value $ 1646000 276 $/a
1.977 Crop value 82 ?/af 143 S/af of El
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**********************************************************************

A *

* PARKS & LPPISVILLL IRRIGATION CD. IMC. *
* *

**********************************************************************

1977 Irrigated Acres
1977 Assessed Acres

lOtal system length (miles)
project Perimeter (miles)
Project Compactness Patio
Irrigated Acres / System Mile
water users > 20 acres

8 500

8700

35.0

25

1.93
24 3

150

1977 PROJECI FATER USE

Water Diverted to project
seepage Losses
Operational Losses
Farm Deliveries
Effective Precipitation
Farm runoff in Return Flow

Deep Lercolation
Evapotranspiration
irrigation Requirement
project return Flow

1977 Reservoir Storaqe

Nonfederal Origin
earliest Flow Right 6 -1-1883
Average Flow Right 6-10-1890
Total Water Flow Right 433 cfs
water Right Duty 20 a/cf£
usable Reservoir Storage 15250 af
usable Reservoir storaqe 1.75 af/a

AF AF/A UNFLOl
====================

105947 12.46 100
9759 1.15 9

43257 5.09 41

52930 6.23 50

3650 0.43 3

0 0.00 0

39747 4.68 38

17378 2.04 16

13183 1.55 12

4 3257 5.09 41

5500 0.65 5

1977 Project conveyance Efficiency 50 t
1977 Project Apelication Lfficiency 25 %
ly77 Project Irrigation Lfficiency 12 %

TOPOGRAPHY

ilignest Irrigable Llevation 4837 ft
Lowest Irrigable llevation 4765 ft
Llevation Difference 72 ft
Llevation Diff, /System Pile 2.06 ft/hi
Llevation Difference / Acre 0.008 ft/a
Werage (and Slope 100% (0-3%) 0% (3-10*)

Cun/VLYAKX SYS ITJP

total System length 35. 0 miles

open ciiannel 1CG.0 1

lined channel 0.0 i

pipe 0.0 1

lir.eJ channel + pipe 0.0 i

Canal Petted Area 70 acres

Canal Area / Irrio Area 0.02 3

aximun Seepage Rate 0.95 ft/day
aximu.i Diversion Capacity 512 cfs

irrioated Area at Max Cap. 16.6 a/cfs

Project Irrigation Wells 0
Project iotal Pumps 0

Paximum pump lemand C hp
..umber of System Turnouts 153

Turnouts / Mile of System 4.4

Irrigated Acres / Turnout 56

Measured Turnouts 0

PROJECT SERVICR AREA

Average Farm size 57 acres
"oil Sanuy Loam
Average Soil deptn 36 inches
Ave Soil Hoist Holding Caf 1.7 in/ft
Gravity irrigated Land 100 \
Sprinkler Irrigated Land 0 *
Assessed Land Irrigatec (1977) 9« *

PATEF. SOURCE

iiver or Canal 100.0 fe

Groundwater 0.0 %

Other 0.0 %

HATER CONTROL

,'lumber of oitchriders
Irrigated Area / Ditchrider
Number of pater Users / D.F
System length / D.R.
Turnouts per Ditchrider
Turnouts feasured ey p.p.
Turnouts Checked Daily
Average Pileage /D.R.
D.R. Mileage / System wile
Pater Delivery Type — Continuous

1
8500

150

35 miles
153

0 *

100 %

50 nti/day
1.43 mod/mi

cater Diverted, Lifted, or Pressurizea with Project Pumps 0 %total
Pater Diverted, Lifted, or pressurized with On-farm Pumps 0 %total
iater Delivered at High pressure by Project 0 % total
»prinkier Systems pressurized by project 0 % by Farms 100 %
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************************ ******************* ***************************

* *

* PARKS £ LLHSVILLP IRRIGATION CO. IMC. *
* *

************************ ******************* ***************************

OPERA1TON ADD PAIDTDIA CP COSTS

\UjUsted 1 .77 Costs $ $/acre $/miie $/user t/ai «3&f* 'isyste:

1977 o&'> Assessment

(1) Administrative Costs
(2) Water Control Costs
(3) saintenance Costs
(4) Annual tower 'Costs
(5) Reservoir o&p Costs

Total CMW Costs (1+2+3) 15452 1.82 441 103 0.146 100
iotal Project Costs (1+2+3+4) 15452 1.82 441 103 0.146 99
Total System Costs(1+2+3+4+5) 15684 1.85 448 105 0.148 100

14432 1.70 412 96 0.136

2462 0. 29 70 16 0.02 3 16

3871 0.46 111 26 0.037 25

9119 1.07 261 61 0.086 59

C 0.00 0 0 0.000

232 0.03 7 & 0.002

=============== ==============================

15452 1.82 4 41 103 0.146 100

15452 1.82 4 41 103 0.146

15684 1.85 44H 105 0.148

PERSONNEL INFORMATION

Adjusted 1977 Costs ? S/acre $/milc Itotal

Administrative Personnel Costs
Pater Control Personnel costs
maintenance Personnel Costs

iptal Personnel Costs

personnel Labor Requirements manyears my/a my/mi %total

Administrative Labor 0.08 0.000009 0.002286 9
bater Control Labor 0.35 0.000041 C.010000 41
maintenance Labor 0.42 0.000049 0.012000 4 9
Total Project Labor 0.85 0.000100 0.024286 100

Average tersonnel Cost (total $/total ay) $ 7727 / year

594 0.070 17 9

2727 0.321 78 42

324 7 0.382 93 4 9

6568 0.773 188 0

MISCELLANEOUS

Adjusted 1977 costs $ . $/ecre $/m *0*r

Maintenance Materials Purchased 2385
Project Vehicle L Eouip Deprec. 0
hired Vehicle S> Equip Deprec. 4043
lOtal Vehicle i hquip Deprec. 4043

0. 28 68 14 15

0 00 0. 00 0

0 48 115 51 26

0 48 115. 51 26

~

==========
:== =

=======

0 kwh /a 0 kwn/mi1977 power Consumption 0 kwh
1977 Project Power Costs $ 0 0.0000 $/kwh
1977 Crop value $ 3098000 364 $/a
1577 Crop value 29 $/af 178 $/af of ET
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**********************************************************************

* *

* OSGOOD CANAL CO. (U&I SUGAR CO.) *
* *

****************************************** ****************************

1977 Irrigated Acres 6220
1977 Assessed Acres 6220
Total System length (miles) 30.0
Project Perimeter (miles) 18
Project Compactness ratio 1.57
Irrigated Acres / System pile 207
cater users > 20 acres 17

1977 PROJECT WATER USE

Pater Diverted to Preject
Seepage Losses
Operational Losses
Farm Deliveries
effective Precipitation
farm lunoff in Return Flow

Deep percolation
Lvapc transpiration
irriaation Requirement
troject return Flow
1977 Iteservoir Storage

confederal Origin
Earliest Flow Right 6 -1-1885
Average Flew Fight 8-10-1893
Total Pater Flow Right 232 cfs

Pater Right Duty 27 a/cfs
Usacle Reservoir Storage 21230 af
Usable Reservoir Storage 3.41 af/a

AF AF/A IINFLOV
===== ======= r== = ==r

16946 2.72 100

1984 0.32 12

1503 0.24 9

13450 2.16 79

2522 C.41 15

0 0.00 0

4487 0.72 26

11207 1.80 66

8971 1.44 53

1503 0.24 9

31807 5.11 188

1^77 Project conveyance Lfficiency 79
1977 Project Application Efficiency 67
1977 Project Irrigation Efficiency 53

TOPOGRAPHY

highest Irrigable Elevation 4820 ft
Lowest Irrigable elevation 4740 ft
Llevation Difference 80 ft
llevation Diff. / System Mile 2.C7 ft/mi
Llevation Difference / Acre 0.013 ft/a
Average Land Slope 100% (0-3%) 01 (3-10%)

CajvEYANCE SYSTEM

rotal System Lcnqtn

open channel
lineo channel

pipe
lined cnannel + pipe

Canal pettec Area

Canal Area / Irrig Area
'aximum Seepage Rate

vaximum pi vers ion Capacity
irrigated Area at M&x Cap.
Project Irrigation Pells
Project iotal Pumps
[ aximum Pump Demand
Number of System Turnouts
Turnouts / Mile of System
Irrigated Acres / Turnout
measurea Turnouts

30.0 miles

24.0 i

0.0 %

76.0 't

76. 0 «

20 acres

0. 32 I

0.95 ft/day
105 cfs

59. 2 a/cfs
2

3u

3625 no

13

0.4
478

0

PROJECT SERVICE AREA

Average Farm Size 360 acres
Soil Silt Loam

Average Soil Depth
Ave Soil Moist 'Dicing Cap
Gravity Irrigated Land
Sprinkler Irrigated Land
Assessed Lana Irrigated (1977) 100 %

WATER SOURCE

Fiver or Canal 91.3 l

Groundwater 8.7 I

Other 0.0 %

WATER CONTROL

Uur.iber of Ditchriders
irrigated Area / Ditchriaer
dumber of Pater Users / D.R.
System Length / D.R.
Turnouts per Ditchriaer
Turnouts Peasured by p.p.
Turnouts Checked Daily
Average Pileagc / D.R.
D.R. Mileage / System Mile
Pater Delivery Type — Continuous

48

2.7
0

100

inches
in/ft
1

%

3110

9

15 miles
7

0 V,

100 i

25 mi/day
1.67 mpd/nu

tater Liver tea, Lifted, or pressurizea with Project Pumps 100 % total
Cater uiverted, Lifted, or Pressurizea with on~i"arm Pumps 0 * total
later Delivered at nigh Pressure by Project 100 % total
Sprinkler Systems Pressurized by Project 100 l by [arms 0 I
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**********************************************************************

* *

OSGOOD CANAL CC. (U&I SUCA.R CO.) *
* *

**********************************************************************

OPERATION AND fAIPTLNAPCI COSiS

adjusted 1977 Costs $ $/acre $/nile 5/user ?/af tO&H ^system

1977 OS' "SsessmenL

(1) Administrative Costs
(P) S :tcr control Costs
(3) maintenance Costs

(4) annual power costs
(5) reservoir 0&^ Oasts

Total o&F Oasts (1+2+3)
Total Project Oasts (1+2+3+4)
Total System Costs (1+2+3+4+5)

0 0. 00 Q 0 0.000

10169 1.6 3 339 598 0.600 16 t.i

16935 2.72 565 996 0. 999 27 10

3G372 5. 85 1212 2140 2.146 57 21

107795 17.33 3593 6341 6. 361 b3

1064 0.17 35 6 3 0.063 I

=•==== = : =========================================:=====

63476 10. 21 2116 3734 3. 746 100 37

171271 27.54 5709 10075 10.107 99

172335 27.71 5745 10137 10.170 100

PERSONNEL INtOPrAllj..

Adjusted 1977 Costs $ 0/acrc $/mile ttotal

(Administrative Personnel Costs
. ater Control Personnel Costs

"aintenance Personnel Costs

'iotal Personnel Costs

Personnel Labor Requirements manyears my/a my/fori stotal

Administrative Labor 0.33 0.000053 0.C11CO0 16
aixr ''^ntrol labor 0.64 0.000103 0.021333 32

: aintenance Labor 1.06 (..000170 0.035333 52
iotal project Lamer 2.03 0.000326 0.0676c7 100

•weraac tersonnel Cost (total "/total ny) $ 15975 /year

004 5 1 ? 9 3 2 38 25

10877 1.749 363 34

13508 2.172 4 50 42

32430 5.214 1081 0

USCFLLAPDOUP

Adjusted 1977 posts $ $/acre $/mi W'tr

'aintenance ''ateriaLs Purchased 19806 3.18 660.20 31

VCeject Vehicle & Equip Deprec. 1525 0.25 50.83 2
hirea Vehicle 5 pcuir Deprec. 3200 0.51 106.67 5
•iotal vehicle & Dnuip Deprec. 4725 0.76 157.50 7

L977 Power consumption 4207100 kwn 676 kwh/a 140236 kwh/mi
1977 Project Power Casts ? 107795 0.0256 $/kwh
197 7 Croc value f 2116000 340 S/a
1977 Cro. value 125 S/af 189 $/af of ET
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**********************************************************************

A *

* IDAJU IRRIGATION DISTRICT *
* *

**********************************************************************

il 77 irrigated Acres 35600
1977 Assessed Acres 35600
total PVstem Length (miles) 150.0
i reject Perimeter (miles) 73
Project Compactness patio 2.51
Irrigated Acres / System Pile 237
Pater users > 20 acres 540

1977 PROJECT VATER USF

Pater diverted to project
Seepage Losses
C»x:>ra tional Fosses

Farm Deliveries
11 feetive pr ecioitation
Farm runoff in Return Flow

tjeep Percolation
Evapotranspiration
Irrigation Requirement
Project Return Flow
19/7 reservoir Storage

Nonfederal Origin
Earliest Flew Right 8-13-1888
Average Flow Right 2-15-1889
'iotal vater Plow Right 1000 cfs
mater Right Buty 36 a/clT
Usable Reservoir Storage 94941 at
Usable Reservoir Storage 2.67 af/a

AF AF/A IJUt'WV

314297 8.83 100

60876 1.71 19

9 3231 2.34 26

J 70190 4.78 54

13371 0.39 4

4603 0.13 1

111586 3.13 36

o88 30 1.53 22

54001 1.52 17

878 33 2.47 23

85113 2.39 27

1977 project conveyance Efficiency 54 i
1977 project Application Efficiency 32 %
1977 Project Irriection Efficiency 17 I

lOPOGRAi'HY

lignest Irrioable Llevation
Lowest Irrigable Llevation
...leva t ion Difference

elevation Diff. / System rile
llevation Difference / Acre
'vvcratje land Slooc 1001 (0-3%)

4700 ft

4585 ft

155 ft

1.30 ft/mi
0.005 ft/a

0* (3-10*)

PROJECT SERVICE AREA

Average Farm Size 80 acres
Soil Sandy Loan,
Average Soil Depth 36 inches
Ave Soil foist holding Cap 1.8 in/ft
Gravity Irrigated Land 65 %
Sprinkler Irrigated Land 35 t
Assessed Lard Irriqated (1977) 100 S

CONVEYAiCE SYSTEM WATER GOURCf.

Total System Length 150.0 miles River or canal 92.6 \
open channel 100.0 r, Groundwater 0.0 «
linea channel 0.0 % Other 7.4 I

pipe o.O I
lined channel + ripe 0.0 % ====================================

Canal Petted Area 423 acres PATLR CONTROL
banal Area / Irrig Area 1.19 't ====================================-=
laximum Seepage Rate 1.07 it/day Number of Ditchriders 4
aximum Diversion Capacity 1540 cfs irrigated Area / Ditchrider 8900

irrigated Area at 'lax Cap. 23.1 a/cfs Number of water Users / D.R. 135
[•reject Irrigation tells 0 System Length / D.R. 38 miles
Project Total pumps 0 Turnouts per Ditchrider 200
•ax hum pump Demand 0 hp Turnouts reasurec by D.R. 100 I
i'u;pber of Systeir turnouts tiOO Turnouts Checked Daily 100 I
iuinouts / rile of cystem 5.3 Average Pileage / D.R, 60 mi/day
irrigated Acres /'lurnout 45 p.p. Mileaec / System Mile 1.60 mpd/ni
•leasured Turnouts 800 Water Delivery lype -- Continuous

.•ater Diverted, Lifted, or Pressurized with Project Pumps 0 I total
later Diverted, Lifted, or pressurized with on-farm Pumps 11 I total
Peter Delivered at High pressure by Project 0 ? total
Sprinkler Systems Pressurized by project 0 % by Farms 100 %
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*********************************** ***********************************
*

K

ICALO IRRIGATION DISTRICT *
*

**********************************************************************

OPERATION AND r^NT'EUANCE COSTS

Adjusted 1977 Costs $ $/acre $Adle $/user $/af *0&'

1977 O&M Assessment
(1) administrative costs
(2) water Control Costs
(3) "aintenance Costs
(4) Annual Power Costs
(5) Reservoir 0&- ' Costs

142400 4.00 949 264 0.453

29353 0. 82 196 54 0.093 23

27022 0.76 180 50 0.086 21

73486 2.06 4 SO 136 0.234 57

0 0.00 0 0 0.000

4296 0.12 4. J 8 0.014

===============imarsssea====== ======== ==== =

129861 3.65 866 240 0.413 100

129861 3.65 366 240 0.413

1 34157 3. 77 894 248 0.427

'.otal O&M Costs (1+2+3) 129061 3.65 806 240 0.413 100 97
POtal Project Costs (1+2+3+4) 129861 3.65 866 240 0.413
'JOtal System Costs (1+2+3+4+5)

PERSONNEL INFORMATION

Adjusted 1977 Costs $ $/acre $/mile fctotal

Administrative Personnel costs
water Control Personnel Costs
maintenance Personnel Costs

Iotal personnel Costs

personnel labor Reauirements manyears my/a myA-i *total

Administrative Labor 1.20 0.000034 0.008000 15
Water Control Labor 2.40 0.000067 0.016000 3e
paintenance Labor 4.50 0.000126 0.030000 96
•iotal project Labor 0.10 0.000220 0.054000 100

Averaae Personnel Cost (total $/total my) $ 5482 / year

12625 0.355 84

24 367 0.604 162

3981.1 1.118 265 52

76003 2.157 51 2 0

i TSCLLLAP POOL

Adjusted 1977 Costs S o/acre $/r.i %0W

•aintenance Paterials Purchased 15542 0.45 105.iJ 12
project vehicle & Eftuip Deprec. 8080 0.25 53.52 6
Uired vehicle i, Equip Deprec. 385 0.02 5.90 1
local vehicle f Equip Deprec. 0573 0.25 59.02 7

19 77 Power Consumption 0 kwh 0 kwh/c 0 kwn/ni
19/7 Project Power costs r 0 0.0000 $/k*n
1977 Crop value $ 10751000 302 $/a
1577 Crop value 34 $/a£ 156 $/af of d'i

184

100



**********************************************************************

* *

* DANSKIN DIT03 COMPANY *
* *

**********************************************************************

L977 Irrigate.i acres 4730
1)7 J Assessed Acres 0060
Local System length (piles) 20.0
Project Perimeter (miles) 19
project COHioactness Ratio 1. B7
irrigated Acres /System 'lie 237
',ater users > 20 acres 30

1^/7 PROJECP vIATOP USE

Water Diverted to Project
Seepage bosses
Operational bosses
rata Deliveries

Effective Precipitation
e'atm Eiinoff in Return Flow

Leep percolation
bvapotransoiration
irrigation Requirement
Project lieturn Flow
1977 !;eservoir Storaqe

Confederal Origin
earliest Flow Right 6 -1-1006
Average Flow rignt 5-10-1904
iotal Pater Flow Light 276 cfs
•'•ater Rignt duty 17 a/cf:
Usable Reservoir Storage 2350 af
usable i&servoir Storage 0. 50 af/a

AF AF/\ %INFLOU

5J342 12.55 100

7363 1.56 12

3273 0.69 6

48706 10.30 02

2952 0.62 5

0 0.00 0

37627 7.55 03

13315 2.92 23

11079 2.34 19

3273 0.69 6

2350 0.50 4

197 7 Project Conveyance efficiency 82 %
1977 Project Application Efficiency 23 %
1977 project Irriqation Efficiency 19 %

iUPOGRAPHY

highest Irrigaole Elevation 4480 ft
Lowest irrigaole Elevation 4448 ft
Llevation Difference 32 ft
ilevatiori biff. / System, Mile 1.60 ft/mi
Elevation Difference / Acre 0.007 ft/a
average Land Slope 100% (0-3%) 0% (3-10%)

PROJECT SERVICE \REA

Averaqe Farm Size 75 acres
Soil Loam
Average Soil Depth 60 inches
Ave Soil *Oist Holding Cap 2.1 in/ft
Cravity Irrigated Land 90 I
Sprinkler irrigated Land 10 %
Assessed Land irrigated (1977) 78 t-

CODvLYAhCF SYSTE WTER SOURCE

River or Canal

groundwater

Otter

100.0 1

o.o %
o.o i

WATER CONTROL

LJumber of ui tchriders

Irrigated Area / Ditchrider
Number of pater Users / D.R.

System Length / D.R.
Turnouts per Ditchrider
Turnouts ^asured by D.R.
Turnouts Chocked daily
Average Mileage / D.R.
D.R. Mileage / System Mile

1

4730

80

20

22

23 I

50 %

30 m

1.50

20.0 miles

100.0 %

0.0 %

0.0 t>

0.0 %

47 acres

0.99 \>

1.04 f t/day
302 cfs

15.7 a/cfs
0

0

0 ho

22

1.3

215

5

fotal System Length
omen channel
1 inc-j. channel

pipe
lined channel + rime

Canal wettoa Area

Canal Area / lrrig /urea
'aximum Seepage Rate
laximun Diversion Capacity
irrigated Area at *iax Can.
project irriqation wells
project iotal pumps
iuximum Pump Demand

^Ui.ioer of System lurnouts
Turnouts / Mile of system
Irrigated Acres / Turnout
MeasureJ Turnouts piater Delivery Type — Rotation

..ater diverted, Lifted, or Pressurized with Project Pumps 0 I total
kiater Diverted, Lifted, or Pressurized with On-farm Pumps 3 % total
vab-'r Delivered at High Pressure by project 0 % total
Sprinkler Systems Pressurized by Project 0 % by Farms 100 %
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**********************************************************************

* *

* DANSKIN DITCH COMPANY *
* *

**********************************************************************

OPERATION AND MMNTENANCE COSTS

Adjusted 1977 Costs $ ;Vacre S/mile $/user $/af iOffJ %system

1977 o&m Assessment 22287 4.71 1.114 279 0.376
(1) Administrative costs 1548 0.33 77 19 0.026 14 14
(2) pater Control Costs 2061. 0.44 103 26 0.035 19 19
(3) Maintenance Costs 7156 1.51 358 89 0.121 66 66
(4) Annual Power Costs 0 0.00 0 0 0.000 0
(5) reservoir O&M Costs 99 0.02 5 1 0.002 1

Total O&M Costs (1+2+3) 10765 2.28 533 135 0.181 100 99
Total Project Costs (1+2+3+4) 10765 2.28 538 135 0.181 99
Total System Costs(1+2+3+4+5) 10364 2.30 543 136 0.183 100

PERSONNEL INFORMATION

Adjusted 1977 Costs $ $/acre $/mile %total

.Poiuinistrative Personnel Costs
water Control personnel Costs

Maintenance Personnel Costs
Total personnel Costs

i-ersomiel Labor Requirements manyears my/a my/mi %total

Administrative Labor 0.10 0.000021 0.005000 16
Pater Control Labor 0.20 0.000042 0.010000 32
Maintenance Labor 0.32 0.000063 0.016000 52

Total project Labor 0.62 0.000131 0.031000 100

Average personnel Cost (total $/total my) $ 11561 / year

031 0.186 44 12

5032 1.064 252 70

1.255 0.265 63 18

7168 1.515 358 0

MISCLITANEOd?

Adjusted 1977 Costs $ $/acre $/mi i0tf-1

Maintenance Ptaterials Purchased 352 0.18 42.60 3
Project vehicle & Eauip Deprec. 0 0.00 0.00 0
Hired venicle & Equip Deprec, 1000 0.21 50.00 9
iotal vehicle & Equip Deprec. 1000 0.21 50.00 9

1977 power Consumption 0 kwh 0 kwn/a 0 kwh/mi
1977 project Lower 'Costs $ 0 0.0000 $/kwh
1977 Crop Value $ 393000 189 $/a
1977 Crop value 15 $/af 65 S/af of ET
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**********************************************************************

* *

* WRLEY IREICWriOM DISTRICT *

******* ********************************** *********************** ******

\ jVI Irrigated teres 41440
1977 \ssessed teres 47204

Total System Length (miles) 267.0
t-rojoct lerimeter (miles) 51
Project Compactness Ratio 1.62
irrigated Acres / System "lie 155
Liter users > 20 acres 570

1977 PROJECT VATER USE

"ater Diverted to project
..Toepaqe losses
OoerJLional Dosses

Farm beiiverics

Effective precipitation

pnrm mnoff in Peturn Flow

Deep percolation
•vapotranspiration
Irrigation Requirement
project Peturn Flov.-
1977 Reservoir 3toraqe

Federal Origin
earliest Flow Right 3-26-19J3
Average Flow right 12-12-1909
iotal water Plow pigut 1 Pj7 cfs
mater Right ixity 35 a/eD:
psable Reservoir Storajc 197142 ai
Usable Reservoir Storaqe 4.76 af/a

AF AF/A %IUFLOK

235763 a.69 100

16377 1.12 20

14 366 0.35 6

175020 4.22 74

15742 0.3H 7

4799 0.12 •)

99830 2.41 42

96544 2.09 37

70401 1.70 30

19154 0.46 ij

14 3700 3.47 61

1977 project Conveyance Efficiency 74 i
1,77 project Application efficiency 40 %
15/7 Project Irrigation Efficiency 30 ri

iOPOCJlAPOY

'finest Irrigable elevation 4180 ft
owest Jrri.ianle Llevation 4140' ft

leva Lion Difference 40 ft

ievation biff. /System Mile 0.15 ft/mi
ievation Difference /Acre 0. 001 ft/a

.verage u:v., Elope 50% (0-3t) SO'i (3-10%)

AjvEYAwCF SY3TI

iotal System Lenath 207.0 miles
open channel 100.0 t

i ined cnannel 0.0 i
pipe 0.0 %
lined channel + pipe 0.0 fc

CanaL Motto I Area 421 acre.,

Janal Area / Irrig Area 1.02 l
aximuTi seepage Rate 0.9G ft/da\
aximum Diversion Capacity 1325 cfs

irrigated ^rea at vd:; Cap. 31.3 a/cfs
project irrigation iells 0
project 'Total limps 15
'axi:.u,- Pur.io Der.ano 130)0 ho

no Per of Systen Turnouts 350
iurnouts / lie of System 3.2
irrigated teres / 'Turnout 45
icasureb Turnouts 409

UECT SERVICE WW.

Average Farm size
Soil Loam
Averune Sail Depth
Ave Soil lOist Poldine Cao
gravity Irriqated Land
Sprinkler Irrioated Land
Assessed Land Irrigated (1977)

75 acre:.,

48 inche:

i.2 in/ft
39 <>

1 *

00 I

: !A'J'l:l;

liver or Canal 100.0 *

Groundwater 0.0 *

Other 0.0 8

\ ATI OfrnoL

number of pitcuriders 10

Irrigated Area / uitchriber 4144

dumber of rater Users / D.R. 57
System Length / D.R. 27
Turnouts per ditchrider 85
Turnouts Peasureo by D.R. 48 I
'turnouts Checked Daily 100 t
Averaqe Mileage / D.R. 70 m
D.R. Pilcaqe /System "lie 2.6

iter Delivery Tvpe — Continuous

lies

i/day
pd/mi

iater Diverted, Lifted, or pressurise.: with Project Pumps 100 I total
ater Diverted, Lifted, or pressurized with On-farm pumps 1 I total
ater Pclivere^i at [Jign Pressure by Project 0 i total

p.i. inkier Systems pressurized ey Project 0 t by Farms 100 *
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**********************************************************************

* *

* 3UPLEY IRRIGATION DISTRICT *
* *

**********************************************************************

OPERATION AND PAINTDJA.ICP COSTS

Adjusted 1977 Costs $ ?/acre $/milc $/user $/af %oai Isystei

1977 o&M Assessment 589746 14.2.3 2209 1035 2.501

(1) Administrative Costs 58369 1.41 21.9 102 0.248 13 10
(2) Pater Control Costs 116252 2.31 435 204 0.493 25 20
(3) Maintenance Costs 283199 6.63 1061 497 1.201 62 50
(4) Annual Power Costs 37630 2.11 3293 154 0.372 15
(5) Reservoir OSM Costs 22472 0.54 34 39 0.095 4

Total O&M Costs (1+2+3) 457820 11.05 1713 003 1.942 100 31.
Total project Costs (1+2+3+4) 545450 13.16 2043 957 2.314 96
Total System Costs (1+2+3+4+5) 567922 13.70 2127 996 2.409 100

PERSONNEL I ^FORMATION

Adjusted 1977 Costs $ $/acre S/mile fttotal

•vdTiinistrative Personnel Costs

Pater Control Personnel Costs

Maintenance Personnel Costs
Total Personnel Costs

Personnel Labor Requirements manyears my/a my/ni «total

Administrative Labor 3.00 0.000072 0.011236 11
Water Control Laoor 11.00 0.000265 0.041199 42
aintenance Labor 12.30 9.000297 0.046067 47

local Project Laoor 26.30 0.000635 0.098502 100

Average Personnel Cost (total pVtotal ray) $ 10976 / year

38116 0.920 143 13

101433 2.449 380 35

149050 3.597 558 52

288664 6.966 1081 0

MISCELLANEOUS

Adjusted 1977 Costs $ $/acre $/mi %0%M

Maintenance Materials Purchased 100081 2.42 374.34 22
L-'roject Venicle & Equip Deprec. 11538 0.28 43.21 3
Sired Vehicle fi Equip Deprec. 4217 0.10 15.79 1
'iotal Vehicle & Equip Deprec. 15755 0.38 59.01 3

1977 power Consumption 27470400 kwn 663 kwh/a 102885 kwh/mi
1977 Project Power Costs $ 87630 0.0032 $Awh
1977 Crop value $ 8621000 208 $/a
1977 Crop Value 37 $/af 100 $/af of CT
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**********************************************************************

* *

* A & 3 IRRIGATION DISTRICT *
* *

**********************************************************************

1977 irrigated Acres 730 50
1977 Assessed .teres 70796

petal System Length (miles) 10C.0
project jerimeter (miles) 110
Project Compactness Ratio 2.40
Irrigated teres /System Pile 415
pater Users > 20 acres 51.6

Federal Origin
earliest Plow Rignt 4 -1-1935
Pvoraae Flow Rignt 4 -1-1539
Total Pater Flow Rignt 267 cfs
''ater Rignt duty 277 a/ci;
Usable loservoir Storage 138393 af
usable reservoir Storage 1.87 af/a

1977 PROJECT WfEP USE

Pater Diverted to Project
Seepage Losses
durational Losses
Farm Deliveries

!ffective precipitation
Farm rtunoff in Return Plow

Jeep percolation
Pvapotranspiratior.
irrigation Ronuire.i-ent
treject Return Flow
L977 Reservoir Storage

AF/A fcLJFLOiV

232956 3.83 100

28335 0.32 3

1977 0.07 2

251094 3.44 90

26566 0.36 a

37701 0.51 .13

100825 1.37 36

115499 1.97 51

115567 1.56 41

42673 0.58 15

122289 1.00 43

1977 project Conveyance Lfficiency 90 I
1977 project Application efficiency 4 5 -t
1 J77 Project Irrigation efficiency 41 %

TOPOGRAPHS PROJL'CT SEPVICR AREA

lighest Lrriqaole llevation 4350 ft
,:jwest Irrigable Llevation 4150 ft
ievation Difference 200 ft
levation biff. / System mile 1.20 ft/mi
elevation Difference /Acre 0.003 ft/a
wera^c Land Slope 0* (0-3V.) 100% (3-10%)

CODVLYAUCE .MAM'

iotal System Lenqt
open channel
xinea clunnel

pipe
Lined cnannei

Sana! Pettea Area

Janai Area / irriq Aiea
aximum Seepage Pat:?
axiinu.il diversion

uri jated Area at
project frrigation Polls
project 'iotal pumps
'aximum Pump oa.:and
<a;u.or of py;te;n Turnouts

iurncuts / "lie of system
irri idte.i Acres / Turnout

'-•dourea Turnouts

piee

loo.o males
39.0 %
0.0 t

l.o i
L.o i

266 acre:.

