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This report of the Lower Colorado Region Framework Study State-
Federal Interagency Group was prepared at field-level and presents
a framework progrem for the development and management of the water
and related land resources of the lower Colorado Region. This report
is subject to review by the interested Federal agencies at the
departmental level, by the Governors of the affected States, and by
the Water Resources Council prior to its transmittal to the Congress
for its consideration.
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SUMMARY OF FINDINGS

Irrigated land is expected to increase from the 1965 level of
1,315,000 acres to 1,613,000 acres by year 2020. Urbanization is expected
to remove 204,000 acres from production. The total new irrigation develop-
ment would be 502,000 acres. The program includes the completion of reha-
bilitation of existing distribution systems for 429,000 acres of presently
irrigated lands and new distribution systems to serve 1,075,000 acres, a
portion of which is presently irrigated exclusively by