0.36 %

0.67 ft/day
arxacity 1320 cfs
'ax COO. 55.9 a/cfs

177

191

34430 hp
700

4.2

106

700

Average Farm Size
Soil Iooii,

Average Soil beoth
Ave Soil 'oist Uoldinc Cap
Cravity irrigated Land
Sprinkler Irrigated L,and
Assessed Land Irriqated (1977) 95 I

PATE ObkCf:

Liver or Canal 15. 2 ?.

groundwater 80.8 *
Other 0, o a

PA'TLL CQ'ITROL

Mur.ber of Ditcnriuers

Irrigated Area / Litcnridcr
dumber of Water users / o.n.
System Length / D.R.
Turnouts per bitenrider

Turnouts doasurea o/ D.R.
'turnouts Chocked Daily
Averaoe '•'.ileage /D.R.
D.R. Mileage / System 'lie
Water delivery Type — Continuous

/ater Diverted, Lifted, or Pressurized witli Project pumps 100 % total
-.ater ''averted, Lifted, or Pressurized witli On-farm pumes 10 % total
,dter delivered at iligh pressure by project 0 £ total
Sprinkler systems Pressurized by project 0 % oy Parms 100 %

189

4) acres

60 incne

I. 2 in/ft
90 i

10 i

11

6714

4/

la

54

100 <•

130 I

60 mi/day
3.98 mpd/mi

mi lef



**********************************************************************

* *

* A & B IRRIGATION DISTRICT *
* *

*************************************************************** *******

OPERATION Af*} HAIUTEilAMCE COSTS

Adjusted 197 7 Costs $ 9/acro 3/milo $/user 5/af %Q&M %system

1977 OPM Assessment 1070820 14.50 0151 2075 3.734
(1) iduinlstratlve Costs 115410 1.50 701 226 0.411 15 10
(2) .'ater Control Costs 167271 2.27 10J3 324 0.591 22 L4
(3) [uintonance 9osts 453340 6.69 2375 957 1.745 61 41
(4) Annual Lower Costs 422731 5.72 2547 619 1.494 35
(5) Reservoir O&'l Costs 5650 0.08 34 11 0.020 0

Total O&M Costs (1+2+3) 777521 10.53 4634 1507 2.743 100 64
Total Project Costs (1+2+3+4) 1200250 16.25 7239 2326 4.242 100
total System Costs(1+2+3+4+5) 1205900 16.33 7264 2337 4.262 100

PPPSOUDEL INFORMATION

Adjusted 1977 Costs $ $/acre $/mile %total

Administrative personnel Costs 7975! 1.080 430 17
,atcr Control Personnel Costs 130502 1.767 795 23

.aintenance Personnel Costs

local tersonnel Costs

79754 1 080 480

130502 1 767 785

261004 3 534 1572

^712-0 0 ,381 2939

Personnel Labor Requirements manyears my/a my/ni %total

Administrative Laoor 6.00 0.000031 0.036145 14
».uter Control labor 3.20 0.000111 0.049396 15
Maintenance fabor 29.30 9.000404 0.179519 63
Total project laoor 44.00 0.000595 0.265060 100

Average personnel Salary (total $/total t.iy) $ 10710 / year

MISCELLANEOUS

Adjusted 1977 Pasts $ $/acre $/mi 101*1

-aintenance Materials Purchased 124001 1.69 747.43 16
Project vehicle & Equip deprec. 51035 0.69 307.74
oirea vesicle & Eauip Deprec. 4100 0.06 24.70 1
Total vehicle & Equip Deprec. 55133 0.75 332.44 7

1577 power Consumption 86011800 kwn 1165 kwh/a 510143 kwh/mi
1977 Project Power Costs $ 422731 0.0049 $Awh
1977 Crop Value 0 19106000 259 3/a
1977 3roo value 68 $/af 1.31 $/af of ET
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**********************************************************************

* *

* MILDER LOR LIFT [RRICATION DISTRICT *
* *

**********************************************************************

1/7 Irrigated Acres 13430
1977 Assessed Acres 13524

iotal System Lengtn (miles) 50.0
project Perimeter (miles) 30
project Compactness Ratio 1.34
Irrigate! Acres /System rile 270
,ut.er Users > 20 acres 05

L977 OJECT vATL'R USE

u'titer Diverted to project
Seepage Losses
Operational Losses
Farm Deliveries
Effective precipitation
Farm innoff in Return Flow

beep Percolation
Evapotranspiration
irrigation Requirement
project return Flow
1977 Reservoir Storage

bonfederal Origin
earliest Plow Right 11-14-1916
\verage Flow Right 9-15-1930
Total Water Plow Light 307 cfs
Water Right Duty M a/cfj
Usable reservoir Storage 90187 af
Usable Reservoir storage 6.6 9 af/a

AF AF A '« iFL

55573 4.20 100

354 3 0.63 15

1532 0.11 3

46498 3.45 82

401.0 0.30 7

4 379 0.32 g

24213 1.30 43

21655 1.61 30

17901 1.33 32

5911 0.44 10

7 4723 5.54 132

1977 Project Conveyance Efficiency 02 %
1977 Project Application Lfficiency 38 %
1977 project Irrioation Efficiency 32 %

lOPOCP'VdY

ibignest Irrigable elevation 4350 ft
Lowest Irrigable Llevation 4123 ft
Plevation Difference 222 ft
.levation biff. / System file 4.44 ft/mi
elevation Difference /Acre 0.0.16 ft/a
•\v >raqe Land Slooe 01 (0-3%) 100% (3-10*,)

20 JvL.YAdCE SYSTF

Totai System Length
open channel
lined channel

cipe
lined channel + pipe

Canal petted Area

Canal Area / lrrig Area
Maximum Seepage Rate
aximum elvers ion Capacity

irrigated Area at Ox Cap.
project Irrigation Pells
project total Pimps
Maximum Pump Denand
lutiber of System Turnouts
turnouts / Mile of System
irrigated Acres / rurnout 52
leasured Turnouts 255

50.0 miles

'J 2.0 1

0.0 %

8.0 %

8.0 i

73 acres

0. 54 %

0.95 ft/dav
296 cfs

4 5.5 a/cfs

1

50

5510 n p

260

5.2

>RCUECT SERVICE AREA

Average Farm Size 163 acres
Soil Silt Loam

Averacje Soil Depth
Ave Soil "Dist Molding Cap
Cravity irrigated Lana
Sprinkler irrigated Lane
Assessed Land Irriqated (1377) 100

'MATER SOURCE

Liver or Canal 99.3 t
Groundwater 0.2 %

Other 0.0 i

WATER CONTROL

Aumber of ditchriders
Irrigated Area / ditchrider
Number of Pater users / D.R
System Length / d.l.
Turnouts per Ditchrider
Turnouts Pleasured by D.R.
Turnouts Checked Daily
Average Mileage / D.R.
D.R. Mileage / System Mile
gator delivery Type — Continuous

48

?.. 4

99

1

meno-

in/ft

6740

4 3

29 miles

130

98 I.

10 0 1

4 5 mi/day
1.80 mod/mi

ater Diverted, Lifted, or pressurized with project pumps 100 %total
vater diverted, Lifted, or Pressurized with On-farm Pumps 1 * total
-ater delivered at high pressure by Project 0 * total
Sprinkler Systems pressurized my Project 0 '6 by Farms 100 i



**********************************************************************

* *

* MILNEP LOR- LIFT IRRIGATION DISTRICT *
k *

**********************************************************************

bPLLiATIOM AND MAIMTLPAPCL COSTS

Adjusted 1977 Costs $ 9/acre $/mile $/user $/af *0&9 tsystei

19/7 0ff1 Assessment 160959 11.94 3219 1394 2.845
(1) Administrative Costs 18294 1.36 366 215 0.323 14 9
(2) Pater Control Costs 20508 1.52 410 241 0.363 16 11
(3) maintenance Costs 93074 6.90 1861 1095 1.64 5 71 48
(4) Annual Power Costs 53855' 4.37 1177 692 1.040 3d
(5) Moservoir O&M Costs 3331 0.25 67 39 0.059 2

Total O&M Costs (1+2+3) 131876 9.7-9 2539 1551 2.331 103 68
local Project Costs (1+2+3+4) 190734 14.15 3315 2244 3.371 93
IOtal System Costs (1+2+3+4+5) 194065 14.40 3391 2233 3.430 100

PERSONNEL INFORMATION

Adjusted 1977 Costs $ 5/acre $/mile %total

Administrative i-ersonnel Costs

dator Control rersonnel Costs

Maintenance Tersonnel Costs

Total rersonnel Costs

Personnel Labor Requirements manyears my/a my/mi itotal

Administrative Laoor 0.40 0.0000 30 o.008000 9

-ater Control Labor 1.30 0.000096 0.026000 29

daintenance tabor 2.B0 0.000208 0.056000 62
'iotal project Labor 4.50 0.000334 0.090000 100

Average Personnel Cost (total $/total my) 5 14713 / year

7019 0.521 140 1L

17942 1.331 359 27

41246 3.060 325 62

66207 4.911 1324 0

TSCELLAdLOdS

Adjusted 1977 Costs $ 3/acre ?/mi '60-&R

aintenance "aterials r'urchased 20856 1.55 417.12 16
-reject vehicle & equip Deprec. 18476 1.37 369.52 14
Tree vehicle & Pquip Deprec. 0 d.00 0.00 0
iocai vehicle & Eguip Deprec. 18476 1.37 363.52 l-»

D77 poi/er Consumption 10632200 kwh 792 kwh/a 213644 kwii/mi
1977 Project Power Costs $ 53353 0.0055 5/kwh
1.377 Pro. value $ 3232000 243 S/a
1377 2rop value 58 $/af 151 $/af of PL



*******,It******** ********************************************** ********

* *

* NORIUSIDE CANAL P'PAPV *
* *

**********************************************************************

1J77 irrigatea Acres 14V34C
11/7 Assessed Acres 149340
Total System Length (miles) 755.0
project perimeter (miles) 140
project Compactness Ratio 2.15
Irrigated Acres /system Mile 198
P.iter Users > 20 acres 1100

1077 PROJECT USE

rater Diverted to Project
Seepage Losses
operational [oases
Farm deliveries

Effective Precipication
Parm runoff in return Plow
jeep percolation
Lvapotraaspiration
ir rigation Roquire.ment
troject Return Flow
lj/7 Reservoir storage

lonfeaeral Origin
Earliest Plow Right 10-11-1900
Average Flow Right 4-15-1910
Total Water Flow Rignt 4560 cfs
Water Rignt duty 33 a/cis
usaole reservoir storage 546987 at
Usable Reservoir Storage 3.66 af/a

AF AF/A %IWFLOD

794939 5. 32 100

235012 1 o-> 36

2307 0. 02 0

3 Kill 3 39 64

26181 0 18 3

25262 0 17 3

L8U414 1 21 23

331056 2 25 42

3A0435 2 .01 30

230S9 0 .19 4

572336 3 .33 72

1977 project Conveyance Efficiency 64 I
IJ77 project Application Lfficiency 59 I
1577 project irrigation Efficiency 33 t

OGRAP0!

li'ihest Irrigable elevation
jov/est Irrigable Elevation
llevation difference

levation ciff. / System '-tile
levation Difference / Acre

\vorune Land iJLooe 20% (0-3%)

ZX) JvCYAtCR SYSTP'

4134 ft

3120 ft

1014 ft
1.3^ ft/mi

0.007 ft/a
80* (3-10i)

eotal System Length
open cnarmel
J ined caannel o.
ope 0.6 %
lined channel + pipe 0.0 %

panaL .,-etto. Area 2642 acres
danal ^.'aa / Irri; Area J.77 i
aximu.i seepage Rate 0.03 ft/day
'idximum Diversion Capacity 4050 cfs
Irrinated Area at 'ax 'Cam. 36.9 a/cfs
project Irrigation .'ells 0
project iotal pumos 0
laximun Puma Demand 0 hp
iumoer of Systeiti 'Turnouts 2970
Turnouts / uie of Svdte;i 3.9
Irrigated Acres / rurnout 50
oasureo Turnouts 2970

755.0 miles
99.4 -,

n •> *.

PROJECT MA/ICE AfC

Average Farm Si2e 136 acres
Soil Loam
Average Soil Depth 43 incliet
Ave soil oist holding Cap 2.0 in/ft
Gravity Irrigated L,and 70 i
Sprinkler Irrigated Land 30 V
Vidt-osed Lmnu irrigated (1577) 100 i

?ATER SOURCE

liver or Canal 100.0 I

"Mrouniwatcr 0.0 %

Other 0.0 6

WATER CONTROL

duaber of bitcnrluers
irrigated .Area / pitenrider
lumber of Pater dsers / E.R.

System Length / D.R.
iurnouts oer Ditchrider
Turnouts teasured i^y D.R.
Turnouts Checked Daily
Average Mileage /D.R.
D.R. mileage / System pile
Pater Delivcrv Tyoe — Continuous

22

0 705

50

34

135

100

100

4 5

1.31

riles

mi/day
mod/mi

•Water diverted, Liftej, or pressurized with project pumps 0 %total
,dter River ted, Lifted, or Pressurized with On-farm Pumos 21 %total
...iter Telivcred at high pressure by Project 0 1 total

optinkier Systems prossurizeO oy Project 9 t oy Farms 100 \
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**********************************************************************

* *

* NORTHSI0E CANAL COMPANY *
* *

********************** ********* ***************************************

JPERATIQJ AMD MAIdTRW^ !C!" COSTS

adjusted 1577 Costs $ 3/acre $/milc $/user 3/af %0£M isyster

li/7 O&M Assessment 096003 6.00 1197 515 1.127
(1) Administrative Costs 91635 0.61 121 33 0.115 11 10
(2) Pater Control Costs 176297 1.18 234 160 0.222 20 20
(3) Maintenance Costs 592020 3.96 734 533 0.745 69 66
(a) \nnual Power Costs 0 0.00 0 0 0.000 0
(5) Reservoir O&M Costs 34749 0.23 46 32 0.044 4

Total O&M Costs (1+2+3) 860005 5.70 1139 732 1.032 100 96
ratal Projecc COsts (1+2 +3+4) 860005 5.76 1139 732 1.052 96
'iotal System COsts (1+2+3+4+5) 894754 5.99 11.35 813 1.126 100

PERSONNEL INFOR?JVTTON

Adjusted 1977 Costs $ -5/acre $/mile %total

Administrative Personnel Costs

ater Control personnel Costs

Maintenance Personnel Costs

Total Personnel Costs

38832 0.260 51 8

13093 3 0.871 172 26

337361 2.259 447 0 7

506276 3.390 671 0

Personnel Labor Requirements manyears my/a my/mi *total

Administrative Laoor 3.50 0.000023 0.004636 G
water Control laoor 19.70 P.000132 0.026053 36
maintenance labor 30.90 0.000207 0.040927 57
iOtal .Project Labor 54.10 0.000362 0.071656 100

ivcraje personnel Cost (total $/total my) 3 9358 / year

[MISCELLANEOUS

a.jjusted 1977 Costs $ 9/acre ?/roi ^,0rPM

Maintenance iPiterials purchased 59lol 0.60 119.34 10
project vehicle f< Equip deprec. 49762 0.33 05.91. 6
Mirea vehicle & Equip Deprec. 0910 0.06 11.30 1
Total vehicle & Equip Deprec. 58672 0.39 77.71 7

1377 Power Consumption 0 kwh 0 kwh/a 0 kwh/mi
1377 project Power Costs, C 0 ...0000 $/kwh
1977 ;rop value $ 41039000 275 0/s
1J77 Croo Value 52 $/af 122 S/af of ET
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**********************************************************************

* *

* ROOD RIVER VAPLLY IRRITATION DISTRICT *
* *

**********************************************************************

LP/7 Irrigated Acres 48 50
1977 Assessed Acres 8010
iota! System Length (miles) 22.0
project perimeter (miles) 18
Project Compactness Patio 1.54
Irrigated Petes / System file 220
jtor users > 20 acres 34

1977 RDOJPCT PM'Li: USE

Pater Diverted to project
Soeoaqe Losses
Oper a t iona 1 Losse s
Farm deliveries
iffestive precipitation
earm Runoff in Return Plow

Deep Percolation
Lvapotranspiration
irrigation Requirement
[project Return Plow
1977 Reservoir Storage

Nonfederal origin
Earliest Plow Right 6-10-1390
Average Flow Right 1-10-1909
Total Water Flow Right 623 cfs
Piter Right Duty 3 a/cfi

Usable Reservoir Storage 0 af
dsable Peservoir Storage 0.0u af/a

AF AF/A 4IMFU

46 349 9.60 100

11060 2.23 24

0 0.00 0

35489 7.32 76

2 357 0.40 r
.9

0 0.00 9

25307 5.32 55

11302 2.4 3 "M~,

3632 2.00 21

0 0.00 0

0 0.00 0

1977 project Conveyance Lfficiency 76 %
19/7 Project Application Efficisncy 27 1
19/7 Project Irrigation Lfficiency 21 %

iOPOGRAPflY

digncst irrigable llevation
powest Irrigaole Llevation

Leva t ion pi f fere nee

elevation biff. / Jystem Mile
levation Difference / Acre

Wcrcce l.^v. Slooc 100s (0-3*1

5095 ft

5020 ft

75 ft

3.41 ft/mi

1.015 ft/a
0% (3-10*)

C )dVEY.AUCE

Total lystod Length
open channel
J ined channel

i 'ipe
lined channel + pi»e

2anal A'Ctted Area
panal Area / Irrig Area

uxi»t.un See[>ugc 1D to
iuximur. diversion Capacity
Irrigated Area at "ax Cap.
Project Irrigation Wells
project iotal Pumps

iximuni pump Demand
liUuider of Systein 'Turnouts
Turnouts / Mile of system
irrigated Acres / lurnout
• ieasured Turnouts

22.0 miles
100.0 t

0.0 P

0.0 i
0.0 %

49 acres

0.32 5

3.10 ft/day
615 cfs

7.9 a/cfs

0

0
ri
{

42

1.9

115

42

ho

PROJECT SERVICE M'RA

Average Farm Size 204 acres
.'Oil Silt Loam
Average Soil Depth 30 inches
Ave Soil poist [folding Can 2.4 in/ft
Gravity irrigates land 53 t
Sprinkler irrigated Land 42 *
Assessed Land irrigated (1977) 01 „

WATER SoURCf

River or Canal 50.7

G round wa te r 4 3. 3
Other 0.0

;PTLi? COtiTIDL

dumber of Ditchriders
irrigated Area / Ditchrider
dumber of Pater Users / D.R.
System Length /D.R.
Turnouts per Ditchrider
Turnouts Measured ay D.R.
Turnouts Checked daily
Average 'lleage / P.P.
d.R. 'lleage / System lie

1

4050

34

22 miles

42

100 '4

loo v

GO mi/day
2.73 mod/mi

'ater Pelivery 'type — Continuous

.'ater Diverted, Lifted, or Pressurize with Project Pumps 43 %total
later Diverted, Lifted, or pressurized ..itn Oi-farm Rumps 43 I total
.ater Delivered at High pressure by Project 0 I total
p.rinkier Systems Pressurized by project 0 i by Farms 100 %

195



**********************************************************************
*

POOP FIVER GALLEY. IPPICATIOM DISTRICT *
*

**A•****A************************ ********** ********************** ******

UPERATIO-I Add MAIiW.MA;CP COSTS

~"qju3ted~1977 Costs $ $/acre $/mile $/user $/af ^ iO&9^ _*^tej^
^'l^T^^^^^ 9128~ 1^ 415 268 0.196
(1) Administrative Costs 1023 0.21 47 30 0.022

2) Mater Control Costs 4761 0.93 216 140 0.102 34 34
3 maintenance Pasts 0315 1.72 373 245 0.179 59
4 \nnual lower Costs 0 0.00 0 0 C.C0U

is! .rservoir 0&M Masts 0__0.00 3 JLJi^L-^—^JL
^tarr*rs™ 2.91 «i 415 0.303 100 loo
total Project Costs (1+2+3+4) 14103 2.91 G41 415 0.303 100
Total Systeu Costs(1+2+3+4+5) 14105 2.9.1 o41 415 0.303 _ 1X>

PERSONNEL INFORMATION

Anjus^7l977l:ostr~ $ $/acre $/ndle Stotal

Administrative personnel Costs
,ater Control tersonnel Costs

Maintenance personnel Costs
Total personnel Costs

personnel Labor Requirements manyears mv/a my/ni *total

^^t^b^U^T" °-i)5 0.000010 0.002273 6
Mater Control Labor 0.50 0.000103 0.022727 62
Maintenance Labor 0.25 0.000054 0.011813 32££?££* Ubor 0.31 0.000167 0.036313 100
Averaae Personnel Cost (total t/total my) $ 9532 / year

Adjusted 1977 Costs

355 0.073 16 •d

4164 0.859 189 54

3202 U.660 146 41

7721 1.592 35.1 0

MISCELLANEOUS

$ S/ocre 0/mi %01M

aintenance Materials purchased 551
project Vehicle &Equip Deprec. 0
hired veaicle u Equip Deprec. 1650
iotal vehicle & Dauip Deprec. 1650

0 11 -3. 05 4

0 .00 0, 00 0

0 .34 75. 00 12

0 .34 75 00 12

«•
===== KS== SSS3E==== =

=-=

j kwl /£ 0 kwh/ mi1977 power Consumption 0 kwn
1577 project Power -Costs $ 0 -.0000 $Awh
L977 Srou value $ 808000 L67 $/a
1977 drop value 17 $/af 68 $/af of L'l



********************************************************************^*

*

* SAiPOd RIVER CANAL CO. LTD. *
*

**********************************************************************

15/7 irrigated Acres 19770
1977 \ssessod .Acres 33400
Total System Length (miles) 109.0
Project Perimeter (miles) 54
project Compactness Patio 2.02
irrigated Acres / System file 181
?ater Users > 20 acres 174

1977 PfiDJECT NATLP USE

. ater diverted to Project
Seepage fosses
operational Losses
Farm Deliveries
Effective precipitation
Farm Runoff in return Flow
Deep Percolation
! v a •>otr a nspir a t ion
Irr iga tion Requirement
Project return plow
1977 Reservoir Storaqe

Federal Origin
earliest Plow Right 12-29-1906
Average Flow Right 2-15-1908
iotal Pater Flow Rignt 2850 cfs
Mater Right Duty 7 a/cf;
Usable Reservoir storage 150309 uf
Usable Reservoir Storage 9.10 af/a

AF AF/A tldPLOP

75956 3.34

27953 1,.41
0 0,,00

17998 2.,43

6485 0. ;1

0 0.,00

20989 1.,06

31326 1,,61
27009 1, 37

0 0.,00

30000 4.315

100

37

0

63

5

0

28

42

36

u

105

1)77 project Conveyance Lfficiency 63 %
19/7 project Application Efficiency 56 I
15/7 Project Irrigation Lfficiency 36 %

luPuGRAPHY

Oighest Irrigable Llevation
Lowest Irrigable Llevation
: Leve t ion Dif f'e re nee
lev i tion biff. / System Mile

Llevation Difference / Acre
\vcrage Land Slope 50% (C-3.M

4990 ft

4005 ft

505 ft

5.04 ft/mi
1.050 ft/a

501 (3-lU%)

CONVEYANCE SYSTCM

rotul System Length 109.0 miles
open channel 91.o *
lined channel 1.0 4
pipe 9.0 I
lined channel f sloe 10.0 t

danai Jetted Area 293 acres
Janal Area / irrig Area 1.48 *
aximum Seepage fate 0.98 ft/day
laximuui Diversion Capacity 705 cfs

irrigated Area at .ax Cap. 20.0 a/cfs
• r iject Irrigation (ells 0
Project Total Pumps o
'aximum Pump Demand 0 no

dumber of System 'Turnouts 520
Turnouts / "lie of System 4.8
irrigated Acres / Turnout 33
ieasured Turnouts 520

PROJECT SERVICE ARPA

Average Fan;. Size L70 acres
Soil—silt Loan
Average Soil Depth 35 inches
Ave soil 'Oist Molding Cap 2.5 in/ft
gravity Irrigated Land 91 *
Sprinkler Irrigated Land 9 i
Assessed Land Irrigated (1577) 59 %

IMEP SOURCE

Liver or Canal 100. 0 %
Groundwater 0.0%
Otner 0. 0 1

:iATLP CONTROL

Number of Ditchriders
Irrigates 'urea / Ditchrider
dumber of 'ater users / D.R.
System length / D.R.
Turnouts per uitenrider
Turnouts Measured oy D.R.
Turnouts Checked Daily
Average Mileage / D.R.
D.R. Mileaqe / System Pile
p'ater Deliver/ Type — Continuous

7

2324

25

16 miles
74

100 I

100 i

43 mi/day
2. 7o mod/mi

.ater diverted, Lifted, or Pressurized with Project Pumps 0 « total
Pater diverted, Lit'tee, or pressurized »/ith On-farm Pumps 6 %total
.ater delivered at '{ion pressure by Project 0 %totai
sprinkler Systems Pressurized by project o t by Farms 100 %



********************************************************* ****** *******

* *

* 3AL"OM RIVER CANAL CO. LTD. *
* *

*X*A***************************************,***************************

.PATIO. ADD [AIMTLPM ;Ci: OS MS

Adjusted RL/7 costs 0 5/acre ?/mile ?/user 5/af da' tsystc

1977 o&r Assessment 153341 9.80 1775 1114 2.352

(1) fctninistcative Costs 54165 2.74 49/ 311 0.713 25 23
{'.:) Muter Control Costs 33451 1.69 3)7 192 0.440 13 17
(3) 'aintenance Costs 99316 5.02 ill 571 1.305 33 51
(4) Annual tower Costs 0 0.00 9 0 0.000 0
(3) lescrvoir o&M Posts 5700 9.34 61 39 0.038 3

total oil Coats (1+2+3) 136332 9.46 1715 1074 2.161 100 97
IwLai rrurject Costs (1+P2+3M) 186932 9.45 P715 1074 2.401 )1
iotal System Costs (1+2+3+44-5) ] 93632 3.79 177C 1113 2.545 13)

ePMOPJLL INFORMATION

.Adjusted 1/77 Costs 5 $/acre $/mile 4total

Administrative Personnel Costs
pater Control Personnel Costs
.'aintenance Personnel Costs

Total Personnel Costs

23563 1.192 216 24

24141 1.221 221 24

50348 2.572 466 52

93552 4.985 904 0

corsonnel Labor Requirements manyears nty/a my/mi fetotal

Administrative Laoor 2. CO 0.000101 8.018349 19

later :cntcol tabor 3.53 o.000154 P. 338303 3 5
.cintonanco Labor ^.^i 0.000246 3.0446 79 46
iotal reject Laoor 10.50 0.000531 0.096330 100

Average Personnel Cost (total ;Vtotal my) $ 938u / year

"ISCELLAMEOUS

Adjusted 1977 costs $ 3/acrc $/n.i 408

aintenance oteriaLs purchased 25375 1.20 232.?C 14
rroject vehicle 5. Eouio Deprec. 17557 0.99 161.07
IreJ Vehicle & Lauij
lotai vehicle 6 nmui;

prec. 2465 0.12 22.51 1

prcc. 20322 1.01 183.69 11
SSSSSSBSSSXSSS:asssssssasssssssssssasrsss;

C kwi; 0 kwh/a 0 kwn/mi
0 1.0000 $/kv.n

3353000 195 ?/a
51 ofat 121 $/af of ET

1577 Power Consumption
1977 Project Power 'posts
19 77 Crop value

Id77 Crop value

lQfi



**********************************************************************

* *

* CEDAR rM5A RESEIVOtR < CAMAL CO. *
* *

************************************************************ **********

1977 irrigated Acres 4030
1977 Assessed Acres 5000
Total pyster, length (miles) 1.1.0
project Perimeter (riles) 1.8
project coinpactness Ratio I. 76
Irrigated Acroo /system Pile 366
atet. users > 2'J acres 10

.onfederal Origin
parliest Plow Right 5 -1-1894
Average Plow Right 5 -1-1994
iotal Rater Plow Rignt 5 cfs
i ater 'light duty 46S a/cf:
Usable Reservoir storage 30090 af
usable Reservoir Storage 7.44 af/a

1977 PROJECT OATRL: USE AF AF/* IINFLOK

Water Diverted to prdject 17043 4.23 100
Seepage losses 52 71 1.31 31
boerational Dosses 0 0.00 0
Pari;, Deliveries 11773 2.92 69
infective Precipitation 1039 0.42 19
Farm Runoff in Leturn Flow 0 0.00 0
beep Percolation 4336 1.21 29
Lvapotranspiration 8663 2.15 51
irrigation Peauiremcnt 6331 1.71 40
Project Pcturn Plow 0 0.00 0
1977 Reservoir Storage 17050 4.23 100

li/7 Project Conve/anee efficiency 69 %
1977 Project Application Lfficiencv 59 I
111 1 Project irrigation efficiency 40 %

P)PDGP\PMY

niqhest irrigable Elevation 4630 ft
Lowest Irriqaole Elevation 4355 ft
.devotion difference 325 ft

Llevation Iff. / System *'iie 29.55 ft/mi
Llevation Difference / Acre 0.081 ft/u
werage Land Slope 100% (0-3T) 0% (3-10*)

500 acres

PKoJRCr SFRVICE ARLA

Average Farm Size
Soil Silt Loam

Averaae Soil Depth
Ave soil Moist ;jolaing Cap
gravity Irrigated Land
Sprinkler irrigated Land
Assessed Land Irriqdted (lv77) 31 I

20 JVRYA'VC;-' SYSTEM

lOtai System length 11.0 miles
oocn channel 57.9 v

lined channel 5.5 i
firm 1 "> ~> •••

lined channel r pipe 16.7 %
Canal Petted Area 14 acres

.dual Area / Irrig Area 0.34 "i
laximun Seepage Rite 0.60 ft/day
!axi.:ium diversion Caoacity 103 cfs
irrigated Area at "ax Cap. 38.4 a/cfs
project Irrigation Pells 0
froject lotaL pumos 0
iaximum Puma Demand 0 hp

dumber of System turnouts 30
Turnouts / Mile of Vstem 2.7
irriqated acres / Turnout 134
Measured mrnouts 30

PA TCP soupcl

River or Canal 100.0 I
groundwater 0.0 %

Other 0.0 i

35 inchc
2.5 in/ft
LOO *

0 I

MATLP CONTROL

duiiber of Ditchriders 1

Irriqated Area / ditchriaer 4030
dumber of Pater users / D.R, 10
System Length / D.R. 11 miles
Turnouts oer bitenrider 30
•Turnouts Measured oy D.R. 100 h
Turnouts Checked Daily 100 I
Average Mileage / p.p. 100 mi/cay
D.R. Mileage /System '-lie 9.09 mpd/mi
Pater Delivery Type — Continuous

-ater Diverted, sifted, or pressurizee with Project Pumps 0 % total
ater diverted, Lifted, or Pressurizes with On-far n Pumps 0 I total
ater Leli-vsred at sigh pressure oy Project 0 $ total
Sprinkler Systems iressurized by project 0 % by farms 100 %



**********************************************************************

* *

* CEDAP MESA RESEPVOIF! a :AdAL CO. *
* *

*****************************************.*****************************

dPLLATIO; Add MPTLMA ICE C9ST5

djjusted 1977 Costs $ 3/acre 3/mile 3/user $/af fcOfiH Isyste.;

1977 jk\ \ssessment

(P "•....'..;iltiistrative COsts

(2) iter Control Costs
(3) aintenance Costs
(4) \nnuai Power 'Pasts
(5) leservoir OSM Co.^tc,

iotal O&'l Costs (1+2+3)
Total crsject pjsts (1+2+3+4)
iotai System costs (H2+ 3+4+5)

30000 7.44 272 7 3000 1.760

4502 1. 12 409 4 50 0.264 23 2 J

519 L 2.20 die 919 0.539 4 7 46

5724 1.42 520 572 0.336 •yc\ 29

0 0.90 0 0 0.000 0

400 9.10 36 40 0.023 _

======= =====================:========= ==========: = ==:

19417 4.82 1765 1942 1.139 100 98

19417 4.32 1755 1542 1.133 98

19817 4.32 1.592 1932 1.162 109

PELSuWEL INPOlWTIOu

Adjusted 1377 Costs 9 3/acre 9/mil.c fetotal

Administrative Personnel Costs
.eter ,'ontrol L-ersormel Costs

"aintenance Personnel Costs

ratal personnel Costs

personnel fabor Leeuirements aianyears my/a my/ni fttctji

Administrative rabor 0.25 0.000062 0.022727 28
„ater Control Labor 9.50 0.000124 0.045455 56
'aintenance laoor 0.15 3.000037 0.013636 17
total project Labor 0.90 0.000223 0.081818 100

Average Personnel Cost (total 07total my) 5 10793 / vear

2058 0.511 187 21

0024 1.495 543 62

10,32 0.405 140 17

5714 2.410 533 0

MISCELLANEOUS

Adjusted 1977 Costs ? 5/acro $/ni Wt

a intonance Materials Purcnased 1386
Project venicle & Equip Deprec. 0
liireo venicle s Dguip Deprec. 1440
lOLal vehicle s imuip Deprec. 1440

0.34 126.00 7

0.00 0. 00 U

0.36 131.45 7

0.36 131.45 /

1,7/ I'ower Consumption 0 kwh 0 kwh/a C kwh/Ea.
1377 Project .o,ver Costs 0 0 0.0000 5A*n
It77 Pro- value ? 332000 231 5/a
1977 Sroc value 55 $/a£ 103 9/af of ET

200



r ***** ********************************************************** ******

t *

'• SELL RAPIDS MJTUAL IRPlCATIbbi OP. *
t *

lr* **************** ******************************************** ********

1577 irrigated Acres 25520
i ill Assessed Tores 25327
L'otal .ante, Length (ndles) 119.0
project perimeter (miles) 47
project Compactness Ratio 1.75
.irrigated -ores /System rile 214
iter users > 20 acres 15

:7 7 PROJECT vJA

Mater Diverted to Project
coOuqc Losses

operational fosses
Farm Lei ivories
Effective Precipitation
Farm Runoff in return Flow

ueep Pereolation
Lvapotranspirat ion
Irrigation Reguirement
Project return Flow
19/7 Peservoir Storaqe

confederal origin
Earliest plow Rignt 2 -3-13d i
Average flow right 2 -3-1554
rotal Pater Plow Pigat 573 cfs
ater Right Duty 4 5 a/cf:

Usable leservoir Storage 0 af
Usaole Reservoir Storage 0.00 af/a

AF/A UMFLdM

06911 (2, ri

5435 Pa.-21"

0 0. 00

01472 2. 41

5072 0. 20

0 0 00

24635 0 3 7

41214 1 61

35333 I 44
o 0 00

92

P

0

.37

62
r c

1977 Project Conveyance Efficiency 92 %
1977 Project Application Lfficiency 60 I
1)11 project Irrigation Efficiency 55 i

lOPOCRAPHV

Udiiebt irrigaule Llevation 3500 ft
.owest irrigable novation 3030 ft
levation difference 470 ft
levation Diff. / System lie 3.55 ft/mi
ievation Difference / Acre 0.013 ft/a

v/craec Lanl Slooe 0% (0-3%) 100% ( 3-10'-',)

COdVEYAiCE SYSTEM

total System Lenntn 119.0 miles
open endnnei 9.3 *
line.i channel 0.1 h
,-dpc 90.7 I
lined oiannel f pipe 90.8 I

amiai ietted Area 6 7 acres

."anal Area / Irrig Area 0.26 h
aximUii Seepage rate 0.60 ft/day
aximum Diversion Capacity 432 cfs

Irrigated Area at "ax Cap. 59.1 a/cfs
project irrigation 'Molls 0
project 'iotal pumps 90

aximun Pump ixmiand 50335 ho
i,u:ibcr of pete;; Turnouts 41
turnouts / lie of system 0.3
irrigated Acres / Turnout 622
Measured Turnouts 0

PROJECT SERVICE APEA

Average Farm Size 1700 acres
:;oil—silt loam

wcragc Roil Depth 35 incne:
Ave foil Moist Holding Cue 2.5 in/ft
Gravity Irrigated band 0 I
Sorinkler Irrigated Land 100 %
Assessed Laiid irriqated (1577) 99 i

PATER 'SOURCE

Liver or Canal 100.0 'i

groundwater 0.0 %

Other 0.0 %

iaulm7: co.jitol

a umber of .'itenriders 5
Irriqated Area / ditchrider 4253
dumber of 'ater Users /p.p. 3

System Lengtn / D.R. 20 miles
Turnouts per oitenrider 7
Turnouts ""ensured by D.R. 0 I
•Turnouts Checked Daily 100 t
Average 'lleage / d.R. 115 mi/day
D.R. 'lleage / System file 11.34 mug/mi
Mater Lelivery Type — Continuous

eater diverted, Lifted, or pressurized with Project Pumps 100 * total
Later diverted, Lifted, or Pressurised with On-far:;, Pumps 0 % total
.ater Delivered at nigh Pressure by project 100 '5 total
Sprinkler Systems Pressurized oy project 100 i my Farms 0 %

201



**********************************************************************

* *

* BELL RAPIDS MUTUAL IRRIGATION CO. *
* *

**********************************************************************

OPERATION Add IAldTLMA iCS COSTS

Adjusted 1977 Costs $ $/acre $/mile S/user ?/af

1977 OitM Assessment 1673750 65..7S 14107 1.11917 25.085
(I) Administrative Costs
(21 Mater Control Casts
(3) 'aintenance Costs
(4) winual Power Costs
( 5) •: e a j r voi r 5 >'. i Jos t s

Total 'A\ Costs (1+2+3) 310314 12.16 2609 20683 4.630 100 20
Total project Costs (1+2+3+4) 1556450 61.33 13153 104430 23.41! 100
iotal Vstem Costs (1+2+3+4+5) 1566450 61.33 13563 104430 23.411 100

50015 2.35 504 4001 0.397

63612 2.69 577 4574 1.02.6

13168 7 7.12 1527 12112 2.715

1256140 4 9.22 1055 j 33743 13.773

0 0.00 0 0 0.000

tfl *system
=====:=======

13 4

22 4

59 12

BO

PLOSOTJDL INFORMATION

1977 Costs $ $/acre $/mile *total

ijministrative Personnel Costs
.'ater Control Personnel Costs

aintenance Personnel Costs
,otui Personnel costs

1178 3 0.462 99 10

53579 2.295 ^92 4 7

53163 2.033 44 7 43

123530 4.841 1038 0

Personnel laoor ieauirem.ents menyears ay /a my/ni itotal

Administrative Laoor 0.60 0.000024 0.005042 6
dater Control Labor 4.10 0.000161 0.034454 41

Maintenance Labor 5.25 0.000206 0.044118 53
total Project Labor 9.95 0.000390 0.083613 100

Average tersonnel Cost (total $/total my) $ 12415 / year

t"I SCELLPu JECU S

\djusted 1577 Costs $ "/acre $/mi %Q%

aintenance otcriuls Purchased 97351 3.52 810.4] 31
•reject venicle h Equip Deprec. 11.543 0.45 97.89 4
lired Venicle & Equip Deprec. 0 0.00 0.00 0
Otal Venicle & Equip Decree. 11649 0.45 57.35 4

1977 power Consumption 80285600 kwh 3146 kwh/a 674668 kwn/mi
1.//7 project Power Costs $ 1256140 U.0)^L£Awn
1377 Croc value § 15062000. ^ (||^?|
1377 Crop Value 225 S/af , '~365 o/a£ of CT

?n?



************************** ********************************************

* *

* KING 3ILL [RPIGATl-Ji! DISTPICT *
* *

************************************************************ ** ** ******

19 77 I r riga te.i zeros 11000
1)77 Assessed Acres 10321
iotal System Fengtn (i.lles) 83.0
Project perimeter (riles) 30
project Compactness Patio 4.17
irrigated Acres /System File 133
i."ater Users > 2J acres 5 5

L977 PROJECr WATER USE

..ater diverted to project
Seepage losses
dperational losses
Farm Deliveries
iffactive Precipitation
tatiu runoff in Return Flow
Deep percolation
bvapotranspiration
irrigation Requirement
Project Return Flow
1977 deservoir Storaqe

Federal Origin
Earliest Plow Bight 6 -1-1908
Average flow Rignt 7-10-1906
Iotal water Flow Right 30.. cfs
ater Right Duty 37 a/cfs

dsaole reservoir Storage o af
dsable Leservoir Storage 0.00 af/a

AF AF/A UAFLO!
=======;:======== ===: = =- :

111925 10.13 100

30119 2.74 27
I 7690 1.61 16

54116 5.33 57

2037 0.13 2

35741 3.34 33

29407 2.57 z/"1

27363 2.49 24

17630 1.61 16

0 0.00 0

1377 Project Conveyance Lfficiency 57 'i
1977 Project Aopiication Efficiency 43 %
1.-77 eroject Irrioation Lfficiency 24 -t

0POGEA ;Y

iip-uest irrigable Elevation 2870 ft
Lowest [rrigaole Llevation 2475 ft
• levation difference 395 ft
..Red::tie.i Oiff. / System tile 4.75 ft/mi
i.ievation Difference /Acre 0.036 ft/a
•w^rnnc land Slope 33c; (0-.P) 67* (3-10%)

iotal ,,/ste.., Longtn 53.0 males
o.jen cnannel

Lined channel
t-ipe
lined channel \- pipe

Canai ?ettea ,(rea

..'anal Area / I trie Area
aximum Seeoaqo Rate
axi.uUTi Aversion Capacity

Lrrigated 'rea at Ua Cap.
project irrigation '.icAlz 0
'roject iotal Pumps 0
ax iiuum ; u,... i e uarxi 0

.u.ibet cf Jystem Turnouts L28
lurnouts / lie of Systeai 1.5
irrigated .\cres / turnout 86
easurcd Itirnauts 53

J2.U

1 -' 0
'•

8.0 i,

27.0 t

201 act:

l.i^ I

0.99 ft/

350 cfs

31.4 a/ci

PROJECT SERVICE AREA

Average Farm 5ize 150 acres
Sail Sandy Loam
Average Soil ueptn 50 inches
Ave joil -oist Holding Car: 1.7 in/ft
Gravity Irrieatca Land 20 h
Sprinkler Irrigated Land 00 ?.
Assessed rand irriciated (1177) 107 %

MA LLP SOUR

fiver or Canal 100.0
Groundwater O.o
Other o. 0

mater contrx

juiiber of uitenriders
irrigated Area / Ditchrider
dumber of Later users / d.R
System length / D.R.
Turnouts per Ditchrider
'Turnouts 'fcasurcd oy D.R.
Turnouts Checked daily
Average Mileage / D.R.
D.P. Mileage /System "ile

3

306 /

22

23 i iles

100 i

65 mi/day
:. 35 mpb/mi

iter Delivery Type — Continuous

..iter ..averLed, Lifted, or Pressurize: with ,;roject Pumps 0 * total
ater Diverted, if ted, or Pressurize.: *itb On-farm pumps 30 i total
utcr Delivered at nigh pressure by project 0 I total

Sprinkler Systems Pressurize! by project 0 t by Farms 100 %



****************** ****************************************************

* *

* KING iULL IRRICATIOd dlSTRICT *

**********************************************************************

UTjusted 1977 '3osts

1977 IP* \ssessmcnt

(1) wminiotrative costs
(2) Pt.r pOntroi Costs
( g 'aintenance 'Casts
(4) \nnual Power '~'oj,c:
( M ieservoir 0& ' Costs

OPE RAH' MAI ITR ;ts

Vacrc 5/.:iR: S/usor

141575 12

2.1155 1

22267 2

5 7615 5

0 0

0 3 PL

1797 :l

LI'

?/af

1 . iUl

325 0.139
34 2 0.19b

1433 0.367
9 0.000

0 0.000

total 3&M lasts (1+2+3) 140405 12.76 1692 2150 1.254
LOtal Project Costs (1+2+3+4) 140400 12.75 1552 2L50 1.251
iotal System Costs (1+2+3+4+5) 140405 12.76 L>92 2150 1.251

dP.L IPFORPAiI,

pjjuste.j 1977 Costs c/acrc C/i,ll:

.idiinistrative Personnel Costs 14303 1.346 179

Pater Control personnel Costs 15473 1.407 136

•aintenance s-ersonnol Costs 47511 4.356 577

Total Personnel Costs 73192 7.103 942

t'arsonnel Labor Requirements mivear: ;v/a my/mi

<£{"

15

100

&total

19

20

51

0

-total

" dm l m s tr a t i ve Laoor

ater Control taaor

aintenance Labor
iotal Pruject Labor

1.20 j. 000109 0.0144 58 19

1.50 0.000145 0.019277 25
3.67 '-.000334 0.044217 57

6.47 ). 000530 0.077952 100

Average Personnel Cost (total 3/total my)

MISCELLAPEOUf

'ViJUSted 197 7 Cost:;

aintenance materials purcnased 16115

i-roject venicle & iSquip Deprec. 11053
.dree Vehicle & ipfuip deprec. 309
iotal vehicle & Rquip Deorec. 11367

12035 / year

Vacre 5/r,d

1 47 194. 15

1 01 133 23

0 03 3 72

L 03 136 95

1377 Po.;or Consumption
19 77 project Power Cost:
i:'77 Crop value
1j77 Croo value

0 kwn 0 kwh/a
0 3.0000 $Awn

2633000 244 $/a
24 $/af 91 3/af of CI1

204

i0%'

11

i/mi

vstc

100

100



* *********************************************************** **********

* *

* 5LTTLRRS IRRIGATION DISTRICT *
* *

**********************************************************************

1377 Irrigated tares 9440
1577 Assessed Acres 3440

iotai System. Length (miles) 55.0
Project Perimeter (ailes) 27
project Compactness Ratio 1.80
Irrigated Acres /System Mile 172
Pater users > 23 acres 170

1977 PROJECT HATER USL

.ater diverted to project
Seepage bosses
Operational Losses
Farm Deliveries

iffective Precipitation
barm Runoff in Return Flow

Deep Percolation
DVaputranspiration
irrigation Requirement
Project [Return Flow
1977 Reservoir Storage

dontederal Origin
earliest Flow Right 6 -1-1364
Average Flo*' Right 5-15-1836
Total Pater Flow Pight 187 cfs
Pater Pight Duty 50 a/cfs
dsable reservoir Storage 2393 af
usable Reservoir storage 0.25 af/a

AF AF/A ^INFLOW

47053 4.98 100

9-626 1.02 20

1658 0.19 4

35743 3.73 76

3355 0.41 8

0 0.00 0

13702 1.45 29

24663 2.61 52

22041 2.33 47

1633 0.18 4

13753 1.39 40

1977 Project Conveyance Lfficiency 76 %
1977 Project Application Lfficiencv 62 %
1977 Project Irrigation efficiency 47 %

10VOOAPI [Y

uignest Irrigable llevation
Lowest irrigable Llevation
llevation difference

.elevation Diff. / System He
Llevation difference / Acre
Avcraae bind Slope 1001 (0-3*)

2655 ft

2505 ft

150 ft

2.73 ft/mi
0.016 ft/a

OP ( 3-10t)

CONVEY-

Total System Length
pen cnannel

lined cnannel

lined cnannel f pipe
Puii iJetted Area

panel "irea / irrig Area
axiii.um Seepage tote

Maximum Diversion Capacity
Irrigated Area at "lax Cap.
Project Irrigation 'ells
Project Total pumps
Maximum Puap Demand
.umber of System 'Turnouts
Turnouts / lie of M/ster
irrigated Acres / Turnout
'eaturcd turnouts

mii<

0.0
;'

0.0 I

0.0 i

81 acres

0.36 i.

0.95 ft/day
205 cfs

46.0 a/cfs
2

')

46 hp
66

1.2

14 3

Ou

PROJECT SERVICE ARLA

Average Farm Sise
Moil Silt Loom
Average Soil Depth
Ave Soil Moist Holding Cap
Gravity Irrigated [and
Sprinkler Irriqated Land
Assessed Land irrigated (1977)

'ater source

River or Canal

Groundwater

Other

91.7 %
> f 'J

4.7 %

56 acres

48

2.3

100

incnes

in/ft

1

100 4

iiATER CONTROL

dumber of Ditchriders 1
Irrigated Area / ditchrider 9440
Number of Rater Users / D.R. 170
System Length / D.R. 55 ndles
Turnouts per Ditchrider 66
Turnouts Measured by D.R. LOO *
Turnouts Checked Daily 100 %
Average Mileage / D.R. 35 mi/cay
D.R. Mileage /System file 0.64 mpd/mi
Water delivery Type — Continuous

Mater Diverted, Lifted, or pressurize..' with Project Punps 0 %total
Pater diverted, Lifted, or pressurizes with On-farm puiqps 0 1 total
,ater Delivered at High pressure uy Project 0 %total
;prinkier Systems pressurized oy project 0 I by Farms LOO %



***************************************** *****************************

* *

* SETTLERS IRRIGATION DISTRICT *
* *

***************************************** *****************************

JPEPATIQn AUD fftltfrWUCE COSTS

Adjusted 1377 Costs $ $/acre $/mile $/user $/af *0«4 fcsysteir

1977 J!<] Assessment 50654 5.37 921 290 1.076
(1) Tdainistrative Costs 14759 1.56 268 87 a. 314 22 21
(2) Pater Control Costs 9080 0.96 165 53 0.153 13 13
(3) Maintenance Costs 44609 4.73 311 262 0.948 65 53
(4) Annual tower COsts 1398 0.15 25 8 0.030 2
(5) Reservoir O&M Costs 406 0.04 7 2 0.009 1

i'Otai OST' Costs (1+2+3) 63143 7.25 1245 403 1.455 100 37
Total Project Costs (1+2+3+4) 69846 7.40 1270 411 1.484 99
Total System Costs(1+2+3+4+5) 73252 7.44 1277 413 1.453 100

PERSONNEL 1NFORI WflON

Adjusted 1977 Costs 5 5/acro S/mile Itotal

Administrative Personnel costs
Pater Control personnel Costs

•aintenance personnel Costs

Total personnel Costs

Parscnnel Labor Requirements manyears my/a my/ni 'itotal

Administrative labor 1.00 0.000106 0.015132 13
eater Control Raaor 0.70 0.000074 0.012727 14
Maintenance saber 3.46 0.000365 0.062727 67
Total Project Laoor 5.15 0.000546 0.093636 100

Vcrage ;ersonnel Cost (total $/total my) 5 3323 / year

7422 0.756 135 16

753 3 0.314 140 17

30350 3.271 561 57

45355 4.371 336 0

MISCLLLANROdS

Adjusted 1977 Costs $ $/acre $/mi %0%M

Maintenance "aterials purchased 0371 0.94 161.2.3 13
Project Vehicle &Eauip decree. 1532 0.17 23.76 2
ircd Vehicle & Djuip Deprec. 3396 0.41 70.34 5
iotal venicle & Eauip deprec. 5478 0.53 99.6 0 8

1577 power Consumption 39077 kwn 3 kwh/a 1620 kwh/mi
1977 project power Costs $ 1393 0.0157 $/k^h
1J77 Crop value 3 1743000 185 $/a
1377 Crod Value 37 $/af 71 5/af of PT



**********************************************************************

* *

* SOUTH 30ARD OF CONTROL, mTPCb PJOJECT *
* *

**********************************************************************

L977 Irrigated /'ores 38030
1977 assessed /teres 39841
Total Pyste.d Length (miles) 194.0
project perimeter (miles) 55
project Compactness Patio 1.55
irrigated Uteres /System rile 196
Jater users > 25 acres 496

1 j 77 iM-OULCT MATPP dSL

Water Diverted to praqect
Seepage losses
operational fosses
Farm del ivories

llfective Precipitation
ear.,) Runoff in Return Flow
Deep Percolation
nvaootranspiration
irrigation Requirement
Project Return Flow
1377 Reservoir Storaqe

Federal Origin
earliest Flow Right 4-15-1515
Average Flo,, Right 6-15-1527
iotal water Flow Rignt 324 cfs
Pater rignt Duty 117 a/cid
Usable Reservoir Storage 205500 af
usable Reservoir storage 5.45 af/a

AF AF/A PI MPLOW

244155 6.42 100

47917 1.26 20

31426 0.3 3 13

154731 4.33 67

11797 0.31 5

35915 0.94 15

5364 5 1.33 21

90736 2 39 37

73221 2.06 32

67341 1.77 23

209224 5.50 86

1977 project conveyance Efficiency 67 I
1977 Project Application Lfficiency 47 %
1977 Project irrigation Lfficiency 32 $

JPOCPAPriY

iignast Irrigaole Llevation 2590 ft
/jwest Irrigaole Llevation 2230 ft
levation Difference 350 ft
devotion piff. /System lie 1.30 ft/mi
llevation difference / Acre 0.009 ft/a
weraqe Land Slope 504 (0-31) 50^, (3-10?

Md.ivLYAdCR SYSTCI

194.0 miles
94.0 %

5.0 i

6.(:

11.0 9

33b acres

0.82 %

0.97 ft/dav
925 cfs

46.1 a/cfs

0

13

6630 hp
953

4.9
10

710

Total System Lengtn
jen channel

Lined cnannel

IjJC
lined channel t- pipe

Canal Petted Area

Canal "urea / irr in Areo
daximuti jeepage Rate
Maximum diversion Capacity
Irrigated area at 'ax Cap,
• roject Irrigation Pelts
project total Pumps

aximum Pump Demand
pu'.iber of System lUruouts
Turnouts / lie of System
irrigated Acres / Turnout
'.ensured Turnouts

PROJECT SERVICE AREA

Average Farm Size
Soil loam
Average Soil Deptn
Ave Soil ^oist Molding Cap
Gravity irriqated Land
Sprinkler irrigated [.and
Assessed Land irrigated (1577)

mi'LP. SOURC

River or Canal 100. 0 1

groundwater 0.0 %

Other 0.0 %

77 acres

49

90

10

mchef

in/ft

'/'ATLR CONTROL

dumber of Pitcnriders 6
irrigated Area / Ditchrider 6338
duuiuer of Pater users / D.R. 83
S/stem Length / D.l\ 32 miles
Turnouts per Pitenricier 160
Turnouts Measures by D.R. 71 i
Turnouts Checked Daily 100 I
Average Mileage / D.R. 55 mi/cay
O.H. Mileage /System rile 1. 70 mpd/mi
Mater Delivery Type — Continuous

Pmcer diverted, Li.£ted, or Pressurized with project Pumps 44 'i total
ater diverted, lifted, or Pressurize^ with On-farm Pumps 8 % total

Pater delivered at high Pressure by Croject 0 '•& total
3prinkier Systems Pressurized by ijroject 0 'i oy Farms 100 i
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**********************************************************************

* *

* SOUTH BOARD OF COMTPOR, D\ A3SCR PROJECT *
* *

**********************************************************************

OPPRATIOP AMD mTJTLMAdCL COST:

Adjusted 1977 Costs $ $/acre $/mile $/user $/af %0&M ^system

1977 O&M Assessment 460820 12.12 2375 929 1.887
(1) Administrative Costs 72309 1.90 373 146 0.296 18 15
(2) Mater Control Costs 76030 2.00 392 153 0.311 18 16
(3) maintenance Costs 263815 6.94 1360 532 1.081 64 56
(4) Mmual Power Costs 39203 1.03 202 79 0.161 3
(5) Reservoir O&M Costs 22071 0.53 11.4 44 0.090 5

total O&M Cddts (1+2+3) 412154 10.84 2125 331 1.60b 100 87
Total Project Casts (1+2+3+4) 451362 11.87 2327 910 1.849 35
iotal System Costs (1+2+.3+4+5) 473433 12.45 2440 955 1.339 100

PERSONNEL IMPORTATION

Adjusted 1377 Costs $ $/acre $A,ile fctotal

Administrative .Personnel Costs
water Control Personnel Costs

iaintenance Personnel costs

Total Personnel Costs

54905 1.444 28 3 20

60535 1.592 312 23

152401 4.007 736 57

267341 7.04 3 1331 0

Personnel labor Requirements manycars my/a my/tni itotal

Administrative Labor 3.80 0.000100 0.019588 16
Mater Control Labor 5.50 0.000145 0.020351 24
Maintenance nabor .14.10 0.000371 0.072680 60
•iotal Project Labor 23.40 0.000615 0.120610 100

Average Personnel Cost (total $/total my) $ 11445 / year

MISCELLANEOUS

Adjusted 1977 Costs l $ $/acre 3/mi %0'tM

luintonanee titerials purchased 55921
Project venicle & Gguip Deprec. 23407
Hired vehicle & Equip Deorec. 4400
Total Vehicle & Equip Deprec. 27395

1.47 288.25 14

0.62 120.65 6

0.12 23.13 1

0.73 14 3.79 7

1377 power Consumption 11260000 kwh 296 kwh/a 53041 kwh/mi
1577 Project tower Costs 5 39205 9.0035 ?/kwh
1377 Crop Value $ 0537000 226 $/a
19/7 Croo Value 35 $/af 95 $/af of LT



***************** *****************************************************

* *

* LITTLE t'TLLOP [RRICA'ftM DISTPICT *
* *

************************************************************** ********

17/7 irrigated /"ores
I :'i 1 Assessed "ores

fetal M/steui Length (miles)
ereject Perimeter (miles)
Project compactness Ratio
irrigated Acres /System Pil<
dat.r Users > 20 acres

2370

Zb'J.J

51.0

21

2.31

AG

25

1377 PRdJLCT IATLK USE

pater diverts:.; to Lroject
fcepage losses

operational posses
Farm deliveries

infective precipitation
.aim, [Jundff in Return Flow

ijeep percolation
iVapotranspiration
jr r iga tion I:eoui r en cnt
.reject return Flow
1377 Reservoir ptorage

lonfoocral Crigin
Earliest Plow night 12-29-1913
Average Flow Rignt 12-29-1513
iotal Pater Flow Rignt 50 cfs
datcr Pight Duty 47 s/cfs
usaole fteservoir Storage 29000 at
Usable Reservoir Storaqe 12.24 af/a

AF/A 'iliFLOP

(<956 ,73

0 0. 00

1174 0.,50

7732 3.,25

641 0.,27
0 0.,00

2502 1.,06

6007 ^., 5^3

5231 2 ,23

1174 c.,50

1 5365 17

10 0
0

1.3

37

7

0
23

67

59

13

216

1J77 Project Conveyance Lfficiency 87 I
1977 Project Application Lfficiency 69 I
1377 Project Irrigation Efficiency 59 I

iLriAPI

i ve.st irrijaole elevation 2540 ft
.ov.cst irrigable elevation 2 570 ft
leva tion difference 170 ft

jluvation biff. / System Mile 3.33 ft/mi
iovation Difference /Acre 0.072 ft/a

worage [and slope 20': (0-3%) 30* (>10%)

COtJVEyANCE SYSTEM

local System length
open snannel
Lined channel
•loe

lined channel i- pip*
Canal betted Area

Canal 'Stgo / [rrig Area
uiximun seepage ''ate
uximun Divorsioii Capacity 60 cfs

irrigated Area at "ux Cap. 35.5 a/cfs
project Irrination Molls 0
!r .meet iOtal Pum >3 0

juimum Pum ) Ce tan i 0 he
.u-uoer of System Turnouts 100
burnouts / Mile of System 2.0
Lrrigated Acres / larnout 24
easurea Turnouts 100

51.0 miles

100.9 %

0.0 %
0.0 i

0.0 (3

37 acres

1.55 %

0.54 ft/day

PROJECT SERVICE AREA

Average Larm Size
Coil—foa„

Average Ceil bcptn
Ave 3oil 'Oist Poising Cap
Gravity Irrigated Land
Sprinkler Irrigated Land
Assessed Lane irrigated (1977) 33 *

MATER SOURCE

Liver or Canal 95.0 t
Groundwater 0.0 %
Other 4. 0 'i

'AT

170 acres

40 incne.

2.1 in/ft
63 c

40 t

slumber of citchriaers 1
Irrigated Area / Ditchrider 2379
dumber of :"atcr psers /P.M. 25
System Length / D.R. 51 miles
Turnouts per ,,itcnrioer 100
Turnouts "easureo by D.R. 105 5
Turnouts Checked daily 100 I
Average Mileage /D.R. 17 mi/day
p.p. Mileage /System Mile 0.92 mac/mi
..ater .yelivery Type — Continuous

Pater diverted, Lifted, or pressurize'.; wits project pumps u 6 total
."ater Tver tee, Lifted, or pressurize..; with On-farm Pumps 40 * total
' iter delivered jt High Pressure :.y Project 0 'i total
j Tinkler Systems pressurized oy Project 0 I by Farms 100 I



**********************************************************************

* *

* LITTLE WILLOW IRRIGATOR 51 STRICT *
* *

**********************************************************************

OPERATION ADO IM'Vi'LbAPCE COSTS

\djusted 1j77 Costs S $/acre S/mile $/user $/af %0&M ^system

1977 0&-1 Assessment 23713 10.01 465 349 2.648
(1) Administrative Costs 2477 1.05 49 95 0.277 9 9
(2) mater Control 'Costs 5567 2.35 109 223 0.622 20 20
(3) 'aintenance Costs 19393 8.40 390 796 2.222 71 71

(4) Annual tower Costs 0 0.00 0 0 0.000 U
(5) Rjservoir OSA< Costs 223 0.10 4 9 0.025 1

iotal 9&M costs (1+2+3) 27942 11.79 543 1113 3.120 100 39
LOtai project Costs (1+2+3+4) 27942 11.79 543 1118 3.120 35
total System Costs(1+2+3+4+5) 23170 11.89 552 1127 3.145 100

PERSONNEL INPOR! A'TIOd

Aujusted 1977 Costs $ $/acre $/mile «total

Auministrative Personnel Costs
Pater Control personnel Costs

aintenance Personnel Costs

Total Personnel Costs

tersonnel Laoor Requirements manyears my/a my/mi 'ttotal

Administrative labor 0.25 0.000105 0.004902 19
.ater Control Laoor 0.42 0.000177 0.008235 32

•iaintenance Labor 0.65 0.000274 0.012745 49
Total Project tabor 1.32 0.000 557 0.025302 100

Average Personnel Cost (total $/total ny) $ 9305 / year

1524 0.643 30 12

3383 1.641 76 32

6871 2.393 135 56

12233 5.133 241 0

MISCELLANEOUS

Adjusted 1977 Costs ? 3/acre $/mi 10®'

aintenance Materials Purchased 3784 1.60 74.20 14

ridpject vehicle a Equip beprec. 9 0.00 0.00 0
dired Vehicle & Equip Deprec. 203/ 0.33 40.92 7
Total vehicle & Lbuio Deprec. 2037 0.88 40.92 7

1577 power Consumption 0 kvd o kwh/a 0 kwh/mi
1377 Project Power Costs $ 3 3.0000 $/kwh
1977 Crop value $ 559000 236 $/a
1977 Cros* Value 62 $/af 93 3/af of ET





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

211

page

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

.



C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

)
C

ro
p

P
la

n
ti

n
g

D
at

e
E

f
f
e
c
ti

v
e

C
o

v
e
r

d
a
te

H
a
r
v

e
s
t

D
a
te

A
p

ri
l

M
ay

J
u

n
e

d
u

ly
A

u
q

u
s
t

S
e
p

te
m

o
e
r

O
c
to

D
e
r

T
o

ta
l

C
ro

p
y

ie
ld

(u
n

it
s/

A
)

1
9

7
7

P
ri

c
e

($
/u

n
it

)
1

9
7

7
C

rc
o

v
a
lu

e
($

/A
)

1
9

7
7

C
ro

p
In

fo
ra

ia
ti

o
n

E
N

T
E

R
P

R
IS

E
IR

R
IG

A
T

IO
N

D
IS

T
R

IC
T

i
o

t
a
l

A
lf

a
lf

a
D

ry
F

ie
ld

c
o

r
n

P
a
s
tu

r
e

P
e
a
s

P
o

ta
to

e

(R
e
f)

h
a
y

S
e
e
d

D
e
a
n

s
C

o
rn

S
il

a
g

e
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=

5
9

7
2

1
1

7
6

9
1

2
3

5
2

1
0

0
2

0

3
-2

5

4
-2

5

6
-
2

5

6
-
1

4

2

3
-
2

5

4
-
2

5

1
0

-3
0

3
9

5
-
1

5

7
-
1

8

9
-
2

0

=
=

=
=

=
=

=
=

=
=

=
=

=
—

—
s
=

=
s
s
s
s
s
s
z
z
s

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
r
=

=
=

=

M
o

n
th

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

ch
es

)
7

.6
1

2
6

.4
7

2
5

.4
8

2
0

.0
0

0

6
.7

3
6

6
.7

8
6

5
.9

0
3

0
.3

7
4

8
.4

8
8

7
.4

6
9

7
.3

3
4

2
.5

4
5

1
0

.0
4

4
3

.5
3

5
8

.7
3

9
7

.3
3

5

8
.8

0
0

6
.5

9
9

7
.6

5
2

6
.0

7
0

7
.3

2
7

7
.1

8
0

5
.3

7
4

3
.8

1
2

5
.2

8
5

5
.2

8
5

4
.

5
9

7
0

.5
9

7

5
4

.3
4

1
4

8
.3

2
5

4
6

.1
3

0
2

1
.2

3
4

3
.0

0

4
9

.4
0

6
.0

0

5
.4

0

1
6

8
.0

0

2
.9

0

2
7

6
1

4
8

3
2

4
8

7

1
1

3
0

1
2

2
3

1
9

2
0

4
-
5

3
-2

5
7

-
6

7
-
1

8
-
1

7
8

-
1

0

1
.0

7
9

2
.0

5
7

2
.7

1
4

3
.9

3
4

6
.4

5
1

6
.9

6
0

8
.0

3
5

7
.3

3
5

1
.7

8
5

0
.7

4
0

0
.0

0
0

0
.0

0
0

0
.0

0
0

0
.0

0
0

0
.0

6
5

2
1

.5
2

7
=

=
=

=
=

=
=

=
=

=
=

=

6
1

.0
0

6
1

.0
0

2
.2

5
2

.2
5

1
3

7
1

3
7



C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
d

is
tr

ib
u

ti
o

n
(%

)
C

ro
p

P
la

n
ti

n
q

D
a
te

E
f
f
e
c
ti

v
e

C
o

v
e
r

p
a
te

H
a
r
v

e
s
t

T
a
te

k
p

ri
l

M
ay

d
u

n
e

d
u

ly
A

u
g

u
s
t

S
e
p

te
m

b
e
r

o
c
t
o

o
e
r

T
o

ta
l

i
o

t
a
l

(R
e
f)

A
l
f
a
l
f
a

H
ay

S
e
e
d

8
5

0
0

2
0

0
0

1
0

0
2

4

3
-
2

5

4
-
2

5

6
-
2

5

8
-
1

4

1
9

7
7

C
ro

p
In

fo
rn

a
ti

o
n

P
A

R
K

S
&

L
E

W
IS

V
IL

L
E

IR
R

IO
M

T
C

N
C

O
.

IN
C

,

D
ry

B
e
a
n

s

F
ie

ld
O

o
rn

P
a
s
tu

r
e

C
o

rn
S

il
a
q

e

P
ea

s
P

o
ta

to
e
s

S
u

g
ar

S
p

ri
n

g
W

in
te

r
O

n
io

n
s

S
w

ee
t

B
e
e
ts

G
r
a
in

G
ra

in
c
o

rn

2
2

5
0

2
6

5
-
1

5

7
-1

8

9
-
2

0

4
2

5
0

5
0

4
-
5

7
-
8

8
-
1

7

6
.4

7
2

6
.7

8
6

7
.4

6
9

8
.

5
3

5

6
.5

9
0

7
.1

8
0

5
.2

3
5

M
o

n
th

ly
E

v
a
o

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
h

e
s)

7
.6

1
2

6
.

7
8

6

8
.4

8
8

1
0

.
0

4
4

8
.8

0
0

7
.3

2
7

5
.2

8
5

5
4

.3
4

1
4

«
.3

2
5

z
s
s
s
s
s
s
z
s
z
s
i

—
z
r

=
z
z
i

~
—

r
r
z
s
z
s
s
s
—

~

0
.

O
u

O

0
.3

7
4

2
.

5
4

5

7
.8

3
5

6
.0

7
0

3
.8

1
2

0
.5

9
7

2
1

.2
3

4

2
7

5
.0

0

2
.3

0

7
9

8

1
.0

7
9

2
.7

J
4

6
.4

5
1

8
.0

3
5

1
.7

8
6

0
.0

0
0

0
.0

0
0

2
0

.0
6

5

9
5

.0
0

2
.2

5

2
1

4

C
ro

p
Y

ie
ld

(u
n

it
s
/A

)
1

9
7

7
P

ri
c
e

(S
/u

n
it

)
1

9
7

7
C

ro
p

v
a
lu

e
(S

/A
)

3
6

4

4
.0

0

4
9

.4
0

1
9

8

O
tr

ie
r



C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

)
C

ro
p

P
la

n
ti

n
g

D
at

e
E

f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

H
a
r
v

e
s
t

L
a
te

A
p

ri
l

'l
a
y

d
u

n
e

J
u

ly
A

u
g

u
s
t

S
e
p

te
m

o
e
r

O
c
to

c
e
r

T
o

t
a
l

C
ro

p
Y

ie
ld

(u
n

it
s
/A

)
1

9
7

7
p

ri
c
e

(S
/u

n
it

)
1

9
7

7
C

rc
o

V
a
lu

e
($

/A
)

i
o

t
a
l

(R
e
f)

6
2

1
8

1
0

0

A
lf

a
lf

a

H
ay

S
e
e
d

7
4 1

3
-2

5
4

-
2

5

6
-
2

5
d

-
1

4

1
^

7
7

d
ro

o
in

f
o

r
m

a
ti

o
n

O
SG

O
O

D
C

A
N

A
L

C
O

.
(d

id
SU

G
A

R
C

O
.)

D
ry

F
ie

ld
C

o
rn

p
a
st

u
re

B
e
a
n

s
C

o
rn

S
il

a
g

e

P
ea

s
P

o
ta

to
es

S
ug

ar
S

p
ri

n
g

V
ln

te
r

O
n

io
n

s
S

w
ee

t
O

th
er

B
e
e
ts

G
ra

in
G

ra
in

C
o

rn

2
1

3
7

2
0

7
2

1
9

3
5

3
4

3
3

3
1

5
-
1

5
5

-1
4

—
5

7
-
1

3
7

-
2

4
7

-
0

9
-2

0
1

0
-
1

0
0

-
1

7

M
o

n
tn

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
h

e
s)

0
.0

0
0

0
.0

0
0

1
.0

7
9

0
.3

7
4

0
.8

3
3

2
.7

1
4

2
.5

4
5

3
.3

9
7

6
.4

5
1

7
.8

3
5

7
.2

2
9

8
.0

3
5

6
.

0
7

0
6

.3
6

3
1

.7
8

6

J
.

3
1

2
5

.6
4

1
0

.0
0

0

0
.5

9
7

1
.4

5
6

0
.0

0
0

2
1

.2
3

4
2

5
.4

6
9

2
0

.0
6

5
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

2
0

5
.0

0
1

5
.3

0
8

0
.0

0

2
.9

0
1

5
.3

4
2

.2
5

5
9

5
2

3
5

1
3

0

7
.6

1
2

6
.

7
3

6
8

.4
3

3

1
0

.0
4

4

8
.8

0
0

7
.3

2
7

5
.2

8
5

6
.4

7
2

6
.7

8
6

7
.4

6
9

8
.

5
3

5
6

.5
9

9

7
.1

8
0

5
.2

3
5

5
4

.3
4

1
4

3
.3

2
5

3
4

0

3
.0

0

4
9

.4
0

1
4

3



C
ro

o
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

)
C

ro
o

P
la

n
ti

n
g

L
a
te

E
f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

o
a
r
v

e
s
t

D
a
te

^
o

r
i
l

M
a
v

d
u

n
e

d
u

ly
A

u
g

u
s
t

S
e
p

te
m

b
e
r

O
c
to

b
e
r

T
o

t
a
l

C
ro

p
Y

ie
ld

(u
n

it
s
/A

)
1

9
7

7
P

ri
c
e

($
/u

n
it

)
1

9
7

7
C

ro
j

v
a
lu

e
($

/A
)

r
s
:
:
=

S
3

:
3

E
:
s
s
r
^

—
=

s
s
=

:
—

—
=

—
*

s
s
s
=

;=
_

=
•
•
=

—
=

=
—

._

1
9

7
7

C
ro

o
In

fo
ri

r
a
t
io

n

ID
A

P
O

IR
R

IG
A

T
IO

N
D

IS
T

R
IC

T

T
o

ta
l

A
l
f
a
l
f
a

D
ry

F
ie

ld
C

o
r
n

P
a
s
t
u

r
e

P
e
a
s

P
o

t
a
t
o

e
s

S
u

g
a
r

S
o

ri
n

o
P

in
te

r

(R
e
f)

H
ay

S
e
e
d

D
e
a
n

s
C

o
r
n

S
il

a
g

e
B

e
e
t
s

G
r
a
in

G
r
a
in

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

3
5

6
0

0
5

3
2

0
4

0
0

5
8

0
3

2
0

1
1

7
8

0
4

3
0

9
2

3
0

7
5

4
0

1
0

0
1

5
1

2
1

3
3

1
2

6
2

1

3
-
2

5
5

-
2

0
3

-
2

5
5

-
1

5
-
1

5
5

-
1

4
—

5
3

—
2

5
4

-
2

5
8

-
5

4
-
2

5
7

-
1

5
7

-
1

8
7

-
2

4
7

-
8

7
-
1

6
-
2

5
1

0
-
2

5
1

0
-
3

0
9

-
1

9
-
2

0
1

0
-1

0
8

-
1

7
6

-
1

0

8
-
1

4

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

•
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:

M
o

n
th

ly
E

v
a
p

o
tr

a
n

s
p

ir
a
ti

o
n

(i
n

c
n

e
3

)
7

.6
1

2
6

.4
7

2
0

.0
0

0
5

.4
8

2
0

.
0

0
0

0
.0

0
0

0
.0

0
0

1
.0

7
9

2
.u

5
7

6.
7

8
6

6
.7

3
6

0
.5

4
9

5
.9

0
3

0
.8

1
4

0
.3

7
4

0
.8

S
3

2
.7

1
4

3
.9

3
4

8
.4

8
8

7
.

4
6

9
2

.8
8

8
7

.3
8

4
3

.3
1

1
2

.5
4

5
3

.3
9

7
6

.4
5

1
6

.
9

6
0

1
0

.0
4

4
8

.5
3

5
7

.5
3

4
3

.7
3

9
8

.8
3

6
7

.8
3

5
7

.2
2

9
8

.0
3

5
7

.8
3

5

8
.8

0
0

6
.5

9
9

3
.6

2
1

7
.6

5
2

2
.7

2
6

6
.0

7
0

6
.

8
6

3
1

.7
3

6
0

.7
4

0

7
.3

2
7

7
.1

8
0

5
.8

6
1

6
.3

7
4

U
.

0
0

0
3

.8
1

2
5

.6
4

1
U

.
j0

0
0

.
o

o
u

5
.2

8
5

5
.2

8
5

1
.7

9
0

4
.5

9
7

0
.0

0
J

0
.5

9
7

1
.4

5
6

0
.0

0
0

0
.0

0
0

5
4

.3
4

1
4

8
.3

2
5

2
7

.2
4

2
4

6
.

1
3

0
1

5
.6

3
7

2
1

.2
3

4
2

5
.4

6
9

2
0

.0
6

5
2

1
.5

2
7

4
.0

0
1

7
.0

0
8

.0
0

1
9

.0
0

1
9

2
.0

0
1

6
.0

0
7

6
.0

0
7

6
.

U
O

4
9

.4
0

1
0

.2
5

5
.4

0
1

2
.

0
0

2
.9

0
1

5
.3

4
2

.2
5

2
.2

5

3
0

2
1

9
8

1
7

4
4

3
2

2
8

5
5

7
2

4
5

1
7

1
1

7
1

C
o

r
n



C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(*

)
C

ro
p

P
la

n
c
in

a
p

a
te

E
f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

d
a
r
v

e
s
t

D
a
te

T
o

ta
l

(R
e
t)

4
7

3
0

1
0

0

7
.6

1
2

6
.7

8
6

8
.4

8
8

1
0

.0
4

4

8
.6

0
0

7
.3

2
7

5
.2

8
5

A
lf

a
lf

a

H
ay

S
e
e
d

9
4

0

2
0

3
-
2

5

4
-
2

5

6
-
2

5

8
-
1

4

6
.4

7
2

6
.7

8
o

7
.4

6
9

8
.5

3
5

b
.5

9
9

7
.1

8
0

5
.2

8
5

1
9

7
7

C
ro

p
In

fo
rm

a
ti

o
n

D
A

N
S

K
IN

D
I'

IC
H

C
O

M
P

A
N

Y

D
ry

B
e
a
n

s

F
ie

ld
C

o
rn

P
a
s
tu

r
e

C
o

rn
S

il
a
g

e

1
7

0 4

5
-
2

0

3
-
5

1
0

-
2

5

1
6

4
0

3
5

3
-
2

5

4
-
2

5

1
0

-
3

0

p
ea

s
P

o
ta

to
e
s

S
u

g
ar

S
p

ri
n

g
li

in
te

r
o

n
io

n
s

S
w

ee
t

B
e
e
ts

G
ra

in
G

ra
in

C
o

rn

6
2

5

1
3

.5
-1

5

7
-1

3

9
-
2

0

9
5

0
4

0
5

2
0

9

4
-
5

8
-
2

5

7
-
8

7
-
1

8
-
1

7
8

-
1

0

1
.0

7
9

2
.7

1
4

6
.4

5
1

8
.0

3
5

1
.7

8
6

0
.0

0
0

0
.0

0
0

2
.0

5
7

3
.9

3
4

6
.

9
6

0

7
.8

3
5

0
.7

4
0

0
.0

0
0

0
.0

0
0

A
p

ri
l

M
a
y

d
u

n
e

d
u

ly
A

u
g

u
s
t

S
e
p

te
n

ib
e
r

O
c
to

b
e
r

T
o

ta
l

C
ro

p
Y

ie
ld

(u
n

it
s/

A
)

1
9

7
7

P
ri

c
e

(3
/u

n
it

)
1

9
7

7
C

ro
p

.
V

al
u

e
($

/A
)

5
4

.3
4

1
4

8
.3

2
5

M
o

n
th

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

ch
es

)
0

.0
0

0
5

.4
8

2
0

.5
4

9
5

.9
0

3
2

.8
3

8
7

.3
8

4
7

.5
3

4
8

.7
3

9
8

.6
2

1
7

.6
5

2
5

.8
6

1
6

.3
7

4
1

.7
9

0
4

.5
9

7
2

7
.2

4
2

4
6

.1
3

0

0
.0

0
0

0
.3

7
4

2
.5

4
5

7
.8

3
5

6
.0

7
0

3
.3

1
2

0
.5

9
7

2
1

.2
3

4

2
0

0
.0

0

2
.9

0

5
8

0

2
0

.0
6

5
2

1
.5

2
7

8
0

.0
0

8
0

.0
0

2
.2

5
2

.2
5

1
8

0
1

8
0

1
8

9

4
.0

0
4

9
.4

0

1
9

8

8
0

.0
0

2
.2

3

1
7

8

8
.0

0

5
.4

0

4
3

O
tn

e
r



=
=

=
._

=
=

=
_

=
=

=
=

=
=

=
=

=
_

=
=

=
_

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

1
J7

7
C

ro
p

In
fo

rm
a
ti

o
n

B
U

R
L

E
Y

IR
R

IG
A

T
IO

N
D

IS
T

R
IC

T

C
ro

o
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
{%

)
C

ro
o

p
la

n
ti

n
q

d
a
te

E
f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

h
a
r
v

e
s
t

D
a
te

A
o

r
il

M
ay

d
u

n
e

d
u

ly

A
u

g
u

s
t

S
e
p

te
m

o
e
r

O
c
to

b
e
r

T
o

ta
l

C
ro

o
Y

ie
ld

(u
n

it
s
A

)
1

9
7

7
P

ri
c
e

(S
/u

n
it

)
1

9
7

7
C

ro
o

V
a
lu

e
($

/A
)

T
o

ta
l

A
l
f
a
l
f
a

D
ry

F
ie

ld
C

o
r
n

P
a
s
t
u

r
e

t
e
a
s

P
o

t
a
t
o

e
s

S
u

g
a
r

S
o

ri
n

g
W

in
te

r
O

n
io

n
s

S
w

e
e
t

O
th

e
r

(R
e
f)

R
a
y

S
e
e
d

B
e
a
n

s
C

o
r
n

S
il

a
o

e
B

e
e
t
s

G
r
a
in

G
r
a
in

C
o

r
n

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

4
1

4
4

0
3

1
8

6
1

1
5

3
7

2
9

1
9

0
3

7
7

5
3

2
3

9
4

2
1

7
5

0
4

6
3

6
6

4
3

5
4

2
8

2
2

7
5

6
1

4
4

1
0

0
2

0
0

2
1

0
9

8
1

2
1

1
1

6
1

0
0

1
d

3
-2

u
3

-
2

J
6

-
1

5
-
1

0
5

-
1

0
4

-
1

4
-
1

5
-
2

0
4

-
1

5
4

-
1

3
-
5

4
-1

5
4

-
2

6
5

-
1

4
-2

0
4

-
2

0
7

-
2

0
3

-
1

8
-
1

3
-
1

6
-
1

5
7

-
2

5
7

-
2

0
6

-
1

5
o

-
5

3
-
I

7
-
2

2
7

-
1

0

6
-
2

0

6
-
5

1
0

-
3

0
9

-
1

5
1

0
-
1

0
1

0
-
1

0
1

0
-
3

0
6

-
1

1
0

-
1

0
1

0
-
1

5
8

-
1

0
8

-
5

9
-
2

0
8

-
1

5
3

-
1

9
-
2

5
_

_
=

=
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

H
o

n
ti

l
ly

B
/a

p
o

tr
a
n

so
ir

a
ti

o
r.

(i
n

c
h

e
E

)
7

.8
9

7
7

.1
8

4
7

.1
3

4
0

.0
0

0
0

.0
0

0
0

.0
0

0
4

.9
7

7
0

.6
6

7
0

.0
0

0
0

.3
6

7
1

.6
5

8
3

.3
1

5
3

.0
0

2
0

.1
8

3
0

.
6

6
8

5
.6

4
7

5
.6

4
7

5
.6

4
7

0
.0

0
0

0
.9

2
3

0
.9

2
3

4
.9

1
0

2
.3

1
5

0
.2

8
1

1
.1

3
4

3
.3

3
2

4
.3

4
9

4
.2

3
5

1
.4

6
9

1
.6

9
2

8
.4

5
5

6
.7

6
1

8
.4

5
5

1
.4

3
3

3
.7

1
8

3
.7

1
8

7
.3

5
5

7
.5

2
2

1
.7

7
6

4
.2

2
8

7
.0

1
7

6
.5

9
4

3
.3

7
0

4
.9

8
9

5
.2

4
2

8
.5

1
5

7
.9

2
1

3
.5

1
5

5
.8

1
4

7
.0

6
7

7
.0

6
7

7
.4

0
8

2
.8

9
7

5
.9

6
0

6
.3

8
7

3
.3

2
0

1
.7

9
0

7
.3

2
3

7
.8

3
5

6
.6

4
3

7
.6

6
0

5
.5

9
4

6
.1

2
3

5
.5

1
7

7
.5

0
6

7
.5

0
6

6
.6

6
4

0
.

0
0

0
5

.5
9

4
5

.8
9

9
0

.2
8

1
0

.1
3

0
3

.4
4

6
3

.
7

7
9

O
.O

ti
O

6
.5

7
8

5
.7

8
7

3
.9

4
7

0
.5

5
0

4
.8

0
2

4
.8

0
2

5
.7

2
2

0
.0

0
0

3
.7

5
1

5
.0

6
7

0
.0

0
0

0
.0

0
0

u
.6

3
1

0
.0

0
0

0
.0

0
0

5
.1

1
4

4
.3

4
5

2
.0

4
6

0
.0

0
0

0
.8

3
8

0
.8

3
8

4
.4

4
7

0
.

0
0

0
0

.7
4

0
2

.0
2

2
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
O

.O
O

u

1
9

.8
6

5
4

3
.2

3
8

4
1

.9
1

6
1

4
.3

1
8

2
4

.8
5

4
2

4
.8

5
4

4
1

.4
8

3
1

3
.6

0
1

1
8

.1
0

2
2

5
.1

5
2

1
5

.6
0

7
1

6
.

1
7

8
2

7
.0

0
6

1
8

.2
5

6
1

4
.2

4
5

=
=

=
=

=
=

=
=

=
=

=
=

:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

4
.

5
0

4
.0

0
1

6
.5

0
6

5
.0

0
1

7
.0

0
1

0
.0

0
2

2
.0

0
3

2
5

.0
0

1
7

.0
0

8
4

.0
0

8
4

.0
0

3
0

0
.0

0
3

.0
0

1
5

.
0

0

4
9

.4
0

1
0

5
.0

0
1

1
.4

0
2

.2
3

1
0

.2
5

5
.4

0
1

2
.0

0
2

.9
0

1
5

.3
4

2
.2

5
2

.2
5

2
.6

0
5

3
.0

0
lh

.U
H

2
0

8
2

2
2

4
2

0
1

8
8

1
9

0
1

7
4

5
4

2
6

4
9

4
3

2
6

1
1

8
9

1
6

9
7

8
0

2
6

5
2

4
0



il Q

II 0
u

II U
II
II r»
II p*

II II o
II II -H
II II c
il il o

II 0) c
II 4J -H
I c nj
II -H u
II 3 C
II
II CT'
II C C

II M CO
ii «3 d
II CT 0)
II 3 O
iii/n
ii

II 8

-i I eg
I I
•T OO 'TI

'3 m o
CN CN H

I I I
•n r~ o

00 CN CN "~< 3 3 Z3 m
'C CI rr rr "3 J C ^T
vc o oj yj o O -"3 cn

3 H fl ._ o o o rr

II en 3MT 71 o O vs
oo >o 00 en p* O O cn
r-A rr CJ> 00 r*» O O Pi

ii o a rr ii
II rn o rn II

O H <* I-- n O O CO il
rH II

II
-..j >ii co m vo H o 'X- ii
:> m r» ni«» tn o o ii

a ^ n fl <j io o o ii

fi-osr^noof* II

X) Cl rr O O O O 'CO
H <f <? T, rn O O Is
m n Ul ^ H O O H

_> o o o

II o m CO II
II O CN Oi II
II rH II

II r-> cn II
II 00 M
II II

a:.' ni r- o i-h o o r—
jl n H CN CD DDO
cd oo a rn cn o o o

II
II rH ro r- m o O O n

n
il

i -

|| li

II li

II p» «♦ 00 f- 31 p~ cn CN n _:

II ..0 00 CN CD Ol vD osi m ii |-»

II
m *-t cn 0O 00 O 3 H II

ll P«
—i «f 10 in Hi 0>l in II rH rH

~J rH CO C_ •rT rH a CN
-3 co r- »o 31 m rr o
3M>cnicio-r~H

a cn ti it

o h m m oo o co M «*)

II II u
II II HI
II II •i-l
II II 0
II II d
II II
II II •n

II
II

II
II
II

d

c
II II
II II
II il <U

II Jd
II 10
ii a
ii a
ii
il <u
II c c-
ii d ra
I O rH

ii to -H
II w

II a
II rH C
II 0) U

II m
II or
II I'
ll
II
II
II
II rH
II 31
II TI
II
II

—I IT! rH
I >H |

I
rr ir> OP

HHQ
I i en

I

II p» ifl N> a o a H
II O rH CN 31 O 3 O O
il >r> oo in co o o o o

II — o cl r» cn o O o en
II QJ
II r
II '•)
II
II -H

II '—'

II
II G
II d
II •H

i~- o m go rr cn r» en
i~~ h in o *o cn rr co
ci'j>on'^rior-rrrr

*—'vcr rr r~ i— 'O'l.o t <—I

II . . osl ii
II ~.r CN ii
II CN •H ii
II ii

II ii
II O i* ii

II
oo T >0 ii

ii

II

II
un ii

ii
ii

II ii

II O i/i Ofi n

II tfl cn p» ii
II . • i—i ii
II P» o ii

II H H ii

H a

oo cn r» id cn oo rr
n h c a o n m
Cl r- O Ifl CD M CO

oo r- r~ rr o rr

il
II
II r«
II o
II o

II II
II II tfl
II

1!
> c

II H f0
II ii y

C3 U1

I I
10 I— *

£3 O CO -rr
O O CO rH
cd o rr cr

p~ o o cn
HIDQrl
in m o co

II
II

II II
II II •a
ii ii to cy
II II UH O
|| II rH 05

II II <4H
II II rH >

ii I! < s
II II
II II
II II
II II
II (I —I -—
il II ra uh

ii ii
il ii

" !!
II II
ii ii

H !!

II II
II II
II II
II II
II II
II II
li II
II II
II II
II II
II H
II <l
II il

II
II -w
11 CN
II 31

o o rn \r> './i

§'.n rr cn rH
rH o rr in

co p- o <o
on) rr rr <—I
rH CI O CI

n^c ii rn in II

rH II
II
II

r~ in ;X' CO VO CO CN rH
rr

ii
ii
ii

^H
II
II
II

_ O O O •n tf» II rr r— rH rH rr r- m co ii o r- II

g CN CN CN 1 tN II 00 rr o cn 31 oc rr en ii ~j> «» «* II

ro rr x?
II •-{ CO p» rr> in r~ oo cn ii CN II

.0 .71 II ii U) J1 II
i— in vo r— in in rr 03 h

II rr C
Il in cj
II vX! r-i

r— r- m m
ai ^r m —i
co o rr tfl

O 00 rr tf)
>_• r- —i o
vc in r-\ x

o a q
1-1 C -d 3
o O rp

2. -H (3 u
4j cn
3 g> 5

8 d C 0
•H -H C.J

OJ
4J

01
-j d
-d C d a

u

n
CO n >

•H -M --H
Q i +J

*j
<? in

g
0 8 8cS M

II U U U'H fl
II 'J U M J B

218

m (X) co r» <o uo ci

ii < — \ ii
II V. 4J t» II
Il U) -H — II

H *— —' (3 I
ii
ii
ii
II d)

* II•d B O
CO OJ O

O > 3 -u o
> q rH w a-p

swop
'.o O F*

u ^ il
3 O <

II 0 r- r- il
II h a> cn ii
II CJ rH -H ||



II d Q.

II CO
II

II l-i

II 0 _.

II CM •H

II C _J

H i—i

ii
i| Qj ' >
ii 0 d
il M

H C)
ii ."3
n
ii p* u_

ii 0^

n -H

il

II II
II II

II II

d C H

n m in

I i I

II II

IIII
II II
II II
II II
II II
il II
II II

II II
II II
ll II
II II
II II
II II
II II
II II
Il II
II II
II II
II II
II II
II II
II II
II II

3 ii
ii ii
ii ii

I! '"II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II

4J il c d m o m
CD II CN rH CN rH
CD II CN III
CO II rr P- O

II rH
II

1! o in -J in o
li T> rN Ovl r-l.

il CO Ad
1

ll
II H
II
ll
ll o l~~ r-\ in H
ll rr 1 iH

it •11 i

II
II
II
II o
ii 5
II CN
ii
ii

$ ii
CO

"D rH 3 r-i O

co il o cn _ 3 m
" O rr N rl I

rH I III II w
u ii a
ii ii

li II
ii ii
ii ii
ii ii
ii n
•I ii
il ii
ii ii
ii ii
it ii

II II
ii ii
ii ii
ii ii
ii ii
ii ii
ii ii
ii ii
ii ii
ii ii
M II
II II
II II
II II
II II
II II
H II
II H
II II

II
ll

ll
II

il
II

ll oo P~ 3" oo m o 0 cn II o 0 -) •1

II cm p- rr P- 3 7JQCN II 1 D r— '1
II cn •rr rH CO 3 o in II ro ll

II II lO m II

ll '3 >H uo cc <* 3 3 31 ll in II
II rH II II

II
II
II ll

II II II

I!
II

II
II I!

II II II
II II ii

II rr p» CN rH * 3 3^ II 3 n H

II
p~ p» 3 CO rn 3 3 r» II

3 C 1 X ii

CN CO CO '31 r~>. O 3 m • . r—' ii

II II 3 IN ii

II
m rr 3 r-^ o O 3 CO II O0 ii

ii

II II ii
II r» cn p- oo CM 3 3 lO II a in

II on m 00 P- ro 3 3 00 II 3 CN 00 II
II C0 00 CN C0 '71 O O 00 II r-l ii

II II O rg ii

II rH oo P» 00 ~i 3 O CO II 00 ii

ll
II

rH

II II
II CO o OO i-i •0 oc rr cc II © •-T in ii

|| rr CN
CO rr

m r- P» in CN CN II m m CO n

II uo 3 rJ O CN r-l II « • CN ii

II ll r» lO n
II O rH rr p» '.0j in o in II H r-i 1!

II CN II II

II II II

II c in 00 cn •-r CO o rr II 3 O 3 II

II O 00 oo ai m rr rr in
II

CD 3 r~ II

II 3 CN co m oo P- P~ 3 • • •.o II

II II CN II
II CD 3 rH co •n m o >3i II o II

II r-i II Ol II

II m ^m Q\ 10 o 3 O rH II o 3 vl'
II
II

II m co in © O 3 m II CD •CD UO II

II '3 00 P» CN p 3 3 rH II CN II

II II CN Osl li
II ,—. O CN r- m 3 3 3 rr II CN r-J II
II B) rH II II

II 01 II II

II c CO oo CO CN P» t P P II 3 3 rr ll

II D Q rr CO 3 P» rH rr r- II 3 "• in II
II c Ol Ol X (— rr P»

II
II

II •M o in II

II rr i* P- X' VO m -rr cn II <—I ll

II
II

rr II |
c
c Q P- p~ oo o •rr 3 3 II a m rr

ll
II

II •H 3 co OO CN -0 Ol 00 00 II 3 rg r- II

II 4J 3 CO co co 'CO PCOO II r-l |
II ccj • . . • . • . . II P» '3 II

II H 3 3 00 P~ p* 1*3«3 II r-l —t H

II •rH CN II
11

II

II 0

8
o f> P~ 00 3 rl' 3 3 o m rH II

II O 00 00 CM 3 cn m rn 3 CN o II

II
II

rg
u

O CO CC 00 CO POO II
II 3 CN

CN II
II

ll 4J O 3 oo p» rr 3 CO II y* II

'1
II 8

cn II
II II

II 03 3 CN ul p^ r- 10 3 r-» II CN II
II

fil
o rn lO -0 >C cn o m II •C- «♦ r-l II

II O CN 01 p» rH 3 CO II Ol II

II II CO H II
> 3 3 CN CO co o 3 in

ii jd
II c
II o
II £
II
II

•o II
_ II
CJ II
to II

II
II

> II o
a i| cn

II
II
ll

'3 CM

0 Si

II
II
II
II

o cd 3 m m
CN CM CM | (N
III I

00 rr 10 10 31

0C P~ oo rr ||

p in co oc uo m t rr il

3 p~ II
rr rr II

• CN II

II II
II II

II II
II II
II II

—. ll O O

II i-i C -P Q
q aII o

ii a
II — JJ
II 3 C
ii o a c

U Dl IJ >

II 3 8- 8\
II
it :j

M M -H (tj

rH rn O 10 00 31 O CO
iTi a: CM N H 'O H H
p co p <j o m h n ll

II
p~ cn co ai oo o m —4 li

CO ||
rr II
CN II

II II d c ii
II II •H 3 _ II

C \ 3 ||ll Ll ll

II

h
il 3 CA —| ||

II
II u

ll
H --5 li

II —i ••) d Q —i ll •q a ii
II •H o >• 0 S o .TI II -H o e, ll

OH O II
•H u u II
^SUll

II Ll > c H CTI a 4-) 4J 1
ll d, •a a 3 3 $8 Q II

II <r "• T n T II
II

II !! &^p^ II
II ii MOI fi II
II ii U HH ||

219



I
j
I
I

C
ro

c
in

f
o

r
m

a
ti

o
n

iW
K

F
H

S
lD

E
C

A
N

A
L

C
D

P
fP

A
N

Y

io
ta

l
A

lf
a
lf

a
d

rv
fi

e
ld

C
o

rn
p

a
st

u
re

P
ea

s
P

o
ta

to
e
s

S
u

g
ar

S
p

ri
n

q
w

in
te

r
O

n
io

n
s

S
w

ee
t

O
tn

er
(R

ef
)

d
ay

S
ee

d
B

ea
ns

C
o

rn
S

il
a
o

e
B

e
e
ts

G
ra

in
G

ra
in

C
or

n

C
ro

p
A

cr
ea

ge
(a

cr
es

)
14

93
40

33
60

0
16

70
20

73
0

59
70

30
80

16
16

0
30

30
15

37
0

33
40

23
24

0
13

71
0

43
90

C
ro

p
O

ls
tr

io
u

ti
o

n
(%

)
10

0
22

1
14

4
2

11
2

10
2

if
13

3
C

ro
p

P
la

n
ti

n
q

D
at

e
3

-2
0

3
-2

0
5-

20
5

-1
0

5
-1

0
4

-
1

4
-
1

5-
20

4
-1

5
4

-
1

3
-
5

4
-2

o
e
ff

e
c
ti

v
e

C
o

v
er

d
a
te

4
-2

0
4

-2
u

7
-1

0
3

-1
'•'

-1
5

-1
6

-1
5

7
-2

5
7

-2
0

6
-1

5
6

-5
7

-2
2

ic
rv

e
st

d
a
te

6
-2

0
1

0
-3

0
9

-5
1

0
-1

0
1

0
-1

0
1

0
-3

0
<•

-1
1O

-1
0

1
0

-1
5

3-
1U

8
-5

b
-1

5
8

-
5

*
-
2

5

M
o

n
tn

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
n

e
s)

A
p

ri
l

7.
79

1
7.

09
1

7
.0

9
1

0
.0

0
0

0
.0

0
0

O
.O

O
O

4
.9

0
8

0
.8

5
5

O
.O

O
O

0
.6

4
3

1
.6

3
7

3
.2

7
4

0.
22

8
M

ay
5.

68
3

5.
63

3
5.

68
3

0.
23

2
0.

88
7

0.
88

7
4.

94
3

2.
33

1
U

.2
85

1.
42

0
3.

3d
2

4.
37

7
1.

47
7

Ju
n

e
8

.7
2

0
6

.9
7

7
6

.9
7

7
2

.9
6

5
3

.8
3

7
3

.8
3

7
7

.5
8

8
7

.7
5

9
1

.8
3

3
4

.5
3

3
7

.2
3

7
O

.8
0

2
5

.1
4

4
Ju

ly
9.

42
6

8.
76

7
3

.7
1

0
3

.7
6

7
7.

82
3

7
.8

2
3

8.
20

2
3.

20
6

6.
59

9
7.

07
1

3.
67

8
1

.9
8

1
u.

67
3

A
u

a
u

st
8

.0
1

8
5

.8
5

4
7

.5
4

3
3

.7
6

7
7

.8
6

0
7

.8
6

0
6

.9
7

7
0

.0
0

0
5

.8
5

4
6

.1
7

6
0

.9
3

2
0

.1
3

8
4

.0
0

3
S

ep
te

m
o

er
6

.5
6

9
5

.7
7

9
3

.4
1

3
0

.1
2

6
4

.7
9

4
4

.7
9

4
5

.7
1

4
0

.0
0

0
3

.7
4

3
5

.0
5

3
0

.0
0

0
0

.0
0

0
0

.0
0

0
cd

ct
o

o
er

5
.1

1
0

4
.3

4
5

1
.8

7
5

0
.0

0
0

0
.3

3
0

0
.8

3
0

4
.4

4
7

0
.0

0
0

0
.7

4
0

0
.2

2
4

0
.0

0
0

O
.O

O
u

0
.0

0
0

'T
o

ta
l

51
.3

18
4

4
.4

y
6

4
1

.2
9

1
1

5
.3

5
7

2
6

.0
3

0
2

6
.0

3
0

4
2

.7
7

7
1

4
.1

5
1

1
9

.0
5

4
2

5
.1

2
8

1
6

.8
3

6
1

6
.5

7
3

1
9

.5
2

5

C
ro

o
Y

ie
ld

(u
n

it
s/

A
)

5
.0

0
6

.0
0

1
9

.0
0

95
.0

0
20

.0
0

10
.0

0
20

.0
0

31
0.

00
17

.2
0

78
.0

0
78

.0
0

7.
00

19
77

P
ri

ce
($

/u
n

it
)

49
.4

0
10

5.
00

11
.4

0
2

.2
3

Id
.2

5
5

.4
0

1
2

.0
0

2
.9

0
15

.3
4

2
.2

5
2

.2
5

53
.0

U
19

77
C

ro
p

V
al

ue
($

/A
)

27
5

24
7

63
0

21
7

21
2

20
5

54
24

0
89

9
26

4
17

6
17

6
37

L



—
—

r
_

^
_

r
.
—

=
_

_
_

_
—

~
—

:
=

~
~

:=
_

_
:

—
—

_
_

.

ly
7

7
c
ro

o
In

fo
rm

a
ti

o
n

SD
O

L
R

IV
E

P
vA

L
L

E
Y

IP
P

I
C

A
T

IO
N

D
IS

T
R

IC
T

C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

]
C

ro
p

P
la

n
ti

n
q

D
at

e
E

f
f
e
c
ti

v
e

C
o

v
e
r

d
a
te

H
a
r
v

e
s
t

D
a
te

A
p

ri
l

M
ay

J
u

n
e

J
u

ly
A

u
g

u
s
t

S
e
p

te
m

o
e
r

O
c
to

b
e
r

T
o

ta
l

C
ro

p
Y

ie
ld

(u
n

it
s/

A
)

1
9

7
7

P
ri

c
e

($
/u

n
it

)
1

3
7

7
C

ro
p

V
a
lu

e
($

/A
)

i
o

t
a
l

A
lf

a
lf

a
D

ry
F

ie
ld

C
o

rn
P

a
s
t
u

r
e

i

(R
e
f)

2
c
u

t
le

u
t

B
e
a
n

s
C

o
rn

S
il

a
q

e
_

=
_

=
_

=
=

=
_

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

4
8

5
2

2
0

3
8

1
0

1
9

7
7

6

1
0

0
4

2
2

1
1

6

5
-
1

5
-
1

5
-
1

6
-
1

6
-
I

u
-
1

7
-
1

0
8

-
1

0
1

0
-
3

0

9
-1

0
—

;
_

=
=

-
=
:
=

=
=

=
=

=
=

=
=

M
on

th
ly

E
v

ap
o

tr
an

sp
ir

at
io

rj
(i

n
c
n

e
s
)

7
.4

1
2

0
.

7
4

1
0

.
7

4
1

0
.7

4
1

5
.0

6
9

3
.6

9
4

3
.6

9
4

3
.1

8
5

9
.2

0
9

9
.2

0
9

9
.2

0
9

3
.0

1
1

8
.6

7
3

6
.3

3
4

3
.6

7
3

7
.5

4
7

7
.5

5
1

7
.5

5
1

5
.5

1
2

6
.

5
7

0

5
.8

6
y

4
.2

8
5

5
.8

6
9

5
.1

0
7

4
.3

0
4

4
.3

0
4

4
.3

0
4

3
.7

4
7

4
8

.0
8

7
3

6
.1

1
7

3
3

.0
0

2
3

4
.9

0
8

_
_

_
_

_
_

_
S

B
S

O
T

-
S

B
S

M
S
=

_
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

4
.5

0
3

.
0

0
5

.0
0

4
9

.4
0

4
9

.4
0

5
.4

0

1
5

7
2

2
2

1
4

8
2

7

_
-
=

=
=

=
=

=
=

:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

0
.0

0
0

1
.2

1
6

6
.1

7
0

6
.7

6
5

1
.6

6
0

0
.1

1
0

0
.0

0
0

1
5

.9
2

2

_
_

_
_

_
_

_
_

_
-_

_
_

_
=

=
=

=
=

=
=

=
=

=
:=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

::
:

3
0

.0
0

2
.

2
5

1
8

0

pe
as

p
o

ta
to

es
Su

ga
r

S
pr

in
a

V
ln

te
r

O
ni

on
s

Sw
ee

t
O

tn
er

B
e
e
ts

G
ra

in
G

ra
in

C
o

rn

1
0

1
9

2
1

5
-
1

7
-
5

9
-
5

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=



Iy
7

7
C

ro
p

In
fo

rm
a
ti

o
n

S
A

L
M

O
N

P
IV

E
F

C
A

N
A

L
C

D
.

lA
'i

S
u

g
ar

S
p

ri
n

g
.I

n
te

r
O

n
io

n
s

S
w

ee
t

O
tn

er
B

e
e
ts

G
ra

in
G

ra
in

C
o

rn

C
ro

p
A

cr
ea

g
e

(a
c
re

s)
19

77
0

44
00

7
5

0
6

8
7

0
i>

0
lu

O
O

20
0

1
0

0
0

6
5

0
4

6
5

0
C

ro
p

D
is

tr
ib

u
ti

o
n

(*
)

1
0

0
22

4
35

0
5

1
5

3
25

C
ro

p
P

la
n

ti
n

q
D

at
e

3-
2C

3
-2

0
5

-2
0

5
-1

0
5

-1
0

4
-
1

4
-
1

5
-2

0
4

-1
E

ff
e
c
ti

v
e

C
o

v
e
r

M
at

e
4

-2
0

4
-2

0
7

-1
0

8
-1

8
-1

5
-1

6
-1

5
7

-2
5

6
-1

5
d

a
rv

e
s
t

L
a
te

6
-2

0
1

0
-3

6
9

-5
1

0
-1

0
1

0
-1

0
1

0
-3

0
3

-1
1

0
-1

0
8

-1
0

T
o

ta
l

A
l
f
a
l
f
a

D
ry

F
ie

ld
C

o
r
n

p
a
s
t
u

r
e

P
e
a
s

p
o

t
a
t
o

e

(K
e
f)

H
ay

S
e
e
d

b
e
a
n

s
(
"
o

r
n

S
il

a
g

e
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

1
9

7
7

0
4

4
0

0
7

5
0

6
8

7
0

5
0

1
0

0
0

2
0

0
1

0
0

0
6

5
0

1
0

0
2

2
4

3
5

0
5

1
5

3

3
-2

C
3

-
2

0
5

-
2

0
5

-
1

0
d

-
1

0
4

-
1

4
-
1

5
-
2

0

4
-
2

0
4

-
2

0
7

-
1

0
8

-1
a

-
l

5
-
1

6
-
1

5
7

-
2

5

6
-
2

0
1

0
-
3

6
j

-
5

1
0

-1
0

1
0

-1
0

1
0

-
3

0
3

-
1

1
0

-1
0

3
—

5

9
-2

5
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

:

1l
o

n
tl

ly
L

V
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
h

e
s)

7
.7

9
1

7
.0

9
1

7
.0

9
1

0
.0

0
0

0
.0

0
0

0
.0

0
0

4
.9

0
8

0
.

8
5

5
0

.0
u

u

5
.6

8
3

5
.6

8
3

5
.6

8
3

0
.2

3
2

0
.3

8
7

0
.8

8
7

4
.9

4
3

2
.3

3
1

0
.2

8
5

8
.7

2
0

6
.9

7
7

6
.9

7
7

2
.9

6
5

3
.8

3
7

3
.6

3
7

7
.5

8
6

7
.

7
5

9
1

.8
3

3

9
.4

2
6

8
.7

6
7

3
.7

1
0

8
.

7
5

7
7

.8
2

3
7

.8
2

3
8

.2
0

2
3

.2
0

6
6

.5
3

9

6
.0

1
8

5
.6

5
4

7
.5

4
3

3
.7

6
7

7
.3

6
0

7
.8

6
0

6
.

9
7

7
0

.0
0

0
5

.8
5

4

6
.

5
6

9
5

.
7

7
9

3
.4

1
3

0
.1

2
6

4
.7

9
4

4
.7

9
4

5
.7

1
4

0
.0

0
0

3
.7

4
3

5
.1

1
0

4
.3

4
5

1
.8

7
5

0
.0

0
0

0
.8

3
0

0
.8

3
0

4
.4

4
7

0
.0

0
0

0
.7

4
0

,1
.3

1
8

4
4

.4
9

6
4

1
.2

9
1

1
5

.3
5

7
2

6
.0

3
0

2
6

.0
3

0
4

2
.

7
7

7
1

4
.1

5
1

1
9

.0
5

4

:
=

=
=

=
.
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

3
.7

0
3

.0
0

1
6

.
0

0
7

3
.0

0
1

6
.0

0
1

0
.0

0
2

2
.0

0
2

0
8

.0
0

4
9

.4
0

1
0

5
.0

0
1

1
.4

0
2

.2
3

I
d

.
2

5
5

.4
0

1
2

.0
0

2
.9

0

1
9

5
1

8
3

3
1

5
1

3
2

1
6

3
1

6
4

5
4

2
6

4
6

0
3

A
p

ri
l

7
.7

9
1

7
.0

9
1

7
.0

9
1

0
.0

0
0

0
.0

0
0

0
.0

0
0

4
.9

0
8

0
.8

5
5

O
.O

O
U

1
.6

3
7

M
ay

5
.6

8
3

5
.6

8
3

5
.6

8
3

0
.2

3
2

0
.3

8
7

0
.8

8
7

4
.9

4
3

2
.3

3
1

0
.2

«
5

3
.3

5
2

d
u

n
e

6
.7

2
0

6
.9

7
7

6
.9

7
7

2
.9

6
5

3
.8

3
7

3
.6

3
7

7
.5

8
6

7
.7

5
9

1
.6

3
3

7
.2

3
7

d
u

ly
9

.4
2

6
8

.7
6

7
3

.7
1

0
8

.7
6

7
7

.8
2

3
7

.6
2

3
8

.2
0

2
3

.2
0

6
6

.5
3

9
3

.6
7

8
A

u
g

u
st

6.
01

8
5

.6
5

4
7

.5
4

3
3

.7
6

7
7

.3
6

0
7

.8
6

0
6

.9
7

7
0

.0
0

0
5

.6
5

4
0

.9
3

2
S

ep
te

m
be

r
6.

56
9

5.
77

9
3.

41
3

0
.1

2
6

4
.7

9
4

4.
79

4
5.

71
4

0
.0

0
0

3
.7

4
3

0
.0

0
0

O
c
to

b
e
r

5
.1

1
0

4
.3

4
5

1
.8

7
5

0
.0

0
0

0
.8

3
0

0
.8

3
0

4
.4

4
7

0
.0

0
0

0
.7

4
0

0
.0

0
0

•T
ot

al
5

1
.3

1
8

4
4

.4
9

6
4

1
.2

9
1

1
5

.3
5

7
2

6
.0

3
0

2
6

.0
3

0
4

2
.7

7
7

1
4

.1
5

1
1

9
.0

5
4

1
6

.6
3

6

C
ro

c
Y

ie
l~

(u
n

it
s/

A
)

3
.7

0
3

.0
0

1
6

.0
0

7
3

.0
0

1
6

.0
0

1
0

.0
0

2
2

.0
0

2
0

8
.0

0
6

6
.0

0
1

9
7

7
P

ri
c
e

P
V

u
n

it
)

19
77

C
ro

p
va

lu
e

($
/A

)
19

5
18

3
31

5
13

2
16

3
16

4
54

26
4

60
3

14
3



lw
7

C
ro

p
In

fo
rm

a
ti

o
n

C
E

D
A

R
!E

S
A

R
E

S
E

R
V

O
IR

&
C

A
M

A
L

C
O

.

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
—

T
o

ta
l

A
lf

a
lf

a
D

ry
F

ie
ld

C
o

r
n

P
a
s
t
u

r
e

P
e
a
s

P
o

t
a
t
o

e
s

S
u

g
a
r

S
p

ri
n

g
W

in
te

r
O

n
io

n
s

s
w

e
e
t

O
tn

e
r

(K
e
f)

4
a
v

.S
e
e
d

d
e
a
n

s
C

o
r
n

S
i
la

n
e

B
e
e
t
s

G
ra

in
G

r
a
in

C
o

rn
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
-
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

-
.
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

4
0

3
0

1
1

1
3

5
0

2
2

7
5

6
4

3
1

3
1

0
0

l
i
b

5
3

8
3

4
u

C
ro

n
D

is
tr

iD
u

ti
o

n
(%

)
1

0
0

2
6

1
2

7
2

8
o

1
9

1
3

3

C
ro

o
p

la
n

ti
n

g
D

at
e

3
-
2

0
5

-2
;j

5
-
1

0
5

-1
0

•i
-1

5
-2

0
4

-
1

3
-
5

4
-2

6

E
f
f
e
c
ti

v
e

C
lo

v
er

^
a
te

4
—

2
0

7
-1

0
3

-
1

3
-
1

t>
-
1

7
-
2

5
6

-
1

3
j

-
5

7
-2

2

H
a
r
v

e
s
t

D
a
te

6
-
2

0

8
-
5

9
-
2

5

J
-
5

1
0

-
1

0
1

0
-
1

0
1

0
-
3

0
1

0
-
1

0
8

-
1

0
o

-
5

6
-
1

5

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
S

S
S

S
-S

C
.S

S
S

d
o

n
tn

iy
L

v
a
o

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
n

e
s)

•

A
p

ri
l

7
.7

9
1

7
.0

9
1

0
.0

0
0

0
.0

0
0

0
.0

0
0

4
.9

0
9

0
.0

0
0

1
.6

3
7

3
.2

7
4

0
.2

2
8

y
a

w
5

.6
8

3
5

.6
3

3
0

.2
3

2
0

.8
8

7
0

.8
8

7
4

.9
4

3
0

.
2

6
5

3
.3

5
2

4
.3

7
7

1
.4

7
7

J
u

n
e

8
.7

2
0

6
.9

7
7

2
.9

6
5

3
.3

3
7

3
.8

3
7

7
.5

8
8

1
.5

3
3

7
.2

3
7

6
.8

0
2

5
.1

4
4

J
u

ly
9

.4
2

6
6

.7
6

7
3

.7
6

7
7

.3
2

3
7

.8
2

3
6

.2
0

2
6

.5
9

9
3

.6
7

3
1

.9
6

1
8

.6
7

3

A
u

g
u

st
8

.0
1

3
5

.8
5

4
3

.7
6

7
7

.8
6

0
7

.8
6

0
6

.
9

7
7

5
.6

5
4

C
.9

3
2

0
.1

3
8

4
.0

u
3

S
e
p

te
m

b
e
r

6
.

5
6

9
5

.7
7

9
0

.1
2

6
4

.7
9

4
4

.7
9

4
5

.7
1

4
3

.7
4

3
0

.0
U

0
3

.0
0

0
0

.0
0

0

O
c
to

o
e
r

5
.1

1
0

4
.3

4
5

0
.0

0
0

0
.3

3
0

0
.S

3
0

4
.4

4
7

0
.7

4
0

0
.0

0
0

0
.0

0
0

O
.O

O
u

T
o

ta
l

5
1

.3
1

6
4

4
.4

9
6

1
5

.3
5

7
2

6
.0

3
0

2
6

.0
3

0
4

2
.7

7
7

1
9

.0
5

4
1

6
.8

3
6

1
6

.5
7

3
1

3
.5

2
5

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

3
5

_
B

3
S

SS
SS

-—
—

—
=

:
—

iz
:
^

z
z
z
~

~
z
z
^

—
—

—
_

I
~

—
—

—
~

C
ro

p
y

ie
ld

(u
n

it
s/

A
)

4
.0

0
1

9
.0

0
3

0
.0

0
1

9
.

PC
9

.
0

0
2

7
5

.0
0

9
5

.0
0

9
5

.0
0

9
.0

0

1
9

7
7

P
ri

c
e

(S
/u

n
it

)
4

9
.4

0
1

1
.4

0
2

.2
3

1
0

.2
5

5
.4

0
2

.y
o

2
.2

5
2

.2
5

5
3

.0
u

1
9

7
7

C
ro

o
v

a
lu

e
(S

/A
)

23
1

1
3

3
2

1
7

1
7

8
1

9
5

4
9

7
9

3
2

1
4

2
1

4
4

7
7

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

r
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

_
=

_
=

=
=

:
=

:



T
j/

7
C

ro
o

In
fo

rm
a
ti

o
n

u
tL

L
R

A
P

ID
S

M
U

T
U

A
L

IR
M

G
A

T
IG

tf
C

O
.

T
o

ta
l

A
lf

a
lf

a
D

ry
F

ie
ld

C
o

rn
P

a
st

u
re

P
ea

s
p

o
ta

to
e

s
S

u
a
a
r

S
o

ri
n

g
M

in
c
e
r

O
n

io
n

s

(K
ef

)
H

a
v

S
e
e
d

D
e
a
n

s
C

o
rn

S
il

a
q

e
B

e
e
ts

G
r
a
in

G
ra

in

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

2
5

5
1

7
1

2
0

0
5

1
0

3
1

2
7

5
8

9
4

0
3

8
3

0
1

6
4

6
4

0

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

)
1

0
0

5
2

0
5

0
4

1
5

6
0

C
ro

p
P

la
n

ti
n

g
D

at
e

3
-2

0
5

-
2

0
5

-
2

0
4

-
1

5
4

-
1

3
-
5

4
-
1

5

E
f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

4
-
2

0
7

-
1

0
7

-
2

5
7

-
2

0
6

-
1

5
6

-
5

8
-
1

d
a
r
v

e
s
t

T
a
te

6
-
2

0
9

-
5

1
0

-1
0

1
0

-
1

5
3

-1
0

d
~

J
9

-2
0

P
O

P
O

8
—

b

9
-
2

5
-p

*
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

M
c
n

tn
iy

E
v

a
p

o
tr

a
n

s
p

ir
a
ti

o
n

(i
n

c
n

e
s
)

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

A
p

ri
l

7
.7

9
1

7
.0

9
1

0
.0

0
0

0
.

0
0

0
0

.6
4

8
1

.6
3

7
3

.2
7

4
2

.9
6

1

la
y

5
.6

8
3

5
.0

8
3

u
.2

3
2

0
.2

8
5

1
.4

2
0

3
.3

5
2

4
.3

7
7

4
.2

6
4

d
u

n
e

3
.7

2
0

6
.9

7
7

2
.9

6
5

1
.8

3
3

4
.5

3
3

7
.2

3
7

6
.3

0
2

8
.6

3
4

J
u

ly
9

.4
2

6
6

.7
6

7
8

.7
6

7
6

.
5

9
9

7
.0

7
1

3
.6

7
8

1
.9

3
1

a
.l

O
o

A
u

g
u

st
8

.0
1

8
5

.8
5

4
8

.7
6

7
5

.8
5

4
6

.1
7

6
0

.3
3

2
0

.1
3

8
3

.6
d

y

S
e
p

te
m

b
e
r

6
.5

6
9

5
.7

7
9

0
.1

2
6

3
.7

4
3

5
.0

5
8

0
.0

0
0

u
.

0
0

0
0

.6
1

5

u
c

to
o

e
r

5
.1

1
0

4
.3

4
5

0
.0

0
0

0
.7

4
U

0
.2

2
4

0
.0

0
0

0
.0

0
0

0
.

00
U

T
o

ta
l

5
1

.3
1

8
4

4
.4

9
6

1
5

.8
5

7
1

9
.0

5
4

2
5

.1
2

8
1

6
.8

3
6

1
6

.
5

7
3

2
8

.1
9

0
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

:
=

=
=

=
=

C
ro

p
Y

ie
ld

(u
n

it
s/

A
)

7
.0

0
2

0
.0

0
3

3
0

.0
U

2
0

.4
0

7
7

.0
0

7
7

.0
0

3
0

0
.0

0

1
9

7
7

P
ri

c
e

($
/u

n
it

)
4

9
.4

0
1

1
.4

0
2

.9
0

1
5

.3
4

2
.2

5
2

.2
5

2
.6

0

1
3

7
7

C
ro

o
V

a
lu

e
(S

/A
)

5
9

0
3

4
6

2
2

3
9

5
7

3
1

3
1

7
3

1
7

3
7

8
U

C
o

r
n



C
ro

p
.A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

io
u

ti
o

n
(%

)
C

ro
p

P
la

n
ti

n
q

D
at

e
d

f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

a
a
r
v

e
s
t

D
a
te

A
p

r
i
t

M
a
y

J
u

n
e

J
u

ly
A

u
g

u
s
t

S
e
p

te
m

b
e
r

o
c
t
o

o
e
r

T
o

ta
l

C
ro

p
Y

ie
ld

(u
n

it
s
/A

)
1

9
7

7
P

ri
c
e

($
/u

n
it

)
1

9
7

7
C

ro
o

v
a
lu

e
($

/A
)

Y
il

i
C

ro
o

I
n

f
o

r
n

a
ti

o
n

K
IN

G
H

IL
L

IR
R

IG
A

T
IO

N
D

IS
T

R
IC

T

lo
t
a
i

A
l
f
a
l
f
a

D
ry

F
ie

ld
C

o
r
n

P
a
s
t
u

r
e

(R
e
f)

H
a
y

S
e
e
d

l
e
a
n

s
C

o
r
n

S
il

a
q

e
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

1
1

0
0

0
3

3
1

0
2

7
0

7
6

0
1

7
6

5

1
0

0
3

5
2

7
1

8

3
-2

0
5

-
2

0
5

-
1

0
4

-
1

4
-
2

0
7

-
1

0
3

-
1

5
-
i

6
-
2

0
j

-
5

1
0

-
1

0
1

0
-
3

0

8
-
5

9
-
2

5

=
=

=
=

=
=

=
=

=
=

=
=

=
=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

M
o

n
tn

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
n

e

7
.7

9
1

7
.0

3
1

0
.U

0
O

0
.0

6
0

4
.9

0
8

5
.6

8
3

5
.6

3
3

0
.2

3
2

0
.8

3
7

4
.9

4
3

8
.7

2
0

6
.9

7
7

2
.9

6
5

3
.8

3
7

7
.5

8
8

9
.4

2
6

8
.7

6
7

8
.7

6
7

7
.8

2
3

P
.

2
0

2

8
.0

1
8

5
.8

5
4

3
.7

5
7

7
.8

6
0

6
.

9
7

7

6
.5

6
9

5
.7

7
9

0
.1

2
6

4
.7

9
4

5
.7

1
4

5
.1

1
0

4
.3

4
5

0
.0

0
0

0
.3

3
0

4
.4

4
7

5
1

.3
1

8
4

4
.4

%
1

5
.3

5
7

2
6

.0
3

0
4

2
.7

7
7

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

5
.8

0
2

0
.0

0
1

7
.8

0
8

.0
0

4
9

.4
0

1
1

.4
0

1
0

.2
5

5
.4

0

2
4

4
2

8
7

2
2

8
1

8
2

4
3

P
ea

s
p

o
ta

to
e
s

S
u

g
ar

S
o

ri
n

g
P

in
te

r
o

n
io

n
s

S
w

ee
t

O
tn

er
B

e
e
ts

G
ra

in
G

ra
in

C
o

rn

5
4

5
7

9
0

2
4

4
5

5
7

2
2

3
-2

0
4

-I
:o

4
-
1

7
-2

5
7

-2
0

6
-1

5

1
0

-1
0

1
U

-1
5

8
-1

0

U
.0

0
0

0
.

6
4

6
1

6
3

7

0
.2

3
5

1
4

2
0

3
3

5
2

1
.8

3
3

4
5

3
3

7
2

3
7

6
.5

9
9

7
0

7
1

3
6

7
3

5
.b

5
4

6
1

7
6

0
9

3
2

3
.7

4
3

5
0

5
8

0
0

0
0

0
.7

4
0

0
2

2
4

0
0

0
0

5
7

5
4

0

5
U

4
-2

6
5

-
1

7
-2

2
7

-l
U

8
-1

5
6

-
1

0
.2

2
8

0
.U

U
O

1
.4

7
7

O
.O

O
u

5
.1

4
4

O
.O

O
u

8
.6

7
3

O
.0

U
O

4
.0

0
3

0
.0

0
!.

'

U
.0

0
U

O
.O

O
u

0
.0

0
0

0
.0

0
0

1
9

.0
5

4
2

5
.1

2
3

1
6

.8
3

6
1

9
.5

2
5

O
.O

O
u

3
0

3
.0

0
2

2
.5

0
6

0
.0

0
3

.8
0

2
0

.0
0

2
.9

0
1

5
.3

4
2

.2
5

5
3

.0
0

1
6

.0
0

8
7

9
54

5
18

u
20

1
32

0



C
ro

p
A

c
re

a
g

e
(a

c
re

s
)

C
ro

p
D

is
tr

ib
u

ti
o

n
(%

)
C

ro
p

P
la

n
ti

n
g

D
at

e
E

f
f
e
c
ti

v
e

C
o

v
e
r

D
a
te

P
a
r
v

e
s
t

D
a
te

1
^

7
7

c
ro

p
in

fo
rm

a
ti

o
n

S
E

T
T

L
E

R
S

IR
R

IG
A

T
IO

N
D

IS
T

R
IC

T

7
2

0
3

9
0

8
4

3
-
1

5
3

-
1

7
-
1

5
6

-
3

0
-
1

d
-
1

T
o

ta
l

A
lt

"
U

f
a

D
ry

F
ie

ld
(T

o
rn

P
a
s
tu

r
e

(R
e
f)

!i
a
v

S
e
e
d

B
e
a
n

s
C

o
r
n

S
il

a
g

e
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

9
4

4
3

2
7

7
5

1
0

0
3

5
0

1
8

4
0

2
2

6
8

1
0

0
2

9
1

1
0

1
9

2
4

3
-1

5
5

-
2

5
5

-
1

5
-
1

3
-
2

5

4
-1

5
7

-
1

5
7

-
1

7
7

-
1

7
4

-
3

0

5
-
2

5
J

-
3

9
-3

0
3

-
5

0
1

0
-
3

0

/
-
5

8
-1

5

l
u

-
1

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

M
o

n
th

ly
E

v
a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
h

e
s)

6
.

8
9

5
5

.3
7

6
0

.U
0

U
0

.0
0

0
0

.0
0

0
4

.b
8

8

5
.6

3
5

4
.8

4
5

0
.1

3
4

1
.4

0
6

1
.4

0
6

4
.9

0
2

8
.4

5
9

7
.1

6
3

1
.9

4
7

4
.9

3
9

4
.9

3
9

7
.3

5
9

9
.3

5
7

6
.8

3
1

3
.2

3
4

3
.7

9
6

8
.7

9
6

8
.1

4
1

8
.4

9
0

6
.3

7
1

5
.3

5
0

7
.7

3
0

7
.

7
3

0
7

.3
6

8

6
.2

0
3

6
.0

7
7

0
.2

7
3

3
.3

4
8

3
.3

4
3

5
.3

9
u

2
.7

9
9

2
.0

4
6

O
.O

d
O

0
.0

U
U

0
.0

0
0

4
.4

4
7

7
.8

3
8

3
8

.
7

3
4

1
5

.9
3

3
2

6
.2

7
0

2
6

.2
7

0
4

2
.3

2
1

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

4
.

3
0

0
.0

0
7

6
.0

0
1

9
.3

0
8

.0
0

4
3

.4
0

1
1

.4
0

2
.2

3
1

0
.2

5
5

.4
0

1
8

5
2

3
7

c)
1

6
9

1
9

6
4

3

A
p

ri
l

6
.8

9
5

5
.3

7
6

O
.U

O
u

0
.0

0
0

0
.0

0
0

4
.b

8
8

1
.0

3
4

3
.2

4
2

M
av

5
.6

3
5

4
.8

4
5

0
.1

3
4

1
.4

0
6

1
.4

0
6

4
.9

0
2

1
.3

1
6

4
.4

5
1

d
u

n
e

6
.4

5
9

7
.1

6
3

1
.9

4
7

4
.9

8
9

4
.9

8
3

7
.3

5
9

5
.1

6
0

6
.2

5
0

d
u

ly
9

.3
5

7
6

.8
3

1
3

.2
3

4
8

.7
9

6
8

.7
9

6
8

.1
4

1
7

.2
0

5
1

.5
9

1
A

u
g

u
st

8
.4

9
0

6
.3

7
1

5
.3

5
0

7
.7

3
0

7
.7

3
0

7
.3

6
8

6
.5

3
8

O
.O

O
O

S
e
o

te
n

iO
e
r

6
.2

0
3

6
.0

7
7

0
.2

7
3

3
.3

4
8

3
.3

4
3

5
.3

9
u

4
.7

7
7

0
.0

0
0

O
c
to

b
e
r

2
.7

9
9

2
.0

4
6

O
.O

dO
O

.O
u

u
0

.0
0

0
4

.4
4

7
0

.0
0

0
0

.0
0

0
T

o
ta

l
4

7
.8

3
8

3
8

.7
3

4
1

5
.9

3
3

2
6

.2
7

0
2

6
.2

7
0

4
2

.3
2

1
2

6
.6

3
1

1
5

.5
4

3

C
ro

o
Y

ie
ld

(u
n

it
s/

A
)

4
.3

0
0

.0
0

7
5

.0
0

1
9

.3
0

8
.0

0
2

1
.2

0
6

7
.0

0
13

77
P

ri
c
e

($
/u

n
it

)
4

3
.4

0
1

1
.4

0
2

.2
3

1
0

.2
5

5
.4

0
1

5
.3

4
2

.2
5

19
77

C
ro

o
'v

al
u

e
($

/A
)

1
8

5
23

7
0

1
6

9
19

6
43

32
5

1
5

1

2
0

0
2

0
0

2
2

5
-
l
d

4
-
2

5

7
-
2

0
7

-
5

8
-
1

i
-
1

0
.0

0
0

0
.5

8
2

0
.6

6
6

1
.6

9
2

3
.8

8
9

5
.2

4
2

8
.1

4
1

7
.2

9
3

O
.O

u
O

O
.O

u
u

O
.u

u
u

0
.

O
u

u

O
.O

O
O

O
.O

O
u

2
.7

1
3

1
4

.3
1

5
=

=
=

=
=

=
=

=
=

=
=

2
.4

0
4

5
.0

u

5
3

.
O

w
1

6
.

O
u

1
2

7
7

2
0



II M U ii
II ii ! > il

II ii • I
ll H il
il u 40 ll

II ii !U :j II
ll ii d u il

II
,1

H
ii

3
8

il
ll

II n II
II ii •I) ll

II ii r li EN rH Ul H J

II ii 0 li v'l I—1 1 • ^

II n H OO 1 1
II n r ll CO

II H 3 II
II ii ll

II ii ll

II
ii
ii

O
3

c
•H !!

3 m in
rH

i 1
eg

if]
rg

II ii c rg n 73 1 i 1
II H •H M ii CN oo ul r-

1! il i-4" !;
ii ii m ii
H ii rt L ii r^ -H rH m H
H H •H H ii —i CN 1 i 1

H ii u Cl H :J1

H H n io ii OO 00
H H ji d' H

!!
H

II
ii

ll
II

u
in i3 CN OO uO in rH

ii ll rr 0) H CO rH rH 1

1! ll *j d ii 3 1 1
1! t/j "i ii H m P» Gj

9 II

II
II
II 0)

ii cn
il rj

il —i co m 3 m
II 0 n co rg
II ai III
II CN rr 3 Oi
II
II
II
II in 3 rH co m
II rr I I CN
II I
II co cc r-
II

II O Oi in cN 3
II in rH fN CI
ll m ill
II CO oo rr 3

g II oi
C 01 II r-|

W II

II GO Is-
C II rH
U II CO
O II CN

8I
II

U) II CJO rH
C II P-
(0 II oo

m !!

I rH rn
I I

m -n ai
CN rH I

I I

II
II
II
ll co rr m ^i m

<n ii in
5 II rH
<u ii m

I i

il ll rH > ii i0 co m
II II rt: crj II rH rg |

•ii in m m rH
I CM | rH |

I I
rr m Is- oo 3

-H —. ii m 3
ro cj-i II cm 3
4J II II 3 rH
O 04 II 00

II !/] •"•" 3
II _ e g
II m c g-» c5
II o o '0
II (Tj -H 3 H
II •— go _
il 3 cr >
1' oj o c o B)
1! rj h -h Q JO

1!
II

g i-i go
ey go C Oi s

II U 'JI a >
II (J .H rH 'H go

II < U Ql d rn

ll u 0)

II
II 8-8'3cy >

II K ll ^Ul n
II U U U 3 3

II ii
:i il
il il
H ii

il il
il

il il

tv p» rr p- 0 m 0
H M P rf IN H 0
vfi IN co C0 CO CO 3

CN rr CO CO CO O 3

jt in rr m o o 3 CTn
rH CO "CI '.0 C0 3 3 01
rrrs-rrr-333 00

II
II
II
II

<g •--r •V 3 •0 3 3 rr

-H

II
ll
II
II

P»
CM ll

II
II
II

II eg H f 3 --J o o 3 CO II o ,-M Is- II

1! rr in O £fi .0 o O rr II 3 :m O il

II
II

CN rr C'-J in
-J

o 3 if) II
ll rr rg

—( II
II

II PO H" , p H (CO Q C3 in II r- II

II -H II II

M II II
II rr '.0 O i/i or- r^ rH II O -•r CD II
li CO H v- O0 CO r- o m ll rr m in II
II 3 01 r-i CN •n P* o co ll CO II
II II m in II

II -H r-( Ifl P* i0 rr 0 • p II rg —i II

II og il 1
II II II

II C0 r^ CO on OO O 3 •N II 3 C0 CN II

II CN On rH '.11 O ' 3 II C,1 'JO
!!

II
rH rH rr o "'•> CO 0 II

II rr N II

H H in r» ir. CN 1 0 II II

II og ll OO li

II CO rH CO r~\ o c -> ^0
II
II o 3 0 i!

II i;1 i-i fN O . 3 r- II n •_> m II

ll
II

P~" en in r-< o c_> o r*- II
ll > CN

rr II
II

m o cd a rn

il o

O r-i 3 m
c- m 7i co

— <n rr r-

r-i CO 3 P- "W H
•cr oo 3 rr rr ll
h n ii <r oi ii

H
co p- m rr pi it

O 3 oo C31
•H O 3 f0
4J 3 rr 3
irj • • •

li 3 .n on
ll n< cn ji

00 3 3 II rH rH

Q
0} 3 ai 3 3 00

Ji oo rr
r- p- oo

3 t-< rr 'T PIIO CO II ON

iH Q t P
J> 3 CO -3-

rr 3 oo
oo in P»
rg oo cm

>. 3 3 rH 'JC1 UO O O '.O | rH rH
rH rH ll
XJ
gj in in in rr r~ 3 irj cn ii 3 3
S21CO_lrHCJ10C1r-rOO || 03

CO co p j} ro »r o CP || . .
•r II o cn

i0 in i0 oo ro cm eg cn ii 3

ID m oc: r-J r-l P~ L3 co ll
ci rr to co r- p» n- m n
00 3 rH ai co o 3 CN |l

il
C0 rr Is- 10 CD CO CM 3 II

ui in oo PQCicjia ll
oi oo uo in cji o ci oo ii
00 CO rr ro rr CM P~ '0 ll

no m co i-ri co 3 cn r- ii

4J ;"; CJ
'II i) a

(1) >• 1 gj o
c 'H rv a 3

o. a d 03a fj n
< '0 Q

\ 40 CO ii

'n •H s~ li
gj c

ii
H 43 gj
_ co- ~H ii

' ' -;3
i!
ii

rH 8 d ii
') •H 0 ii
H U H ii

:"
S '.> n

n
p» p» n

J p» P» il

227



P
O

P
O

1
9

7
7

C
ro

p
In

fo
rm

a
ti

o
n

L
IT

T
i.

fi
d

lL
L

O
M

IR
R

IG
A

T
E

D
IS

T
R

IC
T

io
ta

l
A

lf
al

fa
sr

v
Fi

el
d

C
om

pa
st

ur
e

Pe
as

Po
ta

to
es

M
ug

ar
Sc

ri
nq

P
in

te
r

on
io

ns
Sw

ee
t

O
th

er
(p

el
)

na
y

Se
ed

B
ea

ns
C

or
n

S
il

ag
e

M
ee

ts
C

ra
in

G
ra

in
CO

rn

C
ro

p
A

cr
ea

ge
(a

cr
es

)
23

71
10

76
61

35
0

25
9

C
ro

p
D

is
tr

ib
u

ti
o

n
po

)
10

0
45

3
15

T
I

C
ro

p
P

la
n

ti
n

g
D

at
e

4
-5

5
-
1

5
-
1

3
-2

o
P

ff
ec

ti
v

e
C

ov
er

pa
te

5
-5

7-
17

7-
17

4-
30

rf
ar

v
es

t
d

at
e

6-
25

9-
30

s-
3

0
10

-3
0

d
-
j

>
-1

5

M
o

n
ti

il
y

E
v

a
p

o
tr

a
n

sp
ir

a
ti

o
n

(i
n

c
n

e
s)

A
P

ri
i

b-
39

5
4.

61
8

0.
00

0
0.

00
0

5.
13

4
l.

u3
4

1.
31

1
•'1

aV
5.

63
5

5.
63

5
1.

40
8

1.
40

8
4.

90
2

1.
91

6
2*

04
8

Ju
ne

8-
45

9
7.

27
8

4
.9

8
9

4.
98

9
7.

35
9

5.
16

0
6.

68
7

Ju
ly

^-
35

7
7.

94
9

8.
79

6
8.

79
6

8.
14

1
7.

20
5

6
93

2
^

9,
us

c
8.

49
0

6.
19

6
7.

73
0

7.
73

0
7.

38
8

p.
.5

38
1.

44
4

S
ep

te
m

be
r

6.
20

3
4.

65
1

3.
34

8
3.

34
8

5.
39

6
4.

77
7

0
00

0
ec

to
o

er
2.

79
3

2.
74

2
0.

00
0

U
.u

O
O

4.
44

7
0.

00
0

0.
00

0
v

o
ta

i
47

.8
38

39
.0

69
26

.2
70

26
.2

70
42

.7
67

26
.6

31
19

.0
23

2
5

6
0

0

1
2

5

3
-
1

5
4

-
1

7
-
1

5
7

-
3

L
O

-
1

9
-L

C
ro

p
Y

ie
ld

(u
ni

ts
/A

)
6.

00
16

0.
00

25
.0

0
8.

00
25

.0
0

80
.0

0
1*

77
P

ri
ce

(V
u

n
it

)
49

.4
0

2.
23

10
.2

5
5.

40
15

.3
4

7
25

1*
77

C
ro

o
va

lu
e

($
/A

)
23

6
29

6
35

7
25

6
43

38
4

18
0



APPENDIX D

MONTHLY WATER USE AND EFFICIENCIES OF
COOPERATING IRRIGATION PROJECTS DURING 1977

page

Enterpri se 230

Parks & Lewisville 231

Osgood 232

Idaho 233

Danskin 234

Burl ey 235

A & B 236

Mi 1ner Low Li ft 237

North Side 238

Wood Ri ver Vail ey 239

Salmon River 240

Cedar Mesa 241

Bell Rapids 242

King Hill 243

Settlers 244

S. Board of Control 245

Little Willow 246

229



r
o

o
o

o

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l
P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

l
o
s
s
e
s

F
a
r
m
D
e
l
i
v
e
r
i
e
s

So
il

H
D
i
s
t
u
r
e

C
h
a
n
g
e

E
f
f
.
P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t

C
o
n
v
.

E
f
f
.
(
%
)
*
*

P
r
o
j
e
c
t

A
p
p
.

£f
f.
(%
)

P
r
o
j
e
c
t
I
r
r
i
g
.

E
f
f
.
(
%
)

A
p
r
i
l

1
9
7
7

p
r
o
j
e
c
t
w
a
t
e
r

B
a
l
a
n
c
e

(
A
c
r
e
-
F
e
e
t
)

E
N
T
E
R
P
R
I
S
E

I
R
R
I
G
A
T
I
O
N

D
I
S
T
R
I
C
r

1
9
7
7
I
r
r
i
g
a
t
e
d

A
r
e
a

5
9
7
0
A
c
r
e
s

M
a
y

J
u
n
e

J
u
l
y

A
u
g
u
s
t

S
e
p
t
e
m
b
e
r

O
c
t
o
o
e
r

S
e
a
s
o
n

'
i
o
t
a
l

A
F

A
F
/
?
\
c
r
e

0
2

4
9

0
5

1
5

6
5

4
0

4
5

0
5

3
2

0
0

0
0

2
0

1
0

1
3

.3
6

7
0

0
0

0
0

0
0

0
0

0
.0

0
0

0

0
0

0
0

0
0

0
0

0
.0

0
0

0

0
2

4
9

0
5

1
5

6
5

4
0

4
5

0
5

3
2

0
0

0
0

2
0

1
0

1
3

.3
6

7
0

0
1

7
4

4
7

4
2

4
9

3
2

3
1

5
2

0
1

3
7

2
0

.2
2

9
9

0
5

5
7

6
5

6
6

1
3

5
3

9
3

1
0

0
2

6
7

5
0

.4
4

8
0

0
1

7
5

9
4

0
2

5
4

5
4

2
4

1
9

0
1

5
3

8
0

1
6

0
5

3
2

.6
3

9
0

0
8

5
4

8
2

7
-
8

2
9

-
1

6
1

-
3

5
3

0
3

3
7

0
.0

5
6

5

0
1

1
6

3
7

8
8

5
8

3
1

6
7

3
2

8
0

3
0

3
0

0
.5

0
7

5

0
1

4
4

4
2

6
0

9
4

0
0

1
2

1
4

2
1

2
7

8
0

1
1

4
7

4
1

.9
2

1
9

0
1

1
3

5
2

6
4

8
2

5
8

8
1

8
1

4
5

9
6

0
3

7
8

2
1

.4
7

0
9

0
3

3
9

5
7

7
6

8
1

8
5

9
2

7
8

0
2

7
3

4
0

.4
5

7
9

0
2

8
5

7
9

9
1

2
7

3
1

5
1

7
6

6
4

0
4

5
3

8
0

.7
6

0
2

0
5

1
3

1
0

5
2

9
2

9
1

1
8

2
4

3
0

0
4

1
0

6
0

.6
8

7
8

.
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

0
7

1
7

8
3

4
8

3
7

7
0

8
0

8
0

0
6

5
6

6
5

7
4

3
3

9
0

5
5

5
5

0
4

6
5

1
4

8
3

6
3

0
0

4
4

4
4

*
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t

=
e
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n
-

e
f
f
e
c
t
i
v
e

p
r
e
c
i
p
i
t
a
t
i
o
n

+
so
il

m
o
i
s
t
u
r
e

c
n
a
n
g
e

*
*
P
r
o
j
e
c
t
c
o
n
v
e
y
a
n
c
e

e
f
f
i
c
i
e
n
c
y

=
(
f
a
r
m
d
e
l
i
v
e
r
i
e
s
)

/
(
t
o
t
a
l

i
n
f
l
o
w
)

*
10
0

*
*
P
r
o
j
e
c
t
a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(f
ar
m
d
e
l
i
v
e
r
i
e
s
)

*
10
0

**
P
r
o
j
e
c
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)

*
10
0



r
o

c
o

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l

P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

L
o
s
s
e
s

F
a
r
m

D
e
l
i
v
e
r
i
e
s

S
o
i
l

M
o
i
s
t
u
r
e

C
h
a
n
g
e

Ef
f.

P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t
C
o
n
v
.

E
f
f
.
(%
)
*
*

P
r
o
j
e
c
t

A
p
p
.

Ef
f.
(%
)

p
r
o
j
e
c
t
I
r
r
i
g
.
E
f
f
.
(
%
)

19
77

P
r
o
j
e
c
t
R
a
t
e
r
B
a
l
a
n
c
e

(
A
c
r
e
-
F
e
e
t
)

P
A
R
K
S

&
L
E
W
I
S
V
I
L
L
E

I
R
R
I
G
A
T
I
O
N

O
O
.

I
N
C
.

1
9
7
7

I
r
r
i
q
a
t
e
d
A
r
e
a

8
5
0
0

A
c
r
e
s

i
l

w
ay

J
u

n
e

J
u

ly
A

u
g

u
st

S
e
p

te
m

o
e
r

O
c
to

b
e
r

S
e
a
s
o

n

A
F

'i
o

ta
l

A
F

/A
c
re

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

0
1

8
9

0
9

2
1

8
0

1
2

1
2

4
9

2
0

5
9

5
1

6
0

0
1

7
3

9
3

1
0

5
9

4
7

1
2

.4
6

4
4

0
0

0
0

0
0

0
0

0
.0

0
0

0

0
0

0
0

0
0

0
0

0
.0

0
0

0

0
1

8
9

0
9

2
1

8
0

1
2

1
2

4
9

2
0

5
9

5
1

6
0

0
1

7
3

9
3

1
0

5
9

4
7

1
2

.4
6

4
4

0
4

7
6

5
7

8
9

2
6

9
4

9
1

0
3

1
8

8
3

3
6

4
9

9
8

4
3

2
5

7
5

.0
8

9
1

0
2

3
1

5
1

9
1

8
1

8
1

6
1

6
0

5
1

2
4

6
8

5
8

9
7

5
9

1
.1

4
8

1

0
1

1
8

2
8

1
1

9
9

0
1

2
4

8
5

8
6

7
2

6
4

1
8

1
5

3
7

5
2

9
3

0
6

.2
2

7
1

0
9

0
3

4
0

0
-
8

8
0

-
3

8
6

-
2

4
0

-
3

4
0

-
5

4
4

-
0

.0
6

4
0

0
9

5
6

1
4

8
9

4
6

1
4

5
4

2
6

8
2

2
3

6
5

0
0

.4
2

9
5

0
2

1
6

5
4

0
1

3
5

7
4

5
2

8
7

5
1

6
9

9
8

8
1

1
7

3
7

8
2

.0
4

4
4

0
2

1
1

1
2

9
2

3
4

4
0

4
2

0
3

5
1

1
9

1
5

1
9

1
3

1
8

3
1

.5
5

0
9

0
0

0
0

0
0

0
0

0
.0

0
0

0
0

9
7

1
7

9
0

6
7

8
0

8
1

6
6

3
7

5
2

2
7

1
0

1
8

3
9

7
4

7
4

.6
7

6
2

0
4

7
6

5
7

8
9

2
6

9
4

9
1

0
3

1
8

8
3

3
6

4
9

9
8

4
3

2
5

7
5

.0
8

9
1

0
6

3
5

5
5

9
4

2
4

0
2

1
5

0
5

0

0
1

8
2

4
3

5
2

3
1

9
3

4
2

5
2

5

0
1

1
1

3
2

1
1

0
7

7
1

2
1

2

*
I
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t

=
e
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

-
e
f
f
e
c
t
i
v
e

p
r
e
c
i
p
i
t
a
t
i
o
n

+
s
o
i
l
m
o
i
s
t
u
r
e
c
h
a
n
g
e

*
*
P
r
o
j
e
c
t
c
o
n
v
e
y
a
n
c
e

e
f
f
i
c
i
e
n
c
y
=

(
f
a
r
m
d
e
l
i
v
e
r
i
e
s
)

/
(
t
o
t
a
l

in
fl
ow
)

*
10
0

**
P
r
o
j
e
c
t
a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(f
ar
m
d
e
l
i
v
e
r
i
e
s
)

*
10
0

*
*
P
r
o
j
e
c
t
i
r
r
i
g
a
t
i
o
n

e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(t
ot
al

i
n
f
l
o
w
)

*
10
0



r
o

c
o

r
o

R
i
v
e
r

(
R
e
s
.
)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

T
o
t
a
l
P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

L
o
s
s
e
s

F
a
r
m

D
e
l
i
v
e
r
i
e
s

S
o
i
l
M
o
i
s
t
u
r
e

C
h
a
n
g
e

Ef
f.

p
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t

C
o
n
v
.

E
f
f
.
(
%
)
*
*

P
r
o
j
e
c
t
Ap
p.

Ef
f.
(%
)

P
r
o
j
e
c
t

I
r
r
i
g
.

E
f
f
.
(
%
)

A
p
r
i
l

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1
9

7
7

P
ro

je
c
t

w
a
te

r
B

a
la

n
c
e

(A
c
re

-F
e
e
t)

O
SG

O
O

D
C

A
rt

A
L

C
O

.
(U

&
I

SU
G

A
R

C
O

.)

1
9

7
7

Ir
ri

g
a
te

d
A

re
a

6
2

2
0

A
c
re

s

M
a
y

J
u
n
e

J
u
l
y

A
u
g
u
s
t

6
1

0
3

2
7

6
4

4
9

6
3

7
1

8
2

5
5

3

0
0

0
0

0

5
8

3
1

1
4

2
6

3
5

3
2

4
2

6
6

8
3

5
8

7
4

9
2

3
4

0
7

1
2

7
9

5

1
1

1
3

5
7

3
6

9
3

6
9

2
0

8

2
0

8
4

5
7

4
9

9
4

0
8

3
0

3

3
4

9
2

7
7

3
4

0
5

5
3

2
9

4
2

2
8

5

3
1

3
7

9
1

3
8

-
1

8
3

-
5

0
5

6
9

8
6

2
8

6
6

4
3

0
8

2
0

8

7
0

0
2

1
3

0
3

9
9

8
2

5
9

9
1

4
9

6

3
1

5
2

2
9

3
3

3
7

2
2

1
0

8
7

8
4

0
0

0
0

0

3
4

4
8

1
6

8
3

1
1

8
6

1
5

0
1

1
1

1
3

5
7

3
6

9
3

6
9

2
0

8
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

5
2

7
7

8
2

3
1

8
2

9
0

8
3

8
3

6
4

3
4

4
7

6
4

6
8

5
2

2
8

c
to

b
e
r

S
e
a
s
o

n
i
o

t
a
l

A
F

A
F

/A
c
re

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=
=

8
2

4
1

5
4

7
8

2
.4

3
8

4

0
0

0
.0

0
0

0

7
8

1
4

6
8

0
.2

3
6

0

9
0

2
1

6
9

4
6

2
.7

2
4

4

3
9

1
5

0
3

0
.2

4
1

6

1
1

1
1

9
8

4
0

.3
1

9
0

7
0

2
1

3
4

5
8

2
.1

6
3

7

-
1

6
8

2
3

6
0

.0
4

6
0

1
7

2
5

2
2

0
.4

0
5

5

2
8

5
1

1
2

0
7

1
.8

0
1

8

1
0

0
8

9
7

1
1

.4
4

2
3

0
0

0
.0

0
0

0
6

0
2

4
4

8
7

0
.7

2
1

4

8
9

1
5

0
3

0
.2

4
1

6
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=
=

=
=

=
=

=
=

7
8

7
9

7
9

1
4

6
7

6
7

1
1

5
3

5
3

*
I
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t

=
e
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

-
e
f
f
e
c
t
i
v
e
p
r
e
c
i
p
i
t
a
t
i
o
n
+

s
o
i
l
m
o
i
s
t
u
r
e

c
h
a
n
g
e

**
P
r
o
j
e
c
t
c
o
n
v
e
y
a
n
c
e

e
f
f
i
c
i
e
n
c
y
=

(f
ar
m
d
e
l
i
v
e
r
i
e
s
)

/
(t
ot
al

in
fl
ow
)

*
10
0

**
P
r
o
j
e
c
t
a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y
=

(i
rr
ig
at
io
n

re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

*
*
P
r
o
j
e
c
t

i
r
r
i
g
a
t
i
o
n

e
f
f
i
c
i
e
n
c
v
=

(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(t
ot
al

in
fl
ow
)

*
10
0



r
o

c
o

c
o

R
iv

e
r

(R
es

.)
D

iv
e
rs

io
n

S
u

p
p

le
m

en
ta

ry
In

fl
o

w
G

ro
u

n
d

w
a
te

r
D

iv
e
rs

io
n

io
ta

l
P

ro
je

c
t

In
fl

o
w

O
p

e
ra

ti
o

n
a
l

L
o

s
s
e
s

S
e
e
p

a
g

e
L

o
s
s
e
s

F
a
rm

D
e
li

v
e
r
ie

s

S
o

il
M

o
is

tu
re

C
ha

ng
e

E
ff

.
P

re
c
ip

it
a
ti

o
n

E
v

a
p

o
tr

a
n

s
p

ir
a
ti

o
n

Ir
ri

g
a
ti

o
n

R
e
q

u
ir

e
m

e
n

t*
R

u
n

o
ff

L
o

s
s
e
s

D
ee

p
P

e
rc

o
la

ti
o

n
P

ro
je

c
t

R
e
tu

rn
F

lo
w

P
ro

je
c
t

C
on

v.
E

ff
.(

%
)*

*
P

ro
je

c
t

A
pp

.
E

ff
.(

%
)

P
ro

je
c
t

ir
r
ig

.
E

ff
.(

%
)

A
p

ri
l

0 0 0 0 0 0 0 0 0 0 0 0 0 0

19
77

P
ro

je
c
t

w
a
te

r
B

al
an

ce
(A

cr
e-

F
ee

t)

ID
A

H
O

IR
R

IG
A

T
IO

N
D

IS
T

R
IC

T

1
9

7
7

Ir
ri

g
a
te

d
A

re
a

35
60

0
A

c
re

s

M
ay

J
u

n
e

J
u

ly
A

u
g

u
st

S
e
p

te
m

b
e
r

O
c
to

b
e
r

4
1

0
8

6

5
9

1
6 0

4
7

0
0

3

2
1

1
5

1

1
3

3
5

5

1
2

4
9

7

4
4

8
3

3
9

4
5

8
3

0
4

3
8

4
2

1
3

3
5

2
3

2
0

2
2

4
8

7

2
7

7
1

1
9

6
3

9
8

8

5
8

2
3 0

6
9

8
1

1

1
4

4
0

7

1
2

6
6

4

4
2

7
4

0

2
3

9
0

3
5

9
5

1
5

8
3

1

1
4

6
2

6

7
5

8

2
7

3
5

6

1
5

1
6

5

6
1

3
4

2
1

6
6

4
7

4

2
8

5
8 0

6
9

3
3

2

9
1

5
7

1
1

8
4

1

4
8

3
3

5

-
4

2
2

1

3
8

0
3

2
3

7
8

0

1
5

7
5

6

4
8

2

3
2

0
9

7

9
6

3
9

7
0

3
3

2
3

5
2

0
6

0

3
9

0
4 0

5
5

9
6

5

1
8

0
5

2

9
4

0
8

2
8

5
0

5

-
1

1
2

8

1
5

1
7

1
1

7
1

4

9
0

7
0

9
5

0

1
8

4
8

5

1
9

0
0

2

5
1

3
2

1
6

4
4

4
6

5

3
0

2
4 0

4
7

4
8

8

1
4

1
9

3

7
3

5
6

2
5

4
3

9

-
1

3
4

6

8
9

6

6
5

2
1

4
2

7
8

7
4

7

2
0

4
1

4

1
4

9
4

0

5
4

1
7 9

2
2

9
9

9

1
7

0
2 0

2
4

7
0

1

6
2

7
1

5
7

5
3

1
2

6
7

7

-
1

1
3

5

1
1

6

2
6

8
1

1
4

2
9

3
3

0

1
0

9
1

8

6
6

0
1

5
1

1
1 6

S
e
a
s
o

n
T

o
ta

l

A
F

A
F

/A
c
re

2
9

1
0

7
0

2
3

2
2

8 0

3
1

4
2

9
7

8
3

2
3

1

6
0

8
7

6

1
7

0
1

9
0

-
9

5
7

1
3

8
7

1

6
3

8
3

0

5
4

0
0

1

4
6

0
3

1
1

1
5

8
0

8
7

8
3

3

5
4

3
2

1
7

3
.1

7
6

1

0
.6

5
2

5
0

.0
0

0
0

8
.8

2
8

6

2
.3

3
7

9

1
.

7
1

0
0

4
.7

8
0

6

-0
.0

2
6

9

0
.3

8
9

6

1
.9

3
3

4
1

.5
1

6
9

0
.1

2
9

3
3

.1
3

4
4

2
.4

6
7

2

5
4

3
2

1
7

*
I
r
r
i
g
a
t
i
o
n
re
qu
ir
em
en
t

=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

ch
an
ge

**
P
r
o
j
e
c
t
co
nv
ey
an
ce

e
f
f
i
c
i
e
n
c
y
=

(f
ar
m
de
li
ve
ri
es
)

/
(t
ot
al

in
fl
ow
)

*
10
0

**
P
r
o
j
e
c
t
ap
pl
ic
at
io
n
e
f
f
i
c
i
e
n
c
y
=

(
i
r
r
i
g
a
t
i
o
n
re
au
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n

re
qu
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)

*
10
0



r
o

c
o

A
p

ri
l

1
9

7
7

p
ro

je
c
t

W
at

er
B

a
la

n
c
e

(A
c
re

-F
e
e
t)

D
A

N
S

K
IN

D
IT

C
H

C
O

M
P

A
N

Y

1
9

7
7

Ir
ri

g
a
te

d
A

re
a

4
7

3
0

A
c
re

s

M
ay

J
u

n
e

J
u

ly
A

u
g

u
st

S
e
p

te
m

b
e
r

O
c
to

b
e
r

S
e
a
s
o

n
i
o

t
a
l

A
F

A
F

/A
c
re

R
iv

e
r

(R
e
s.

)
D

iv
e
rs

io
n

3
4

5
8

1
0

1
3

3
1

0
5

0
6

1
0

6
7

6
1

0
5

0
0

8
5

7
2

5
4

9
9

5
9

3
4

2
1

2
.5

4
5

9

S
u

p
p

le
m

e
n

ta
ry

In
fl

o
w

0
0

0
0

0
0

0
0

0
.0

0
0

0

G
ro

u
n

d
w

a
te

r
D

iv
e
r
s
io

n
0

0
0

0
0

0
0

0
0

.0
0

0
0

'I
o

ta
l

P
ro

je
c
t

In
fl

o
w

3
4

5
3

1
0

1
3

3
1

0
5

0
6

1
0

6
7

6
1

0
5

0
0

3
5

7
2

5
4

9
9

5
9

3
4

2
1

2
.5

4
5

9

(O
p

e
ra

ti
o

n
a
l

L
o

ss
e
s

1
8

0
2

6
3

5
7

8
4

2
7

5
3

5
3

6
0

9
2

9
3

2
7

3
0

.6
9

1
9

S
e
e
p

a
g

e
L

o
s
s
e
s

4
3

9
1

5
1

6
1

3
2

8
1

2
4

5
1

1
4

1
9

2
2

7
2

3
7

3
6

3
1

.5
5

6
7

F
a
rm

D
e
li

v
e
r
ie

s
2

7
8

9
8

3
5

3
8

6
0

0
9

0
0

5
3

8
2

4
7

2
9

0
3

8
4

6
4

8
7

0
6

1
0

.2
9

7
3

S
o

il
v

D
is

tu
re

C
h

an
g

e
0

1
4

2
7

2
2

2
-
4

9
4

-
1

4
6

-
1

3
7

-
6

5
5

2
1

7
0

.0
4

5
3

E
ff

.
P

re
c
ip

it
a
ti

o
n

4
9

9
1

6
1

2
8

9
1

6
2

2
1

1
3

0
2

2
5

2
9

5
2

0
.6

2
4

2

E
v

a
p

o
tr

a
n

s
p

ir
a
ti

o
n

1
4

1
1

1
7

1
4

2
5

1
6

3
2

8
2

2
1

6
8

1
6

5
6

1
0

6
7

1
3

8
1

5
2

.9
2

0
7

Ir
ri

g
a
ti

o
n

R
eq

u
ir

em
en

t*
1

3
6

2
2

2
2

6
1

4
4

8
2

6
2

6
1

8
1

2
1

2
1

8
3

8
7

1
1

0
7

9
2

.3
4

2
3

R
u

n
o

ff
L

o
s
s
e
s

0
0

0
0

0
0

0
0

0
.0

0
0

0

D
ee

p
P

e
rc

o
la

ti
o

n
1

4
2

6
6

1
2

7
7

1
5

2
6

3
7

8
7

0
1

2
6

0
7

2
3

4
5

9
3

7
6

2
7

7
.9

5
5

0

P
ro

je
c
t

R
e
tu

rn
F

lo
w

1
8

0
2

6
3

5
7

8
4

2
7

5
3

5
3

6
0

9
2

9
3

2
7

3
0

.6
9

1
9

P
ro

je
c
t

C
o

n
v

.
E

ff
.(

%
)*

*
3

1
8

2
8

2
8

4
8

4
8

5
7

0
3

2
8

2

P
ro

je
c
t

A
pp

.
E

ff
.(

%
)

4
9

2
7

1
7

2
9

2
1

1
7

1
0

2
3

2
3

P
ro

je
c
t

I
r
r
ig

.
E

ff
.(

%
)

3
9

2
2

1
4

2
5

1
7

1
4

7
1

9
I
S

*
I
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t

=
e
v
a
p
o
t
r
a
n
s
o
i
r
a
t
i
o
n
-
e
f
f
e
c
t
i
v
e

p
r
e
c
i
p
i
t
a
t
i
o
n

+
s
o
i
l
m
o
i
s
t
u
r
e

c
h
a
n
g
e

*
*
P
r
o
j
e
c
t
c
o
n
v
e
y
a
n
c
e

e
f
f
i
c
i
e
n
c
y
=

(
f
a
r
m
d
e
l
i
v
e
r
i
e
s
)

/
(
t
o
t
a
l

i
n
f
l
o
w
)

*
1
0
0

*
*
P
r
o
j
e
c
t

a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y
=

(
i
r
r
i
g
a
t
i
o
n

r
e
q
u
i
r
e
m
e
n
t
)

/
(
f
a
r
m
d
e
l
i
v
e
r
i
e
s
)

*
1
0
0

*
*
P
r
o
j
e
c
t

i
r
r
i
g
a
t
i
o
n

e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(
t
o
t
a
l

i
n
f
l
o
w
)

*
10
0



r
o

c
o

c
n

R
iv

e
r

(R
e
s.

)
D

iv
e
rs

io
n

S
u

p
p

le
m

e
n

ta
ry

In
fl

o
w

G
ro

u
n

d
w

a
te

r
D

iv
e
rs

io
n

T
O

ta
l

P
ro

je
c
t

In
fl

o
w

O
p

e
r
a
ti

o
n

a
l

L
o

s
s
e
s

S
e
e
p

a
g

e
lo

s
s
e
s

F
a
rm

D
e
li

v
e
r
ie

s

S
o

il
M

o
is

tu
re

C
ha

ng
e

E
ff

.
P

re
c
ip

it
a
ti

o
n

E
v

a
p

o
tr

a
n

s
p

ir
a
ti

o
n

Ir
ri

g
a
ti

o
n

R
eq

u
ir

em
en

t*
R

u
n

o
ff

L
o

s
s
e
s

D
e
e
p

P
e
rc

o
la

ti
o

n
P

ro
je

c
t

R
e
tu

rn
F

lo
w

P
ro

je
c
t

C
o

n
v

.
E

ff
.(

%
)*

*
P

ro
je

c
t

A
p

p
.

E
ff

.(
%

)
P

ro
je

c
t

Ir
ri

g
.

E
ff

.(
%

)

19
77

P
ro

je
c
t

W
at

er
B

a
la

n
c
e

(A
c
re

-F
e
e
t)

&
JH

L
E

Y
IR

R
IC

iA
T

IO
N

D
IS

T
R

IC
T

1
9

7
7

Ir
ri

g
a
te

d
A

re
a

4
1

4
4

0
A

c
re

s

A
p

r
i
l

M
ay

J
u

n
e

J
u

ly
A

u
g

u
s
t

S
e
p

te
m

b
e
r

O
c
to

o
e
r

S
e
a
s
o

n

A
F

T
o

ta
l

A
F

/A
c
re

.
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=
:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=

3
4

4
2

3
1

5
3

6
8

4
8

5
9

9
6

2
9

1
3

4
7

5
5

7
2

3
0

5
9

3
8

4
6

2
3

5
7

6
3

5
.6

8
9

3
0

0
0

0
0

0
0

0
0

.0
0

0
0

0
0

0
0

0
0

C
0

0
.0

0
0

0
3

4
4

2
3

1
5

3
6

3
4

8
5

9
9

6
2

9
1

3
4

7
5

5
7

2
3

0
5

9
3

8
4

6
2

3
5

7
6

3
5

.6
8

9
3

1
3

1
7

5
1

9
2

8
0

7
3

0
6

7
3

6
7

4
2

4
7

3
5

1
0

1
4

3
6

6
0

.3
4

6
7

9
5

7
5

4
6

3
8

8
4

9
2

9
4

9
5

7
5

8
4

4
9

8
7

1
6

0
6

4
6

3
7

7
1

.1
1

9
1

2
3

5
3

2
1

0
2

1
1

3
7

3
0

0
5

0
3

5
1

3
6

2
9

9
1

5
5

9
8

1
7

3
0

1
7

5
0

2
0

4
.2

2
3

5
6

8
4

1
2

5
1

4
-
1

2
2

6
-
1

9
5

8
-1

6
6

9
-
1

2
0

8
-
3

6
9

5
-
4

0
1

-
0

.0
0

9
7

4
6

5
5

3
2

2
4

6
7

3
1

8
6

9
1

3
4

0
1

9
8

5
9

0
1

5
7

4
2

0
.3

7
9

9
8

6
1

7
9

5
5

8
1

7
4

1
8

2
0

6
3

0
1

5
2

5
7

9
7

5
3

5
3

0
8

8
6

5
4

4
2

.0
8

8
4

1
4

9
9

3
6

7
5

0
1

1
5

1
9

1
6

8
0

3
1

2
2

4
8

6
5

6
5

1
5

2
3

7
0

4
0

1
1

.6
9

8
9

4
3

9
1

7
3

9
3

6
1

0
2

2
1

2
2

5
8

2
4

1
7

0
4

7
3

9
0

.1
1

5
6

8
1

0
0

3
2

8
8

2
4

8
4

5
3

2
5

2
6

2
2

3
2

7
8

2
0

9
3

8
9

9
8

3
0

2
.4

0
9

0
1

7
5

6
6

9
2

3
7

4
2

4
0

8
9

4
8

9
8

3
2

9
7

6
8

0
1

9
1

5
4

0
.4

6
2

2

6
3

6
6

7
7

8
0

7
6

6
8

4
5

7
4

7
4

6
4

6
6

3
1

3
3

3
4

4
2

8
8

4
0

4
0

4
4

4
4

2
4

2
7

2
6

2
8

4
0

3
0

3
0

*
*

I
r
r
i
g
a
t
i
o
n

re
qu
ir
em
en
t

=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

ch
an
ge

P
r
o
j
e
c
t

c
o
n
v
e
y
a
n
c
e

e
f
f
i
c
i
e
n
c
y

=
(
f
a
r
m
d
e
l
i
v
e
r
i
e
s
)

/
(
t
o
t
a
l
i
n
f
l
o
w
)

*
1
0
0

**
P
r
o
j
e
c
t
a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(f
ar
m
de
li
ve
ri
es
)

*
**

P
r
o
j
e
c
t

i
r
r
i
g
a
t
i
o
n

e
f
f
i
c
i
e
n
c
y
=

(
i
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
)

/
(t
ot
al

in
fl
ow
)

*
10
0
1
0
0



r
o

c
o

c
r
>

R
i
v
e
r

(
R
e
s
.
)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

T
o
t
a
l
P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

L
o
s
s
e
s

F
a
r
m
D
e
l
i
v
e
r
i
e
s

So
il

Mo
is
tu
re

C
h
a
n
g
e

E
f
f
.
P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n
R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t
R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t

O
o
n
v
.

E
f
f
.
(
%
)
*
*

P
r
o
j
e
c
t

A
p
p
.

Ef
f.
(%
)

P
r
o
j
e
c
t

I
r
r
i
g
.

Ef
f.
(%
)

A
p
r
i
l

4
4
5
9 0

2
2
0
2
9

2
6
4
8
8

5
8
2

1
9
8
5

2
3
9
2
1

1
3
4
1

4
6

1
4
9
8
8

1
6
2
8
3

3
2
2
9

4
4
0
9

3
8
1
1

9
0

6
8

6
1

19
77

P
r
o
j
e
c
t

v^
at
er

B
a
l
a
n
c
e

(
A
c
r
e
-
F
e
e
t
)

A
&

3
I
R
R
I
G
A
T
I
O
N
!

D
I
S
T
R
I
C
T

1
9
7
7

I
r
r
i
g
a
t
e
d
A
r
e
a

7
3
8
5
0
A
c
r
e
s

M
a
y

J
u
n
e

J
u
l
y

A
u
g
u
s
t

S
e
p
t
e
m
b
e
r

O
c
t
o
b
e
r

7
2
1
9 0

3
6
4
7
2

4
3
6
9
1

9
6
7

4
0
2
1

3
8
7
0
3

1
6
0
1
1

1
1
4
2
1

1
8
4
6
8

2
3
0
5
8

6
3
9
8

9
2
4
6

7
3
6
5

3
9

6
0

5
3

1
0
8
1
3 0

4
2
6
0
7

5
3
4
2
0

7
3
6

4
4
4
9

4
8
2
3
5

-
6
1
7
4

5
1
7
7

3
4
5
1
2

2
3
1
6
1

8
0
6
5

1
7
0
0
9

8
8
0
1

9
0

4
8

4
3

1
5
3
5
0 0

5
2
3
6
7

6
7
7
1
7

8
2
1

4
7
0
1

6
2
1
9
5

-
6
5
1
9

4
0
0
6

3
2
3
0
4

2
1
7
7
9

8
7
6
1

3
1
6
5
5

9
5
8
2

9
2

3
5

1
1
7
1
4 0

4
3
0
6
8

5
4
7
8
2

1
0
4
1

4
5
7
3

4
9
1
6
8

-
5
3
0

2
4
2
4

2
0
2
0
2

1
7
2
4
9

6
9
7
6

2
4
9
4
3

8
0
1
7

9
0

3
5

3
1

4
2
5
1 0

2
5
4
1
5

2
9
6
6
6

6
7
2

3
1
5
6

2
5
8
3
8

-
1
7
3
1

3
2
6
9

1
6
3
3
5

1
1
7
8
4

3
8
3
3

1
0
2
2
1

4
5
0
5

8
7

4
6

4
0

6
4
7 0

6
5
5
0

7
1
9
7

1
5
8

1
0
0
0

6
0
3
9

-
5
7
1
4

2
2
4

8
1
9
1

2
2
5
4

4
4
0

3
3
4
5

5
9
8

8
4

3
7

3
1

S
e
a
s
o
n

i
o
t
a
l

A
F

A
F
/
A
c
r
e

5
4
4
5
3 0

2
2
8
5
0
4

2
8
2
9
5
6

4
9
7
7

2
3
8
8
5

2
5
4
0
9
4

-
3
3
6
5

2
6
5
6
6

1
4
5
4
9
9

1
1
5
5
6
7

3
7
7
0
1

1
0
0
8
2
5

4
2

6
7

8

9
0

4
5

4
1

0
.7

3
7

3

0
.0

0
0

0

3
.0

9
4

2

3
.8

3
1

5

0
.0

6
7

4

0
.3

2
3

4

3
.4

4
0

7

-
0

.0
4

5
6

0
.3

5
9

7

1
.9

7
0

2

1
.5

6
4

9

0
.5

1
0

5

1
.3

6
5

3
0

.5
7

7
9

9
0

4
5

4
1

*
Ir
ri
ga
ti
on

re
qu
ir
em
en
t
=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

ch
an
ge

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)
/

(t
ot
al

in
fl
ow
)
*

10
0

**
Pr
oj
ec
t
ap
pl
ic
at
io
n
ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)

*
10
0



r
o

c
o

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y

I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l
P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

L
o
s
s
e
s

F
a
r
m
D
e
l
i
v
e
r
i
e
s

So
il

Mo
is
tu
re

Qi
an
ge

E
f
f
.
P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

i
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t
R
e
t
u
r
n
F
l
o
w

P
r
o
j
e
c
t
Co
nv
.

Ef
f.
(%
)*
*

Pr
oj
ec
t
Ap
p.

Ef
f.
(%
)

P
r
o
j
e
c
t

Ir
ri
g.

Ef
f.
(%
)

A
p
r
i
l

19
77

P
r
o
j
e
c
t

W
a
t
e
r
B
a
l
a
n
c
e

(A
cr
e-
Fe
et
)

M
I
L
N
E
R
L
O
W
L
I
F
T

I
R
R
I
G
A
T
I
O
N

D
I
S
T
R
I
C
T

1
9
7
7
I
r
r
i
g
a
t
e
d
A
r
e
a

1
3
4
8
0
A
c
r
e
s

M
a
y

J
u
n
e

J
u
l
y

A
u
g
u
s
t

S
e
p
t
e
m
b
e
r

O
c
t
o
b
e
r

S
e
a
s
o
n

T
o
t
a
l

—
M
L
.

_
J
^
/
^
C
£
e

4
6

0
3

9
4

8
8

1
0

4
6

1
1

4
8

5
8

1
1

4
9

8
5

5
2

8
0

5
6

4
3

6
4

.1
3

6
7

0
0

0
0

0
0

0
0

0
.0

0
0

0
0

0
2

7
4

8
3

3
2

9
0

1
3

7
0

.0
1

0
1

4
6

0
3

9
4

3
8

1
0

4
8

7
1

4
9

0
6

1
1

5
3

1
5

5
5

7
0

5
6

5
7

3
4

.1
9

6
8

1
3

8
3

3
5

3
2

3
2

2
5

2
3

4
2

7
8

0
1

5
3

2
0

.1
1

3
7

1
3

6
5

1
7

1
6

1
4

8
7

1
7

1
4

1
3

7
2

8
8

9
0

8
5

4
3

0
.6

3
3

7
3

1
0

0
7

4
3

7
8

6
7

8
1

2
9

6
7

9
9

2
5

4
3

9
1

0
4

6
4

9
8

3
.4

4
9

4
6

2
6

2
7

0
9

-
8

3
5

-
7

9
7

-
1

3
3

0
-
1

4
7

0
2

2
6

0
.0

1
6

7
7

2
1

3
4

9
8

5
5

1
1

1
4

3
8

9
2

3
1

0
4

0
1

0
0

.2
9

7
5

1
7

1
7

2
2

7
9

5
5

0
2

7
4

7
3

3
4

9
6

1
2

1
8

0
2

1
6

8
5

1
.6

0
3

7
2

2
7

1
3

6
3

9
3

8
1

2
5

5
6

2
1

7
7

7
8

3
9

0
1

7
9

0
1

1
.3

2
8

0
2

3
7

7
6

9
1

1
5

3
8

5
9

1
0

6
0

3
0

2
0

4
3

7
9

0
.3

2
4

3
5

9
2

3
0

3
0

3
7

1
3

6
5

4
6

7
0

8
8

3
2

4
9

0
2

4
2

1
3

1
.7

9
6

6
3

7
5

1
1

0
4

1
4

7
6

1
0

8
3

1
2

9
4

5
7

9
0

5
9

1
1

0
.4

3
8

5

6
7

7
8

8
3

8
7

8
6

7
9

0
8

2
8

2
7

3
4

9
4

4
4

3
1

8
1

9
0

3
8

3
8

4
9

3
8

3
6

3
7

1
5

1
5

0
3

2
3

2

*
Ir
ri
ga
ti
on

re
qu
ir
em
en
t
=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

ch
an
ge

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)
/

(t
ot
al

in
fl
ow
)
*

10
0

**
Pr
oj
ec
t

ap
pl
ic
at
io
n
ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
au
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)
*

10
0



II II II fl <D 11 CN CN OoaocNorNrorocoCNrHo II •rr (Tt 'X> ii
II ll u II rr -H croooincnroinorHcncooo ll •*c in ro it

II II II li rH U II -y\ r- OCNrHrHCOVOr^UOrH'sDOCO 1
II
II

II
II
II
II

II
II
II
II

II
II
II

II

Tota AF/A

11
II
II

r- <*f OrOOCnoOCrHCNOrHCNrH II il
it
ii
ii

II
II

uo o
1

OuOOrHOOOoCNCNOrHO II
1 II

II II II II II it o
II II II II c II II it cr>
II II II II 0 II II il

1II II II II % 11 vo m oortNHOH'runcM^oi n *T ^i co it
II II II II II o r- roarHrHoo co in rovo^—I vo ii vo m ro it
II
II

II
II II 3»& II

II
ro ro
in o

cTiCOOH^HOtJ'OI^O II
•^rcNvovocnvovoomoco ii
Cn OOOICNOOOCNOOCNil

ii
it

U

II II II il II VC r^ it o
II II II ii II 00 1 r* cn in oo ro r-i if ii M
II I! II ii II II ii 3 O
II
II

ii
it II ii

ii u
II
II II II 4J O

W rH
II ii II ii CD II II it •H O
II ii II ii -Q II cn r- Oin-^ro^cNLncnovo^cNco ll KO r- ro it 0 * o
II II n 0 II CN ro cocNinoH^coHdrn it CM 00 CN it E —<

li
II
II

II

ii II ii 4J 11 rr VO 0» Or-rHCNOr^fNI-^CNII ll
ii

ii
ii

II
II
II

||

ii

il
ii

8
II
II
II
il

CN CN
ro |

en cn r- oo o vo it
cn cn rH ra ii

> ll
ll

it
ti
ii
ii

rH U) *
•H O

li ii II it U II ll ii o o 0
II
II
II

II
ii

II
II
II

ii
CD II

II
II in rr

ll
ll

OrHCN^mcoco^cnmcNiro n rH v£> rr

ii
ii
n

+ -H > rH
•H U-|

C * rH Cli ii II H & II VO LO rHvotjOinr-oorovotnrorH it in CO rr ii 0 CU -H
II ii II H II r-» ** rocNoovo^cn^rcnoorovo II ii •H *-*>0

4J a h
rrj (5 G rrj
4d rH U -P
-h in rrj o

II .— ii II ii Qj II rr ^r o rrinorHrrrHCNrHcNii ii
II
II
II

4d

8
ii
ii
ii

II
li
II

ii
n «

il
II
II

in | U0 f\J CN rH 00 CN II
1 II

II

it
ti
ii

II
II t ii

ii
II
II

ii 11
II

li
II

it
it

Cb C vm -U
.,-j -H "•—' •—*

li CD it CO II it 4J II II ti o

II Vj ii CD II ii CO II on vo OfHrocoor-r-r-cNuoroco ll H cn co ii (UH\\
O ii u II ii 3 | o r- ro oo cn cn rH rr rr co rr ct\ cn ii r^ ro r\ ii u rrj

II < ii o II n cn II O rH oticNoor-.rrocotnininco ll it Q, -U ^-. —x
II *—' ii < II H 3 II rg ro co cn m uo m cn rH r* j rH cn ll ti 0 4-> 4->
II ii II it ll VO rH "* rr o I in rr ^r> n it 0) 4J C C
II ii o II ii !l r-A I rH rH ti > s-' d) QJ
II
II
II

8
c

ii
ii
n

rr
ro
cn

II
II
II

ii
ii
ii

it
ii
ii

II
II
II

it
ii
it

•h f= E

O U Vg
II rj ii > ^ II ii ii II H GJ *-»*H -H

II H ii H II ii >i ii co m orooo^mcotncNiTiOvooo n rH rT CO ii Irl 0) 3 3
05 ii II ii «H ii as m VOrOrHrHoOCOCnvOOrrro || r-« UO 00 ii iM d) p D"

II 03 ii Qi II H 3 ii VO 00 cor-invDHc^Ln^voiriro u it GJ -H ci) GJ
i-4 V-i Vj!| 03 II ii >"3 ii Tf LO cc o r- os rr cn co vo cn r-» u H

II u ii O a II ii ii OS t~A o m cn i co *x> in it it 1 CD
II ft ii u u II ii ii rH 1 H r-A II it > C C
il

II
II

II

ii

ii
it
ii

a
< II

|| ll
ii

'!
II
il ii C -h 0 0

0 rH -H -H
iJ>

4d

6
8

II
II

II
il
ii CD

ii
ii
ii CN VO

It

O'^cncocTiinrorHrocNinrH ll CO UM «*

ii
ii

•H G4J4J
4J T3 ro ra
rcj cn cr

o ! <tj it C ii OS OO inocvocnrrrrrruoorrcn it VO vo ^ ii Vj E 'H -H

II
CD ii CM II ii 3 ii in r- c»rrcorrcNCNcnrr'-rvoco li

ro mr-mcNoro-srcrcnrrii II •H Vj Vj Vj
r—i ii CJ •H ii "0 ii vo CN Qj rrj H vh

CO U-l -H -HII 0 ii Q M II ii ii UO rH rr ^ cn I o vo cn n ii
li Vj ii rH U H ii rH 1 rH II ii

ft3
Vj II It IIII a, II a M II ii

ii
ii

il
ll

ii
it

II r- ii jH r^ II H ii ll it 4J
II
II os

ii
ii Q as

II
ll

ii
ii

ii
ii •sr vo orssrssrs--<=romcNrs»rHvofr) H ro U0 rH

ii
it a&&&

II H ii r~A II n >< ii r- o vorocorrrocoorroovovo II O u? rr ii ra c c c
II ii II H a it r*- in NinmHoinrHcoHn ll ii > O CD GJ
II ii II ti ii ro cn r-A rHcnorHcr, co-^vomil it O -H -H -H
II ii II H ii UO rH ^r in co ro «—! ro in cn ll it Cj o o
II ii II ii ii rH I •H ii II -h -H -H
II ii II ii ii !' ii IM 14-4 V4-g
II ii II it ii II it 4J 14_| i^ ij_,
II ii II ii ii II ii C CD CD O
II ii II ii r-A ii II it CD
II ii II ii •H ii CO CN ocDmrO'ftHfMi/in^ h OJ vo on ii F r
II ii II it u ii rf ro rHr^vor^cNcovoorHuocn ii m r-* ro ii G) CD 0 C

U O -H 0
•H C -U -H

II ii II n Qg ii o o Orrr-r-Ti cn rH oo ro r»- u it
II ii II <T ii rH cn CN CO CN OO VO O "St OO rT || it

II ii
it II H

H
ii
ii

rH 1
rH

o Ti/i ro *rr
•H ||

ii
ii

D rj in -U

II
II

ii
ii

II
II ii li II ii

ii
a gj -h cn
Vj > <-A -H

ll
II
II
II

ii

ii
ii

II
II
II
II ii

1!
ii
ii

c
0

II
S > c ||

*

Ai

^o isp

ii
ii
li
ii

C CL vj
C O CjVi
0 U Tj -H

•H
II ii II i1

W 0
0 25 O Q) || >„» ti 4J 4-> 4J 4J

1! ii II ii ii •h q cn a ^ li • • • ii <"3 O O Uit II ii ii U rH OlrHU) CCCCU Oil Md U-l IM ii CJ. CD CD o
ii ii II H ii 0) uo mcho rj 0 0 u rHii VH IM U-l ii •H •(—» ro ro
I it II H ii > c 0» C W r; -H -H -H G Exgj II

> h U] W OiJgJ 3 O 1
CtJ fjj CJ H s-i 0 0 Oil ii II

II
ll
ii

ii •H rH

n
it

Vj Vj Vj Vj

II
ii
ii

ii
ii

Q ^ £ Q w (U ro aj rj n c ii
^Q-ujohcj^u NjJu II •

•

rn
M Qg Qg Ot

ii ii II ii ii ^ u y w u u -h -h 05 0 rrj 3 it > . •H it •K -K -K
ii II H it • rrj M 8 H M |1» 3 d Qi W rH -U ll c a H ii •K * -K *
ii
ii
ii

I
ii
ii

II
II
II

ii

1!

ii
ii
ii

CO 4J
Q) C
X CD

O -rp rd Q > 4J -H CO CWOO) II
•yOCM-HoioCOOOasil
13 U 0 -H -H CD a -H J u II 8

3
<•

Cg

»H II
it

ii
ii

ii

ii
ii
it

II
II
II
II
II

ii

ii
ii
ii

ii
ii

w E
cd

^Cu-HOGJOv-iv-i-P (D-Pll
Ti iJtTiQT^gJflJujaUII
CH fl} ra O Oicj CUM
3 (8 U 0.SH • Qg -HO PgTO II
p -u O o) ui -h uh rrj u c O 0 M

o
•4d

O
4J
o

1!
ii

ii
ii
it

ii
ii
ii

Vj rH
CD Qj
> a

o
r-»'
0

33
ro

o

0
ro

o

ii
ii
ii

ii
ii

ii
ii

II
II

ii
ii

ii
ii '<£ m &£&$i8%&Z£8rt II K a £

ii
ii

238



r
o

c
o

v
o

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y

I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l
P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

l
o
s
s
e
s

F
a
r
m

D
e
l
i
v
e
r
i
e
s

So
il

MD
is
tu
re

Ch
an
ge

E
f
f
.
P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t

Co
nv
.

E
f
f
.
(
%
)
*
*

Pr
oj
ec
t

Ap
p.

Ef
f.
(%
)

P
r
o
j
e
c
t

ir
ri
g.

Ef
f.

(%
)

A
p

r
il

19
77

P
ro

je
c
t

W
at

er
B

al
an

ce
(A

cr
e-

F
ee

t)

W
OO

D
R

IV
E

R
V

A
L

L
E

Y
IR

R
IG

A
T

IO
N

D
IS

T
R

IC
T

19
77

ir
ri

g
a
te

d
A

re
a

4
8

5
0

A
c
re

s

•B
y

J
u

n
e

J
u

ly
A

u
g

u
st

S
e
p

te
m

b
e
r

O
c
to

b
e
r

S
e
a
s
o
n

T
o
t
a
l

A
F

A
F
/
A
c
r
e

1
4

7
0

3
6

3
2

1
3

1
8

8
4

6
1

8
1

6
5

8
1

8
0

9
0

2
6

3
7

5
5

.4
3

8
1

0
1

8
6

3
5

2
7

1
5

1
3

2
5

4
0

8
2

4
9

5
0

2
0

1
7

4
4

.1
5

9
6

0
0

0
0

0
0

0
0

0
.0

0
0

0
1

4
7

0
5

5
0

0
1

8
4

5
9

9
7

5
0

7
0

6
7

4
3

0
4

0
4

6
5

4
9

9
.5

9
7

8
0

0
0

0
0

0
0

0
0

.0
0

0
0

1
1

9
2

2
1

2
3

3
2

2
1

1
8

0
6

1
4

1
3

1
3

0
0

0
1

1
0

6
0

2
.2

8
0

5
2

7
8

3
3

7
7

1
5

2
3

8
7

9
4

4
5

6
4

9
3

0
0

4
0

3
5

4
8

9
7

.3
1

7
3

0
5

9
4

0
-
2

7
7

-
8

0
0

0
2

3
7

0
.0

4
8

8
1

3
1

1
7

2
3

1
4

3
6

2
2

7
1

2
2

5
0

2
3

5
7

0
.4

8
5

9
2

3
7

1
2

5
1

3
3

9
1

3
0

7
6

2
1

4
6

1
7

0
1

0
1

1
8

0
2

2
.4

3
3

3
2

2
4

6
7

4
3

0
7

7
2

4
3

6
1

7
9

5
1

4
7

6
0

9
6

8
2

1
.9

9
6

2
0

0
0

0
0

0
0

0
0

.0
0

0
0

5
4

2
7

0
3

1
2

1
6

0
5

5
0

8
3

8
5

4
1

5
2

8
0

2
5

8
0

7
5

.3
2

1
1

0
0

0
0

0
0

0
0

0
.0

0
0

0
s
a
s
s
=

=
=

=
=

=
=

=
=

6
1

8
3

•
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

_
_

_
,
_

_
_

.
_

_
_

_
_

_
_

_
_

1
9

8
1

8
0

7
0

0
7

6
7

6
3

0
2

0
2

0
3

1
3

2
4

9
0

2
7

2
7

1
5

1
2

1
7

2
5

2
5

3
4

0
2

1
2

1

*
Ir
ri
ga
ti
on

re
qu
ir
em
en
t
=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

cn
an
ge

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)

/
(t
ot
al

in
fl
ow
)
*

10
0

**
Pr
oj
ec
t
ap
pl
ic
at
io
n
ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n

re
qu
ir
ei
ii
en
t)

/
(t
ot
al

in
fl
ow
)
*

10
0



II il
II II
II II
II II
II
II II
II II
II II
II II
II

II
II

il li
II II
II

II
ll
II
ll

II II
II ll
II II

II II
II
li II
II II
II

II
II
II

II II
II

II
II

II
II P II
II a II
II (!) II
II r.'j II
II II
II CD ll
II VJ II
II C) II
II < II
II "«_»• II
II il
II II
II
II 8 II

II
II C II
II <0 II

11-3 II
II mll
H Vj II
li q ii
II p II
II CO II
II s li
II II
II -P II
M o ii
ii a it
II ro ll

I 2 II
II * II
ll r» ll
II r- II
II OS II
II rH ||

II II
II II
II II
II II
II II
II II
II II
II
II
II
II
II
II
II
II
II

a

3
-J
<r.
52

6

i-J
>
rH

3
cn

CO
CD
u

a
o
r-

cs

ro
CD
Vj

<

O

B
fCS
t_n

•H

V-l
Vj

r-

cn

II
II
II rH
II rrj
II
II
II
II
II
II 0
II co
II RJ

2 II
« II

11r

SSi

I! II «s<

II 0)
II -Q
ll O

II 8
ii

ii
ll u
II O

III
IIS
ii a
II Q
ii c-5
ii
ii
ii
11 4J
II CO
II 3
II Cn

OOO OONOOtOOONO voo
cnoo CNO'<-rrss--vr-oo>voOrHo
rrOO %r O r-l CN OC CN O •_) O VO O
COOO coo^rrorovoroooo

ro O O ro O rH CN O O rH rH o rH O

^o o
m

cn
UO
r-

vo o co oo co m vo cn o cn
UO UO OS VO CO CN o CO
cn cn on vo t co o on
UO I"- P". rH VO rH r* o
r- eg ""-r ro cn cn

OOO ooooooooooo

oo to _:
vo uo ro

OO VO vo
vo _n oo

O O O II
II
II
II
II
II

OOOOOOOOOOOOOO II OOO

ro o o
CN

ii
ii
ii
ii
ii
ii
ii
ii >*
II rH

ll
II
II

3
|l rH
il cn

ro O
CN
rH
cn

CN r-A 00 CO r— rH
CO "3* 00 r-A CN CN
o o vo vo cn cn
r- cn rH vo oo

rH I

O o

CN
r-A
CO

ro ro rH
vo ro cn

ii
li il
it ii

I! II
1 II

ii

0)
c
3

ii n
II
II
II
II >c
II rg
il if:
ll
ll
ti
n
ll
II rH
II -H
II VJ
II Qg
tl <
II
II
II
II
II
It
II
II
Ij
ti
II
II
II

rTOO rrooOrHcooouO'^'O
UO rr rH U0 cn ro CO
cn co r-A o vo r^ o
rr CO VO rH CN rH CO
CN rH I rH

r* o
uo

o
00

cn o o
on

m
0s-

oo o o

rr
o
CN

o o

c
0 _C

•H "At 0
CO 0 'H
Vj rH CO
GJ vli v-t
> C 0

•H H >
Q -H

> o
—s V-l

• ro u
co -P gj

C -P
O ra

I -
CD <T3

P rH C
QJ Qg 3
> Pg 0

•H 3 V-l
QS <75 a

a

ooiNrcooonooo
cn cNr^or-uooo co
uo cr\ ommr a\ vo
I** VO O rH oo r- CN

ooorHCNr^rHooonoroo
rr CNCNouor^r-* <sr
o cnrHcncncNrH cn
CN OOcorOrH^rVD r-A

r- o o r* o rr cn cn
ro cn rr cn co uo
CN rH O CO CO
OS) rH rH

3
rH CO
vp CD
C CO
M CO

,3
8
o c
3e o
0j -H

rH rcj
rrj v-i
-P CD

co
CO CD
CD *H
CO Vj
co a

flii
&s
H3
0-4 S
CD v-i

$5
240

CD
tr
c c
CO 0

ro
GJ 4J
Vj -H

CO O

•H U-i

8_.

*

c
0

a
CO
c
ro
Vj -P

•P (. W
CnvM
H O

ra Vj c

5h«

a.

oo o
co

c
o

•h

4J

iTJ
-A

8
Vj

C
Vj

3
4J
GJ
rx

4-»
O
CD

Qg-ro
OJ 0
GJ vj
Q 0j

U0 O CN
vo uo ro

rH U0 U0 ||
vo r^ *?r ll

rvoH
vc r-> uo

O* CN OO
"=r oo oo

111ll r*T clp dP

It VM U-I U_| H
II IM vw U-I II
II tx} U CJ II

> »-H
C Qj VJ
0 Qj Vj

II U < rH

-P -P -P
OOO
CD CD CD
rvrvro II
O 0 0 II

& & rt li

o
cn
c
ro

o

CD
Vj
3

P

CO
•H

I

O
o

O
* O

CO *
CD

O Vj 3
O CD O
rH > rH

-H U-I
* rH C

GJ -H
-,rg

3

.2"-5
O
O H
vj ro
Qg P

O

*

O
CD —.

U-I CO
U-I CD
CD -H

Vj

I CD
>

•HC
O

-H

P
ro
Vj s

Vj

10 U-I
c -— —-—
ro
H II II II

8,&&&
ro C C C
> CD GJ CD
GJ -H -H -H

ii ° ° °•I -H -H -H
U-I U-I VM

4_) U-I U-I CM
C GJ CD GJ
GJ

E ro
Vj P

H u-j ro O
U-I P

4J P
C C
GJ CD
e e
CD CD
Vj Vj

•H -H

3 3
q 0
CD CD
Vj Vj

C C
O O
H -H

CD -P P
T3 ro ro

C &
H -H

Vj Vj

Vj Vj
H -H

•H C P
03 3 4J

ro
CD CD -H rj,
Vj > <H -H

C Qj P
COOP
O O rfl -h

4J P -P P
ro O U O
Cn GJ 0 GJ

•H nrrn
P O O O
Vj U Vj kg

H Clg 0g i

* * *
* * * *



r
o

R
iv

e
r

(R
e
s.

)
D

iv
e
rs

io
n

S
u

p
p

le
m

e
n

ta
ry

In
fl

o
w

G
ro

u
n

d
w

a
te

r
D

iv
e
r
s
io

n

Io
ta

l
P

ro
je

c
t

In
fl

o
w

O
p

e
ra

ti
o

n
a
l

L
o

s
s
e
s

S
e
e
p

a
g

e
L

o
s
s
e
s

F
a
rm

D
e
li

v
e
r
ie

s

S
o

il
M

o
is

tu
re

Q
ia

n
g

e
E

ff
.

P
re

c
ip

it
a
ti

o
n

E
v

a
p

o
tr

a
n

s
o

ir
a
ti

o
n

Ir
ri

g
a
ti

o
n

R
e
q

u
ir

e
m

e
n

t*
R

u
n

o
ff

L
o

s
s
e
s

D
ee

p
P

e
rc

o
la

ti
o

n
P

r
o

je
c
t

R
e
tu

rn
F

lo
w

P
ro

je
c
t

G
o

n
v

.
E

ff
.(

%
)*

*
P

ro
je

c
t

A
pp

.
E

ff
.(

%
)

P
ro

je
c
t

I
r
r
ig

.
E

ff
.(

%
)

A
p
r
i
l

1
9
7
7

P
r
o
j
e
c
t

W
a
t
e
r

B
a
l
a
n
c
e

(
A
c
r
e
-
F
e
e
t
)

C
E
D
A
R

M
E
S
A

R
E
S
E
R
V
O
I
R

&
C
A
N
A
L

C
O
.

1
9
7
7
I
r
r
i
g
a
t
e
d

A
r
e
a

4
0
3
0
A
c
r
e
s

;
B
v

J
u
n
e

J
u
l
y

A
u
g
u
s
t

.
S
e
p
t
e
m
b
e
r

O
c
t
o
b
e
r

S
e
a
s
o

n
T

o
ta

l
A

F
A

F
/A

cr
e

2
2

5
9

2
9

7
9

3
1

9
5

4
6

5
9

3
4

9
7

4
6

1
0

1
7

0
4

9
4

.2
3

0
5

0
0

0
0

0
0

0
0

0
.0

0
0

0

0
0

0
0

0
0

0
0

0
.0

G
0

0

2
2

5
9

2
9

7
9

3
1

9
5

4
6

5
9

3
4

9
7

4
6

1
0

1
7

0
4

9
4

.2
3

0
5

0
0

0
0

0
0

0
0

0
.0

0
0

0

9
4

5
1

0
8

3
9

6
6

1
1

7
1

9
1

6
1

8
9

0
5

2
7

1
1

.3
0

8
1

1
3

1
3

1
8

9
6

2
2

2
3

3
4

8
8

2
5

8
1

2
7

1
0

1
1

7
7

8
2

.9
2

2
5

3
4

3
8

2
6

-
3

7
2

-
1

9
1

-
2

0
6

-
4

8
4

0
-
3

3
-0

.0
2

0
7

1
4

2
3

9
1

3
9

9
3

8
3

2
2

3
1

4
5

0
1

6
8

9
0

.4
1

9
0

1
0

4
7

1
1

5
2

2
0

2
0

2
2

5
0

1
3

3
7

8
5

8
0

8
6

6
3

2
.1

4
9

7

1
2

4
7

1
5

8
8

1
2

5
0

1
6

7
0

9
0

8
2

2
9

0
6

8
9

1
1

.7
1

0
0

0
0

0
0

0
0

0
0

0
.0

0
0

0

6
6

3
0

8
9

7
9

1
8

1
8

1
6

7
3

4
2

0
4

8
3

6
1

.2
1

2
5

0
0

0
0

0
0

0
0

0
.0

0
0

U

5
3

6
4

7
0

7
5

7
4

5
9

0
6

9
6

9

9
5

8
4

5
6

4
8

3
5

8
4

0
5

9
5

9

5
5

5
3

3
9

3
6

2
6

5
0

0
4

0
4

0

*
Ir

ri
g

a
ti

o
n

re
q

u
ir

e
m

e
n

t
=

e
v

a
p

o
tr

a
n

sp
ir

a
ti

o
n

-
e
ff

e
c
ti

v
e

p
re

c
ip

it
a
ti

o
n

+
s
o

il
m

o
is

tu
re

cn
an

g
e

**
P

ro
je

c
t

co
n

v
ey

an
ce

e
ff

ic
ie

n
c
y

=
(f

ar
m

d
e
li

v
e
ri

e
s)

/
(t

o
ta

l
in

fl
o

w
)

*
10

0
**

P
ro

je
c
t

a
p

p
li

c
a
ti

o
n

e
ff

ic
ie

n
c
y

=
(i

rr
ig

a
ti

o
n

re
a
u

ir
e
m

e
n

t)
/

(f
ar

m
d

e
li

v
e
ri

e
s
)

*
1

0
0

**
P

ro
je

c
t

ir
ri

g
a
ti

o
n

e
ff

ic
ie

n
c
y

=
(i

rr
ig

a
ti

o
n

re
q

u
ir

em
en

t)
/

(t
o

ta
l

in
fl

o
w

)
*

10
0



r
o

-P
*

r
o

R
iv

e
r

(R
e
s.

)
D

iv
e
rs

io
n

S
u

p
p

le
m

e
n

ta
ry

In
fl

o
w

G
ro

u
n

d
w

a
te

r
D

iv
e
rs

io
n

io
ta

l
p

ro
je

c
t

In
fl

o
w

O
p

e
ra

ti
o

n
a
l

L
o

ss
e
s

S
e
e
p

a
g

e
L

o
s
s
e
s

F
a
rm

D
e
li

v
e
r
ie

s
S

o
il

f^
c
is

tu
re

C
n

a
n

g
e

E
ff

.
p

re
c
ip

it
a
ti

o
n

E
v

a
p

o
tr

a
n

sp
ir

a
ti

o
n

Ir
ri

g
a
ti

o
n

R
eq

u
ir

em
en

t*
R

u
n

o
ff

L
o

s
s
e
s

D
ee

p
P

e
rc

o
la

ti
o

n
P

ro
je

c
t

R
e
tu

rn
F

lo
w

P
ro

je
c
t

C
o

n
v

.
P

ro
je

c
t

A
p

p
.

P
ro

je
c
t

I
r
r
ig

.

E
ff

.(
%

)*
*

E
ff

.(
%

)
E

ff
.(

%
)

A
p

r
il

6
6

2
7 0 0

6
6

2
7 0

9
8

7

5
6

4
1

2
1

7
9

1
6

1

1
7

4
4

3
7

6
2 0

1
8

7
9 0

3
5

6
7

5
7

19
77

P
ro

je
c
t

w
a
te

r
B

al
an

ce
(A

c
re

-F
e
e
t)

B
E

L
L

R
A

P
ID

S
5O

T
U

A
L

IR
R

IG
A

T
IO

N
0

0
.

19
77

Ir
ri

g
a
te

d
A

re
a

25
52

0
A

c
re

s

rf
cy

J
u

n
e

J
u

ly
A

u
g

u
st

S
ep

te
m

b
er

O
c
to

b
e
r

6
9

3
6 0 0

6
9

3
6 0

7
8

0

6
1

5
6

2
8

3
8

1
2

7
7

2
7

6
9

4
3

3
0 0

1
8

2
6 0

8
9

7
0

6
2

1
6

4
7

8 0 0

1
6

4
7

3 0

1
0

3
2

1
5

4
4

6

5
3

8

6
6

0

7
5

4
1

7
4

1
9 0

8
0

2
7 0

9
4

4
8

4
5

1
6

7
0

2 0 0

1
6

7
0

2 0

9
3

9

1
5

7
1

4

-
1

1
0

9

1
3

6
6

1
3

6
6

7

1
1

1
9

1 0

4
5

2
2 0

9
4

7
1

6
7

1
2

7
2

6 0 0

1
2

7
2

6 0

7
8

9

1
1

9
3

7

-1
2

2
6

3
4

1

9
2

3
7

7
1

7
0 0

4
7

6
7 0

9
4

6
0

5
6

6
2

1
6 0 0

6
2

1
6 0

5
1

8

5
6

9
8

-1
4

8
2

6
2

1

5
0

1
6

2
9

1
3 0

2
7

8
4 0

9
2

5
1

4
7

1
2

2
7 0 0

1
2

2
7 0

3
4

4

8
3

3

-1
0

4
1

1
4

3

1
2

4
1

5
2 0

8
3

0 0

7
2 6 4

S
e
a
s
o

n
'i

o
ta

l
A

f
A

F
/A

c
re

6
6

9
1

1 0 0

6
6

9
1

1 0

5
4

3
9

6
1

4
7

2

6
9

5

5
0

7
2

4
1

2
1

4

3
6

3
3

8 0

2
4

6
3

5 0

9
2

6
0

5
5

2
.6

2
1

9

0
.0

0
0

0

0
.0

0
0

0

2
.6

2
1

9

0
.0

0
0

0

0
.2

1
3

1
2

.4
0

3
3

0
.0

2
7

3
0

.1
9

8
8

1
.6

1
5

0
1

.4
4

3
5

0
.0

0
0

0

0
.9

6
5

3
0

.0
0

0
0

9
2

6
0

5
5

*
ir
ri
ga
ti
on

re
au
ir
em
en
t
=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e
pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

ch
an
ge

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)
/

(t
ot
al

in
fl
ow
)
*
10
0

**
Pr
oj
ec
t
ap
pl
ic
at
io
n
ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n

re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
)
*
10
0

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)
*
10
0



II It II ii 0 ii in inoocNrHr-rocN rroor^cN ii r- ro rr II
II || ll ii P ii ro toouooocoooouoooooooco H cn rr CN II

II || II ii rH O ii o cn o r*- o ro cn o co r^coo^o ll II

II II II 1! i3< ii m noHcor KOHco^onvo ll i
II || II 1 ii • ............. It IIII II II il D Ccj

cH <
ii O OOOrHrNuOOOCNr-lOrOrH ll

II || II il ii
ii

rH 1 rH I II 1! 0
II II It II c 1! It II Cn

II
II

II
||

II
II

II
II

0
CO

II
II 00 oo o uo O rn vo ro r- r-> a3 o co o

ll
ll r- ro ^r II %

ll l| II II rO II ro t-A cNcnrHrHiroovo rr cn II uo rr CN II r-J

SI
|| II II »S. !l uo 'O cnvorHrH o^oo r^vo 1 II o
|| II II li m 00 r-A f*» o rf OJ oS r* vo r- li

li II II II II rH 1 rH rH ro vo CN CN ro rH ll
II
II

0

II

il

II
II
II

II

II
II
II
II

II
II
11

rH rH |j S o
P o

II || II II p il ll II CO r-A

I! || II II 0 II ll II •H O

II ||
II 1! Q II <sr ^oo'.oCMor-crio'g-Ocri vjo

IIP.
VO 00 !| Q * o

11 l| II 0 II rH co nHoonnncvj r» rH UO rH ll £ e~i

II
|| II ii P II rH cn ooovocnco rHCN cno II II

*—.

|| II
8

li r^ 1 CO 0O -H CN | CN rH CO rH CO *
11 II II II II !! 1 •H 0

II
II

II
|l

II
II

1!
1

II
1!

it
ti

ii
II w o p 3t

II il II II p 11 ti II q 0 o
II II li 0 il a II + H > r-A
1! II II li a II II •H lU
II ii II II rz. II uo r^ooocoooOrH co roro co It rr VO OS II C* HC
II ii II II 0 II ro ro cncNvorHcocncorH cn cn II uo m r-A II 0 0 -H
II it II II -P II VD ^ rHCOVOr-rHrHrTrH U0C0 II II •H —-'rj

II , , ii II II Q. II VD 1 voooroool roro uooo II II P 3 <H
rd 0 fi 03
-P rH vj -P

i!
1!

P
0

ii
ii

II
II II Si II

II
rH rH II

II II
II 0 ii II II II II II -h M-g r. 0
II

<?
it II II II II 0(CCM4J

II ii II II II II II •rA -rA *-"

ii o it 0) II ii P II II II o
II Vj ii 0 II II co II m cn, o ^r c-a vo vo ^ os cn m o rH cn II rr rr CN II (y rH W
li u it p II II 3 II ro uo r-cocncnooooocn oco II vo ro cn II P ro
II <f ii o II li Cn II o U0 rrCNCNCOrHrouOo COCN ll It a. p — *—
li ii £H < II II 3 II c^ 1 CO CN rr rH 1 «^rrr 0- CN II 0 P P
II ii O II II <C II r-A r-A r-A il II 0 -P C C
II it tH o II II II !!

ii

II > >— 0 0

11 8 ii
ii

c<

6.
O
O

II
II II

II
II

II
II

•h B G
P X 0 0

n c ii rH II II il H II U VI Vg
H ro ii r-4 rH II II II ii II 0 *-~.-H -r-i

i r-A ii o il II >- II os oocncnuououor-r^uooocn II rr VO O II vp CO 3 3
ii ta II II rH II rocN rHcncNoncorrrrrH cocn II vo rr ro II uj 0 q tr
it C3 ii

-y II II 3 II rHoo rocNr^cNrr^vor"- uocn M II CD -H CD GJ
ii o <0 II II >-) II O | OOfNrrCNI vOi/1 VD CN li II

VJ VJ Vj

ii P ii rH 0 II II CN r-A r-A ii 1 0
ii 0 il Eh P II ll II ii II > C C
ii P ii

s
< II II II ii II c -p 0 0

ii rg il II li ll li 0 _h -h -h

a j rH TJ il ii ti II
.r^ 0) 4J A-t

ll 0 II II ii l 4JrO m CO

a
p ti QJ •P II >! 0 ii CN cn O ro vo rH r-- o o VO vo O r-A vo jl rH rH CN II rrj Cn Cn
O ii r-H rrj II ii C ii r-A rn r-r-cNr- oovooo -t r» II VO uo ro Vj 6 -H -H

ii 0 it cn ii ii 3 II
ro r- uorHvor-- cNr^uo cn h II • H P P P

ii •(—I ti -J •H it ii i-i CO 1 r-CN-^O U0U0 UOCN II Qg 03 Vj p
ii 0 ii uJ P it ii ii rH r-A rH II CO V|_| -H -H
1! Cg ii rH P il ii ii II c *•—' *—' "—"
il Oi ii rH it n m II rrj
II ii it n II Vj II II II
II 0s- ii o r- ii ii ii II P
II c~_ ii r*> it ii ii II Q >< >> >c

a;juoII 7s ii
2

on ii ii ii ro uoocou^ontnrHvoroooors-uo It uo o vo
il r-\ ii rH ii ii > it CN cn cnr-corococovouo o l> II UO O0 rH rd C C C
ll ii ii ii

8
ii rr ro or^oocncNr-rrcn cnr- il > 0 0 0

ii ii ii ii ii 00 1 oocNLnon oocn vocn II 0 -H -H -H
ll it it ii ii r-A rH II .. o o o
li ii it ii n II II -h -H -H
ll ii ii ii ii II UJ U-I U-I
ii ii ii ii ii II p U-I U-I UJ
il ii ii ii ii II C 0 0 0
ll n ii ii rH it II 0
ll ii ii ii •H ii rr cnouO'srrrHorocnvorHOonrr II rr r- r-A e c
n n it il p ii CO rr oorHCNocnrocx>cN r-'-rH If uo in m 0 0 0 C

p O -H 0ll it it ii a ii CO rr rrrocoooro ro r- uooo
1 in h in no h ro-^i rorH

II
il ii ii it < LO II •H C P -H
il it ii ii r-A r-A II 3 rj ft -P
ll II ii it ii II CT' >i O ra

CD 0 -H cnil ii ii ii 1! II
li ii ll ll II p > rH -H
II it it ii

II II * c a, p
II ii ii II At II * C 0 Q- P
II ii it ii II c •P II —- «-— .»—». 0 tjrJ-H
1! ii ii ii II 0 ~_ c c II o¥> rJP df> •H

II ii ti ii II
•H |03 0 0 II *-*" *_— <*-^ 4J P P 4->

ll ii ti CO 0 -h o cn g 3 ii • • • rrj O O 0
Cn 0 0 0il ii ll ii II p rHCOrHCO CCCGJ 0 !! *w vp UJ

II ii it ii II 0 vppvp0 rrJOOP >H
C 0 C CO fl-rA-H-rA C Qj
rH > rH CO CO O -P -P 3 0

li IM CM U-| •h -ro ro-ro
II ii il ii II > II c_ -J t-j P000
11 ! ii 1! ll •H ii p P p P
II ii it II II a •H Q CO 0 rg rcj tr ••-< c

>, Q JJ J 0 -H 0p Vj 0 CO P P
p O COVjp-H-HQj0rO3
<OP0rHCO03Q. Co CO rH P

ii • M Qg Qui Og
II il ii II II it • Cn
II ii j II II *—«_ it > • -H * -IX -K
II ii ll II ll • II c Q< P •K * * *
II il it II 11 CO -P0-rorrjQ>P-H CO C CO 0 0

g-pocpI-hco ocoooa
0 rrj vj O H -H (D ID H id u

8 Q_ P
II ii if II II a rflf. rH
II il ii H II II
II it ll ii II »—

plem undw alprati page mDe 1Mo
.Pr potr igat

off pPe ject

II P P 4->
II ll ii it II !! 0 o o
II li if ii p II 0 0 0
II it ii ii II 0 It ro ro-ro
II ii ii it II > llOiJ!.(DVi-rgiwi.viC(uO !! o 0 0
il
II

ii
it

it
ii

ii
ii

II
II a asg$$£&s£ti§a& 1 p

ii S3 _g Si

243



r
o

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l
P
r
o
j
e
c
t

i
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

l
o
s
s
e
s

F
a
r
m

D
e
l
i
v
e
r
i
e
s

S
o
i
l

M
D
i
s
t
u
r
e

C
h
a
n
g
e

E
f
f
.
P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n
R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

l
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

P
r
o
j
e
c
t

O
o
n
v
.

E
f
f
.
(
%
)
*
*

P
r
o
j
e
c
t
A
p
p
.

E
f
f
.
(
%
)

P
r
o
j
e
c
t

I
r
r
i
g
.

E
f
f
.
(
%
)

19
77

P
ro

je
c
t

W
at

er
B

al
an

ce
(A

cr
e-

F
ee

t)

S
E

T
IL

E
R

S
IR

R
IG

A
T

IO
N

D
IS

T
R

IC
T

1
9

7
7

Ir
ri

g
a
te

d
A

re
a

94
40

A
c
re

s

A
p

ri
l

M
ay

J
u

n
e

J
u

ly
A

u
g

u
st

S
ep

te
m

b
er

O
ct

o
b

er
b

e
r

S
e
a
s
o

n
T

o
ta

l
A

F
A

F
/A

c
re

=
=

=
:
=

=
=

=
=

=
=

=
=

.
=

=
=

=
=

=
=

=

0
4

3
1

3
7

4
.5

6
9

6

0
1

7
1

6
0

.1
8

1
8

0
2

2
0

5
0

.2
3

3
5

0
4

7
0

5
8

4
.9

8
4

9

0
1

6
3

8
0

.1
7

3
3

0
9

6
2

6
1

.0
1

9
8

0
3

5
7

4
3

3
.7

8
6

4

0
1

2
3

2
0

.1
3

0
6

0
3

8
5

5
0

.4
0

8
3

0
2

4
6

6
3

2
.6

1
2

6

0
2

2
0

4
1

2
.3

3
4

9

0
0

0
.0

0
0

0

0
1

3
7

0
2

1
.4

5
1

5

0
1

6
8

8
0

.1
7

8
3

0
S

_
B

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

0
7

6
7

6

0
6

2
6

2

0
4

7
4

7

3
5

7
7

7
0

1
4

8
7

4
3

9
9

9
9

9
1

7
3

3
8

3
1

7
2

2
6

3
3

1
3

4
5

9
4

1
5

1
9

5

1
5

9
4

7
3

4
2

0
5

0
0

4
6

0
1

9
2

3
8

0
9

8
5

5
0

9
4

7
6

1
0

9
5

8
1

0
0

4
8

4
2

1
7

1
0

3
3

5
4

2
1

6
3

1
8

4
1

1
2

8
6

1
1

5
4

2
2

0
7

1
9

0
9

1
9

3
7

1
7

0
7

7
1

2

2
5

5
2

5
9

8
9

7
3

5
1

3
7

0
3

7
9

3
0

3
2

1
8

0
2

4
7

6
-
1

1
3

-
7

1
-
5

0
1

-5
5

3

1
1

5
1

3
6

2
8

1
6

2
6

4
3

6
3

9
3

5

2
3

3
0

2
6

9
9

4
9

2
7

5
9

9
1

5
1

7
4

3
5

4
2

2
2

1
5

3
8

1
3

3
9

9
3

5
6

5
6

4
3

1
1

2
0

5
3

0
0

0
0

0
0

3
3

7
2

1
7

7
3

3
5

8
3

0
4

7
3

6
1

9
1

1
6

5

1
0

3
3

5
4

2
1

6
3

1
3

4
1

1
2

8
6

=
=

=
=

=
=

t
a
s
t
e
s
a
-
a
a

:
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=
=

=
=

=
=

=
=

=
=

_
_

_
_

_
_

_
_

_
_

_
_

_
_

6
7

7
0

7
3

7
9

7
9

7
6

3
7

6
4

5
4

6
5

5
4

6
4

5
8

4
5

4
2

5
2

4
3

4
9

*
Ir
ri
ga
ti
on

re
qu
ir
em
en
t
=
ev
ap
ot
ra
ns
pi
ra
ti
on

-
ef
fe
ct
iv
e

pr
ec
ip
it
at
io
n
+

so
il

mo
is
tu
re

cn
an
ge

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)
/

(t
ot
al

in
fl
ow
)
*

10
0

**
Pr
oj
ec
t
ap
pl
ic
at
io
n
ef
fi
ci
en
cy

=
(i
rr
ig
at
e

**
Pr
oj
ec
t

ir
ri
ga
ti
on

ef
fi
ci
en
cy

=
(i
rr
ig
at
l

L
U
L
X
U
1

1
_
_
_

_
_
-
.
V
-
—
J
.

V
_
.

V
*
-
>
_
—
•
-
«
-
£
-
-
_
*
-
_
-
.
—
.

e
f
f
i
c
i
e
n
c
y
=

(f
ar
m
de
li
ve
ri
es
)

/
(t
ot
al

in
fl
ow
)

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(f
ar
m
de
li
ve
ri
es
;

ef
fi
ci
en
cy

=
(i
rr
ig
at
io
n
re
qu
ir
em
en
t)

/
(t
ot
al

in
fl
ow
)
*

10
0
1
0
0



r
o

c
n

R
i
v
e
r

(R
es
.)

D
i
v
e
r
s
i
o
n

S
u
p
p
l
e
m
e
n
t
a
r
y
I
n
f
l
o
w

G
r
o
u
n
d
w
a
t
e
r

D
i
v
e
r
s
i
o
n

i
o
t
a
l

P
r
o
j
e
c
t

I
n
f
l
o
w

O
p
e
r
a
t
i
o
n
a
l

L
o
s
s
e
s

S
e
e
p
a
g
e

L
o
s
s
e
s

F
a
r
m

D
e
l
i
v
e
r
i
e
s

S
o
i
l

M
o
i
s
t
u
r
e

Q
i
a
n
g
e

E
f
f
.

P
r
e
c
i
p
i
t
a
t
i
o
n

E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

I
r
r
i
g
a
t
i
o
n

R
e
q
u
i
r
e
m
e
n
t
*

R
u
n
o
f
f

L
o
s
s
e
s

D
e
e
p

P
e
r
c
o
l
a
t
i
o
n

P
r
o
j
e
c
t

R
e
t
u
r
n

F
l
o
w

Pr
o
j
e
c
t
C
o
n
v
.

E
ff
.
(%
)
*
*

P
r
o
j
e
c
t

Ap
p.

Ef
f.

(%
)

P
r
o
j
e
c
t

I
r
r
i
g
.

Ef
f.
(%
)

19
77

P
r
o
j
e
c
t

wa
te
r

B
a
l
a
n
c
e

(A
cr
e-
Fe
et
)

S
O
U
T
H
B
O
A
R
D
O
F

C
O
N
T
R
O
L
,

O
W
Y
H
E
E

P
R
O
J
E
C
T

1
9
7
7

I
r
r
i
g
a
t
e
d

A
r
e
a

3
3
0
3
0
A
c
r
e
s

A
p

r
i
i

M
ay

J
u

n
e

J
u

ly
A

u
g

u
s
t

S
e
p

te
m

b
e
r

O
c
to

b
e
r

S
e
a
s
o

n

A
F

i
o

t
a
l

.A
F

/A
cr

e
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
:
=

=
=

=
=

=
=

=
=

.
=

=
=

=
=

=
=

=

3
3

3
7

4
3

7
5

1
3

4
2

9
0

4
4

7
2

1
4

4
5

7
4

0
3

0
4

0
6

7
0

0
1

2
4

4
1

5
5

6
.4

2
0

1
0

0
0

0
0

0
0

0
0

.0
0

0
0

0
0

0
0

0
0

0
0

0
.0

0
0

0

3
3

3
7

4
3

7
5

1
3

4
2

9
0

4
4

7
2

1
4

4
5

7
4

0
3

0
4

0
6

7
0

0
1

2
4

4
1

5
5

6
.4

2
0

1
5

3
1

5
5

1
2

1
4

8
3

5
4

6
2

7
5

3
9

5
4

6
5

1
1

4
8

2
3

1
4

2
6

0
.&

2
6

3

9
8

7
6

3
4

4
5

7
7

9
0

7
8

7
0

7
2

4
4

5
2

8
6

1
4

3
6

4
7

3
4

7
1

.2
6

0
8

1
8

1
8

3
2

3
9

5
1

3
0

2
7

8
3

4
7

1
7

3
3

1
0

1
2

0
4

6
9

4
0

8
2

1
6

4
7

3
1

4
.3

3
2

9

3
9

1
0

0
6

9
-
2

8
5

5
-
9

7
3

-
8

6
1

-
3

3
6

6
-
2

7
6

6
-
7

1
8

-
0

.0
1

8
9

4
5

9
5

0
0

1
1

5
3

4
6

6
0

1
1

0
1

2
8

7
1

1
7

1
1

1
7

9
7

0
.3

1
0

2
1

2
6

9
5

1
2

4
4

8
1

9
8

3
5

1
8

1
7

0
1

4
1

9
3

9
6

9
2

3
7

0
4

9
0

7
3

5
2

.3
3

5
9

1
2

2
7

4
1

7
5

1
7

1
5

4
4

6
1

6
5

3
2

1
2

2
3

1
3

4
5

5
7

6
7

7
3

2
2

1
2

.0
5

6
8

6
0

7
4

5
8

5
3

5
5

2
6

5
2

3
8

6
1

6
6

5
3

1
5

1
6

9
4

3
5

9
1

5
0

.9
4

4
4

-
1

6
5

5
3

2
9

3
0

7
1

2
8

9
7

1
4

7
0

4
1

1
6

9
9

1
6

2
1

5
0

6
4

5
1

.3
3

1
7

1
1

3
8

9
1

0
9

7
4

1
0

3
6

1
9

9
1

5
1

1
5

6
1

9
9

6
6

3
1

7
6

6
7

3
4

1
1

.7
7

0
7

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

5
4

6
4

7
1

7
4

7
2

6
7

5
8

6
7

6
7

6
8

7
3

5
1

4
8

3
7

1
7

1
9

4
7

4
7

3
7

4
7

3
6

3
5

2
7

1
1

1
1

3
2

3
2

*
I
r
r
i
g
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t

=
e
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n

-
e
f
f
e
c
t
i
v
e

p
r
e
c
i
p
i
t
a
t
i
o
n

+
s
o
i
l
m
o
i
s
t
u
r
e

**
Pr
oj
ec
t
co
nv
ey
an
ce

ef
fi
ci
en
cy

=
(f
ar
m
de
li
ve
ri
es
)

/
(t
ot
al

in
fl
ow
)
*

10
0

**
P
r
o
j
e
c
t

a
p
p
l
i
c
a
t
i
o
n
e
f
f
i
c
i
e
n
c
y
=

(
i
r
r
i
g
a
t
i
o
n

r
e
q
u
i
r
e
m
e
n
t
)

/
(f
ar
m
de
li
ve
ri
es
)

*
10
0

*
*
P
r
o
j
e
c
t

i
r
r
i
g
a
t
i
o
n

e
f
f
i
c
i
e
n
c
y

=
(
i
r
r
i
g
a
t
i
o
n

r
e
q
u
i
r
e
m
e
n
t
)

/
(t
ot
al

in
fl
ow
)

*
10
0

M
d
a
n
g
e



II it

II ii
II ii
II ii

II ii

II ii
II ii
II ii

II ii

II ii
II ii
II ii

II ii

II ii
II ii
II ii
II ii

II ii
II ii
II ii
11 i
II il
II ii
II ii

II ii
II n
II ii
II ii
II ii
II ii
II ii
II ii
1! ii
II ,.—, 1!

II P II

II 0 II
II 0 II

II
II t

II
II

li 0 II
II Vj II T-g

II 0 II o
II < II r-A

II "—' II 'X
II II •j

II II C/J

II 8
II

ll
r-l

a
If C fl
li rrj II •—

II rH II 0
II q II '—i

II m II <q
II

IHII p II
II 0 II

II ti II
II £ II
II P II
ii g ii
II 0 ii
II ro II
II o II

Vj II
Oj II

II
r- ll
r» II
cn ii
r-A 11

11
II
II

II
II
II
II

II
II

I!
M
II

m

a

te!

-PI

e

CO
0
VJ

O

o
r-
oo
CN

ra
0
p

<

0
P
rcj
Cn

•H

P
P

os

II ll
II II
II II
II II

II II
II II
II II
II II
II I!
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II H
II II

!l 'Ill II
II II
II II
II II
II II
II II
II II

0
Vj

rH O

2<
0 Cjj
tH <C

c
o
CO
q
0 fxj
ro <

II II
II II
II II
11 II
II II
II II

8

P
0

6

8
a

«

p
CO
3
rjn

2

II II
It II
It II
II II
II II
II II

II II
II !!
II it
II li
II II
II II

ll II
li II
II II
II II
II ll

•_
l-D

II II
II II
It II 0
II II C

II l|
II II
It II
II II
il II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II
II II rH
II I! 'H

il p
i a
I <

11
II
II II
II II
II It
ii ii
it it
il "
ii ii
it ii
it ii
ii ii
it ii
it ii
ii it
it it
ii il
ii it
ii ii
li ii
ii ii
li ii
it it
ti it
ii it
ii ti
ii it
ii it
ii ii
it it

•3

co cn o o ^r o
r* rH o ,n uo o
cn un o p- <_n o
o rH o r- ^r o

co o -*r vn r-A o iO <sf
ro vo o -rr <m o uo >n
ooro r*- ro cn o uo cn
CN o CN UO CN o o •tr

ro O O ro o O ro o o eg cn o rH O

no co o
OS UO
UO ro
CO

«_r o CN LO r-A r* r-A
co co rr o oo
n I cootM
r-» vo uo

O CN -«cr
o r-
UO r-A
CN r-A

O o o o o o o o o o o o o o

CNrHO CNOOCNOr-COCNOOO
rHCN ro rorNCsjuOrH CN
rH r-A rH -rr rH VO rH

VO O O VO VO O o
rg rH oo -^r cn
CN -h ro (M o
CN 0-1 CN

O o r- co o cn vo
00 VO CO o rr

O OO rH CN

HOioovooinHvt^^oincD
o r-A cn ^r r- cn (Ti if) rn rn rr
CX> <-A P* CN rTCN UOCN CNC>1
r-A r-A rH I rH rH

vo r-
r- vo
cnI

I!
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

|| roOOrOoOOLOrHVOcCOOOCNCO
HrHCN oocn rorH cno rocn
ij rr rr rH CN rH lO p-
|| r-A r-A r-A
II

o ro co o
rr ro
o CN
CN

in o rH o o
o
00

cn ro
ro ro

o vo oo
fTi ro
<3" CN

O
r- cn

rH O r-A vo o
cn «rf
CN CN

uorroococnovoo
rr rr r-A OS CN rH rr
o <ef ro r- cn rH cn

q

•2*
CO 0
P r-A

S c
•H M

<~~ VJ

• ra
CO P
0 c
iS 0
— &

0
P rH
0 Qg
> a

•H 0
CO -H
P UJ
0 C
> r-A

•rA

a -p
a

to

0
CO
CO

3

<T3
C
0

•H

P
r-A
rj

P

246

CO
co 0
0 -H
CO Vj
LO 0

>
3
GJ 0
Cn Q

q rcj
P Oi S
0 0 Vj

2 33 £8'$ 2

0
tr
c
<T5

p
q

P
•H

Pg CL
•H CO

0 q
p p

^P
q•rA UJ

ay

Sf.

jx
p

C
0
E
0
P

•H

3

0 CO
K 0

q u-i
tnuj

•H 0
p q
U 3
rH OS

5
o

r-A
C Cjj
0

•H

P
q

i i

3

a

c

.j

p
0
c_

p
0 P
0j U

« °Oi-r-i
0 0

p

P- CO OS
o:s vo uo

r- co on
co vo uo

o o O II

o uo uo
O CO CO

cs r— cn
CO rr rr

vo "^ CN
oo co r-

oo ro rr

co P* vo

r-A OS CN
CX) CO |>»

vo r- cn
co uo rr

c*P c*P

UJ UJ
U-I UM
U3 DM

II
II
II
II
II

-J
d*> II

U-I li
U-I II
CJ II

Cn II
H ll

P il
P II

8 II
ro II
0 H
vj II
S II

0
CM

C
U

0
VJ

3
P
CO

o

o
o

CO
0

•H
O Vj
O 0
rH >

•H

* rH
0

—s'P

q 0 p- q
4J -H vj p
•h vh q O
P.4 q uj -P

•H -H —- •—

o
0 rH W
p q
Q, +J -— —-

0 P p
0 P c c
> —' 0 0

•H

P

o
0

UJ

U-I
0

6 £
0 0
P Vj

•rA -H
3 3
0 D
0 0
P P

> q c
q -h o o
0 H H H

.H O P P
-P T3 ro q
q cn Cn
Vj g -H -H

•H VJ Vj P

o_ q p p
CO UJ -H -H
C "—w w
3
P II II

rj C C C
> 0 0 0
0 -H -H -H
..OOO
II -H -H H

UJ UJ UJ
4J VH UJ UJ
C 0 0 0
0

II

S r:
0 0 0 q
p o -h o

•h q p -h
3 a q p
D' >i O q
0 0 -H rn
Vj > rH -H

q a p
q o a p
O Ufl'H

•H

-P P P P
q O O u
CJ. GJ 0 0

•H ro-ro ro
P 0 0 0
Vj Vj p Vj
rH cO( iOl, CP

•X -k -K
•♦« * * *



APPENDIX E

GRAPHS OF SEASONAL WATER USE FOR
COORPERATING IRRIGATION PROJECTS DURING 1977

page

Enterpri se 248

Parks & Lewisville 249

Osgood 250

Idaho 251

Danskin 252

Burl ey 253

A & B 254

Milner Low Lift 255

North Side 256

Wood River Valley 257

Salmon River 258

Cedar Mesa 259

Bell Rapids 260

King Hill 261

Settlers 262

S. Board of Control 263

Little Willow 264

247



ENTERPRISE IRRIGATION DISTRICT
5970 IRRIGATED ACRES

r- 5"
Ul
111
*- 4.5-

ui
cn

<
(0

3.5

_

W 25

_- o

UJ *

_i
X

§
S .5

1.5

TOTAL INFLOW
20.100 AF
337 AF/A

I •> _ k s >k N

MAY JUNE JULY AUG. SEPT. OCT.

248



20

I-
Ixl

ui
o_ 16

a 14
z
<

I
H
.10

UJ
CO

Q_
UJ

I
X

8

6

4

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

__-_-.

TOTAL INFLOW
105.950 AF.
12.46 AF/A

MAY JUNE JULY AUG. SEPT OCT.

249



I-
UJ
UJ
Ul

_!
O
<

UJ
CO

Q_
UJ

X
I-

5

45

3.5

OSGOOD CANAL CO. (USI SUGAR CO.)
6220 IRRIGATED ACRES

TOTAL INFLOW

16,950 AF -
2.73 AF/A

DEEP PERCOLATION

4490 AF -~

26%

r

OPERATIONAL LOSSES

1500 AF
9%

SEEPAGE LOSSES

1980 AF
12%

3f-

/ry / \

25 —•

_s"^ _

2 —

ll/ /v \

1.5 • #* n.\

1
^IRRIGATIONS REQUIREMENT \

8970 AF \
53% A

.5 —

[

0

.///

K' - .1 > >. N . > 1 >» > l^C 'N.

MAY JUNE JULY AUG. SEPT OCT.

250



UJ
UJ
u.

UJ
tr

8

<
(0
3
O
X

UJ
CO

Q_
UJ

s

o
s

70

65

60

IDAHO IRRIGATION DISTRICT
35,600 IRRIGATED ACRES

-

55r
j

50

45

40

35

30

25

20p

15 f-
i

10

5 r~

0"-

RUNOFF
- LOSSES

4600 AF

1% —

LIGATION REQUIREMENT

54.000 AF
\ 17 % < \

,1 \ N IN __>_ K '-N. Nl S ._> H.

TOTAL INFLOW
314.300 AF

- 8.83 AF/A

MAY JUNE JULY AUG. SEPT. OCT.

251



I- 10
UJ
UJ
LL.

LU
rr

5J 8

< 7
CO

w 5

I 3
_J

z
o

DANSKIN DITCH COMPANY

4738 ACRES

TOTAL INFLOW

59,340 AF
12.55 AF/A

MAY JUNE JULY AUG. SEPT OCT.

252



BURLEY IRRIGATION DJSTRICT
41,440 IRRIGATED ACRES

OPERATIONAL LOSSES

__. 14,400 AF

6 %

RUNOFF LOSSES

4800 AF

'" 2 %

MAY JUNE JULY AUG. SEPT. OCT.

253



t_
l_
ui
nc
o
<

s

65

60

55

50

45

40h

• 35
UJ

3 30

uj 25
^ 20

X
15

10

5

0

AdB IRRIGATION DISTRICT
73,850 IRRIGATED ACRES

TOTAL INFLOW
282,960 AF
3.83 AF/A

RUNOFF

37.700 AF
" 13%

OPERATIONAL LOSSES
- 4980 AF

2%

SEEPAGE LOSSES

23.890 AF
8%

MAY JUNE JULY AUG. SEPT. OCT.

254



t 14

K 13
UJ

or |2 -

3
o •"
Z

< 10

o
X
I-

UJ
V)

r_
UJ

I

X
I-
z
o
s

9

8

7

6

5

4

3

2

I

0

MILNER LOW LIFT IRRIGATION DISTRICT
13,480 IRRIGATED ACRES

TOTAL INFLOW

56.570 AF
4.20 AF/A

a__ > •_» . I . J-^

OPERATIONAL LOSSES

-1530 AF
3 %

, SEEPAGE LOSSES
~"~ 8540 AF

15%

RUNOFF LOSSES
43 80 AF

8%

MAY JUNE JULY AUG. SEPT. OCT.

255



UJ
Ul
li-

ui
t_

a

180

160

NORTHSIDE CANAL COMPANY

149,340 IRRIGATED ACRES

TOTAL INFLOW
794330 AF

5.32 AF/A

OPERATIONAL LOSSES

2810 AF

0.4%

Q 140-

V)

120

ui
0)

100

c_
Ul

1
80

60

(= 40

O
2

20

RUNOFF LOSSES

_. 25.260 AF
3%

MAY JUNE JULY AUG. SEPT. OCT.

256



ui
Ul
u.

Ul

$

X
I-

Ul
(0

Ul

B
_;
X
I-
z
o

18

16

14

12

10

8

WOOD RIVER VALLEY IRRIGATION DIST

4850 IRRIGATED ACRES

TOTAL INFLOW
46,550 AF
960 AF/A

SEEPAGE LOSSES
11.060 AF

24 fc

6 -

o1— __-b»—------—I—a—*—is-L

MAY JUNE JULY AUG. SEPT. OCT

257



I-
ui
ui
u.

Ul

8
<

(0
3
o
X
I-

Ul
GO

Ul

1

I-
z
o

SALMON RIVER CANAL CO.

19,770 IRRIGATED ACRES
LTD.

MAY JUNE JULY AUG. SEPT OCT.

258



H
Ul
Ul
u.

Ul

a;
o
<

o
z
<

3
o
X
I-

Ul
(0
3

c_
UJ

I
X
I-

CEDAR MESA RESERVOIR a CANAL CO.
4030 IRRIGATED ACRES

4.5

CE
4(

4

3.5

3

2.5

2

1.5

1 V

.5

TOTAL INFLOW
17.050 A F
4.23 AF/A

MAY JUNE JULY AUG. SEPT. OCT.

259



H 16
UJ

i_
uj 14
o
<

z 12
<

s
__ 10

ui
to 8

a.

I6

i-
z

§2

BELL RAPIDS MUTUAL IRRIGATION CO.
25,520 IRRIGATED ACRES

TOTAL INFLOW

66,910 AF
262 AF/A

J__. _. Nl s

SEEPAGE LOSSES

S 5440 AF
8%

MAY JUNE JULY AUG. SEPT. OCT.

260



20

J-
ui
uil8
u.

LU
£2 16
O
<

o 14

<
(0
3
O
X
I-

Ul
CO

12

10

UJ

x 4
I-
z
o
2 2

KING HILL IRRIGATION DISTRICT
11,000 IRRIGATED ACRES

-L

IRRIGATION REQUIF

27.400 AF

24 %X
\

___.
____:

X

_____

TOTAL INFLOW

.900 AF
10.17 AF/A

MAY JUNE JULY AUG. SEPT. OCT

261



I-
ui
m ict-

UJ
IT 9
o
<

to 7
3 '
O
X

»- 6

UJ

3 5-

Q_
UJ

I4
_3

SETTLERS IRRIGATION DISTRICT
9440 IRRIGATED ACRES

TOTAL INFLOW
47.060 AF -

4.98 AF/A OPERATIONAL

LOSSES
1690 AF

4 %

-. j» -, -I :_ _i K N N I > -_a L

MAY JUNE JULY AUG. SEPT OCT.

262



Ul 44

P
40

ui

<
CO

36

32

g 28l

r 24

CO
3

Q_
Ul

fe 16

>: 12

O
2

20

8

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

TOTAL INFLOW
244.200 AF
642 AF/A

~» T-—-»—_U *—-.—1— & _J—k . 1^ Sa. _-J^

MAY JUNE JULY AUG. SEPT. OCT

263



LITTLE WILLOW IRRIGATION DISTRICT

2370 IRRIGATED ACRES

Ul
UJ
u.

Ui
ccr

8

2.2h

2.or
i

18^

1.6-
S

i

1.4^s
o
X j

1- 12 f
*

UJ

i

1

CO 1 "
3

i

B .8

| !

$
G~

> 1

_j •

X .4

Z 1

o J

2 .2[

0'

TOTAL INFLOW

8960 AF
3.78 AF/A

OPERATIONAL
LOSSES
1170 AF

13%

MAY JUNE JULY AUG. SEPT OCT.

264



APPENDIX F

GRAPHS OF APPLICATION, CONVEYANCE AND
IRRIGATION EFFICIENCIES OF COOPERATING
IRRIGATION PROJECTS DURING 1977

page

Enterpri se 266

Parks & Lewisville 267

Osgood 268

Idaho 269

Danskin 270

Burley 271

A & B 272

Mi 1ner Low Li ft 273

North Side 274

Wood River Valley 275

Salmon River 276

Cedar Mesa 277

Bel 1 Rapids 278

King Hill 279

Settlers 280

S. Board of Control 281

Little Willow 282

265



100

90

£ 80
o
o_
ui
S 70

co
uj 60
o
z
UJ

o 50
u.
u.

^40

5
H 30-

ENTERPRISE IRRIGATION DISTRICT

PROJECT CONVEYANCE
EFFICIENCY 80%

PROJECT APPLICATION
EFFICIENCY 55%

PROJECT IRRIGATION
EFFICIENCY 44%

O

20-

10

0

MAY JUNE JULY AUG. SEPT OCT.



ui
o
IT
Ul
0.

100

90

80

70

co 60
UJ
o

uj 50
o

ui 40

z
o

30

20

10

0

PARKS 6 LEWISVILLE IRRIGATION
COMPANY INC.

PROJECT CONVEYANCE
EFFICIENCY

50%

PROJECT APPLICATION
EFFICIENCY -v

25 % >Jl

PROJECT IRRIGATION*^
EFFICIENCY ^'

12 %

MAY JUNE JULY AUG.

267

:oct



100

OSGOOD CANAL COMPANY
(U a I SUGAR CO. )

90

I-

g 80r-
£ \
Ul

Q. 70-

co

y 60.-
o
z
UJ

o 50k-
u.
u.
UJ

40h

h ;
x
fc 30-

o
5

20

10

PROJECT CONVEYANCE
EFFICIENCY 79%

PROJECT APPLICATION
EFFICIENCY 67%

MAY JUNE JULY AUG. SEPT. OCT.

268

1
J



100

90

h-
80

z
UJ
o
or 70
Ul
Q.

«k 60
CO
UJ

o
z
UJ

50

o

U.
u.
UJ

40

>3
x 30

20

10

IDAHO IRRIGATION DISTRICT

PROJECT IRRIGATION

EFFICIENCY
17%

PROJECT CONVEYANCE

EFFICIENCY
54%

MAY JUNE JULY AUG. SEPT. OCT.

269



100

90

80

UJ

DC 70
Ul
Q.

CO
Ul

60

uj 50
o
u.

ui 40

>j
jE 30
O

= 20

10

0

DANSKIN DITCH COMPANY

PROJECT CONVEYANCE
EFFICIENCY

82%

PROJECT APPLICATION

- EFFICIENCY

23%

PROJECT IRRIGATION
_ EFFICIENCY

19%

MAY JUNE JULY AUG. SEPT. OCT.

270



100

90

£80
UJ
o

85 70
Ql

jjf 60
o

a 50
o

E
u.
ui 40-

>j
jE 30
o

20

10 h

0

BURLEY IRRIGATION DISTRICT

PROJECT CONVEYANCE
/ EFFICIENCY

74%

PROJECT IRRIGATION

EFFICIENCY

30 %

MAY JUNE JULY AUG. SEPT. OCT

271



100

90-

H
Z 80
UJ

8
UJ
0. 70

CO
UJ 60
o
z
UI

o 50

u.
u.
Ul

40

>j
X
1- 30

20

10

0

A 8 B IRRIGATION DISTRICT

PROJECT CONVEYANCE

EFFICIENCY

90 %

PROJECT APPLICATION
" EFFICIENCY

45%

PROJECT IRRIGATION

EFFICIENCY

41%

MAY JUNE JULY AUG. SEPT. OCT

272



100

90

5 80
UJ
o

lu 70
Q_

CO
UJ

O

60-

-j 50

u.
U.

w 40

h
f 30
O
2

20

10

MILNER LOW LIFT IRRIGATION DISTRICT

PROJECT APPLICATION

EFFICIENCY
/ 38%

PROJECT IRRIGATION
EFFICIENCY

32 %

MAY JUNE JULY AUG. SEPT OCT.

273



NORTHSIDE CANAL COMPANY

100

90

10

MAY JUNE JULY AUG. SEPT OCT.

274



100

90

H 80
z
Ul
o

gj 70
Q.

<n 60uj w
o

| 50
u.
U.

W 40

h
h- 30
z
o

20

10

0

WOOD RIVER VALLEY
IRRIGATION DISTRICT

PROJECT IRRIGATION
- EFFICIENCY

21 %

MAY JUNE JULY AUG. SEPT. OCT.

275

1



100

90-

£ 80-
ui
o

£ 70
Qu

2 60
o

I 50
Ll
UJ 40

£ 30

O

20

10

SALMON RIVER CANAL CO. LTD.

PROJECT CONVEYANCE
EFFICIENCY

63%

PROJECT APPLICATION
- EFFICIENCY

56 %

MAY JUNE JULY AUG. SEPT OCT.

276



100

90

g80
o
t_
Ul
Q. 70

CO

y 6o
o
z
ui

o 50
u.
u.

w40

£ 30
z
o

20

10

0

CEDAR MESA RESERVOIR
a CANAL CO.

PROJECT IRRIGATION

EFFICIENCY —

40%

MAY JUNE JULY AUG. SEPT OCT.

277



100

90-

^80
UJ
o
AC
uj 70
CL

ffi60
o

| 50
t
UJ

40

h
30

20

10

BELL RAPIDS MUTUAL IRRIGATION CO.

^ PROJECT CONVEYANCE
EFFICIENCY

92%

PROJECT APPLICATION
EFFICIENCY

60%

MAY JUNE JULY AUG. SEPT. OCT.

278



100

90

uj 80
o
(_
UJ
Q. 70

(0
UJ 60
o
z
UJ

o 50
u.
u.
UJ

40
>-
-J
I
K- 30
z
o
_-_•

20

10

KING HILL IRRIGATION DISTRICT

PROJECT IRRIGATION -x

EFFICIENCY '
24 %

MAY JUNE JULY AUG. SEPT OCT.

279



100

90

Ul

O 80
tr
UJ
Ol

70

CO
UJ

o
60

z
Ul

o 50
u.
u.
Ul

40

I- 30

O

20

10

SETTLERS IRRIGATION DISTRICT

PROJECT APPLICATION
EFFICIENCY

62%

!>C PROJECT IRRIGATION
^"* EFFICIENCY

47%

MAY JUNE JULY AUG. SEPT OCT.

280



100-

90

t 80z ^
UJ
o

S 70

co 60-
uj w
o
z

y 5of-
c
u.

w 40

P 30
z
o

20

10

SOUTH BOARD OF CONTROL,
OWYHEE PROJECT

MAY JUNE JULY AUG. SEPT OCT.

281



100

90

j_ 80
z
Ul
o

K 70
K!

co 60
UJ

o
z
uj 50
o
(_
UP
ui 40

jE 30
z
o

S20

UTTLE WILLOW IRRIGATION DISTRICT

PR0JECT
CONVEYANCE

V EFFICIENCY
87 %

10-

MAY JUNE JULY AUG. SEPT OCT.

282



APPENDIX G

Project Parameters, Costs, and Water Use

Variables Used in Statistical Analysis

1

2

1977

3
k

5

6 1977
7 1977
8 1977
9 1977

10 1977
11 1977
12 1977
13 1977
14 1977
15 1977
16 1977
17 1977
18 1977
19 1977
20 1977
21 1977
22 1977
23 1977
2k 1977
25 1977
26 1977
27 1977
28 1977
29 1977
30 1977
31 1977
32 1977
33 1977
3k 1977
35 1977
36 1977
37 1977
38 1977
39 1977
ko 1977
k] 1977
k2 1977
k3 1977
kk 1977

Irrigated area, acres
Project distribution system length, miles
Water users > 20 acres
System turnouts
Irrigated acres/mile of system
Inf1ow, af
Canal seepage, af
Operational losses, af
Farm deliveries, af
Effective precipitation, af
Farm runoff in return flow, af
Farm deep percolation, af
Evapotranspiration, af
Irrigation requirement, af
Project return flow, af
Groundwater pumped, af
Inflow, af/A
Canal seepage, af/A
Operational losses, af/A
Farm deliveries, af/A
Effective precipitation, af/A
Farm runoff in return flow, af/A
Deep percolation, af/A
Evapotranspiration, af/A
Irrigation requirement, af/A
Return flow, af/A
Groundwater pumped, af/A
Canal seepage, % inflow
Operational losses, % inflow
Farm deliveries, % inflow
Effective precipitation, % inflow
Farm runoff, % inflow
Deep percolation, % inflow
Evapotranspiration, % inflow
Irrigation requirement, % inflow
Return flow, % inflow
Groundwater pumped, % inflow
Effective precipitation %inflow farm deliveries
Farm runoff, %farm deliveries
Deep percolation, %farm deliveries
Evapotranspiration, %farm deliveries
Irrigation requirement, %farm deliveries
Return flow, %farm deliveries
Project conveyance efficiency, %
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k5 1977

k6 1977

kl 1977

ko 1977

k9
50

51
52 1977

53 1977

5k
55
56 Total

57
58

59
60 1977

61 1977
62

63 Total

6k

65
66

67
68

69
70 1977

71 1977

72

73 Total

7k Total

75
76

77
78 1977

79 1977

80

81 Total

82 Total

83
84

85
86 1977

87 1977
88

89 Total

90 Total

91
92

93
3k 1977

95 1977

96
97 Total

98 Total

Project application efficiency, %
Project irrigation efficiency, %
Project 0&M assessment, $
Project 0&M assessment, $/irrigated acre
Project administration costs
Project water control costs, $
Project maintenance costs, $
Project power costs, $
Project reservoir 0&M costs, $
Project 0&M costs, $
Project costs, $
System costs, $
Project administration costs, %system costs
Project water control costs, %system costs
Project maintenance costs, %system costs
Project power costs, %system costs
Project reservoir 0&M costs, %system costs
Project 0&M costs, % total system costs
Project costs, % total system costs
Project administrative costs, %0 & M costs
Project water control costs, %0 & M costs
Project maintenance costs, %0 & M costs
Project administrative costs, $/acre
Project water control costs, $/acre
Project maintenance costs, $/acre
Project power costs, $/acre
Project reservoir costs, $/acre
Project 0&M costs, $/acre
Project costs, $/acre
System costs, $/acre
Project administration costs, $/mile
Project water control costs, $/mile
Project maintenance costs, $/mi1e
Project power costs, $/mile
Project reservoir costs, $/mile
Project 0&M costs, $/mile
Project costs, $/mile
system costs, $/mile
Project administrative costs, $/user
Project water control costs $/user
Project maintenance costs, $/user
Project power costs, $/user
Project reservoir costs, $/user
Project 0&M costs, $/user
Project costs, $/user
System costs, $/user
Project admistration costs, $/acrefoot
Project water control costs, $/af
Project maintenance costs, $/af
Project power costs, $/af
Project reservoir costs, $/af
Project 0&M costs $/af
Project costs, $/af
System costs, $/af
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99
100

101

102 Total

103
104

105
106 Total

107 Total

108

109
110

111

112

113
114

115
116

117
118

119
120

121

122

123
124

125
126

127
128

129

130 1977
131 1977
132 1977
133

134

135

136

137
138

139
140

141

142

143
144 1977
145 1977
146

147
148

149
150

151

Administrative personnel costs, $
Water control personnel costs, $
Maintenance perosnnel costs, $
Personnel costs, $

Administrative personnel costs, % total personnel
Water control personnel costs,% TPC
Maintenance personnel costs %TPC
Personnel costs, % Project 0&M costs
Personnel 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 depreciation, $/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 System length served by ditchrider, miles/dr
153 System turnouts served by ditchrider, T.O./dr
154 Daily distance driven by ditchrider, miles/day
155 Percent of system-open-channel, %
156 Percent of systera-1 ined-open channel
157 Percent of system-pipe, %
158 Percent of system-lined channel+Pipe, %
159 Percent of water delivered at high pressure, %
160 Percent of high pressure water pressurized by project system %
161 Percent of high pressure water pressurized on the farm, %
162 Surface/gravity application systems, %total
163 Sprinkler application systems, %total
164 Project perimeter, miles
165 Project compactness ratio
166 Maximum project elevation, feet
167 Elevation differential, feet
168 Elevation differential, feet/acre
169 Elevation Differential, feet/mile of system
170 Average project farm size, acres
171 Average terrain code
172 Average soil type code
173 Average soil depth, inches
174 Average water holding capacity, inches/foot
175 Water delivery type code
176 Earliest flow right, date
177 Average flow right (weighted), date
178 Total flow right, cfs
179 Total flow right, cfs/a
180 Total flow right, cfs/af of 1977 inflow
181 Storage right, af
182 Storage right, af/A
183 Storage right, AF of 1977 inflow
184 Project origin (Federal vs non-Federal) code
185 # Production irrigation wells operated by project
186 1977 Abailable reservoir storage, af
187 1977 Available reservoir storage af/A
188 1977 Available reservoir storage, af/af of 1977 inflow
189 Average salary of district personnel, $/man-year
190 1977 Potato acreage, % total
191 1977 Alfalfa acreage, % total
192 1977 Grain acreage, % total
193 1977 Alfalfa + Grain acreage, % total
194 Canal wetted area, acre
195 Canal Maximum seepage rate, acre-feet/day
196 Average canal maximum seepage rate, cubic feet/sq foot/day
197 Irrigated area per canal wetted area
198 Available 1977 reservoir storage/reservoir storage right, %
199 Users/ditchriders
200 Personnel costs/mile

201 1977 crop value/acre-foot of inflow
202 1977 crop value/acre-foot of evapotranspiration
203 1977 assessed area,acre
204 1977 irrigated area/assessed area, acres.
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t

205 Daily ditchrider mileage/miles of system per ditchrider, %
206 Maximum conveyance capacity, cfs
207 Maximum conveyance capacity, cfs/acre
208 Total number of pumps operated by project
209 Total irrigated area/pump, A/pump
210 Total project pump horsepower, hp
211 Total project pump horsepower/acre, hp/A
212 Total water supply pumped by project, % total inlfow
213 Total water supply routed through project or private pumps,

% total inflow
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APPENDIX H

UNITED STATES BUREAU OF RECLAMATION

RRI GAT ION OPERATION AND MAINTENANCE

1956 = 1.00

Year Index

1956 1.00

1957 1.00

1958 1.04

1959 1.07

I960 1.09

1961 1.10

1962 1.12

1963 1.11

1964 1.14

1965 1.15
1966 1.18

1967 1.22

1968 1.27

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

COST INDEX

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 .
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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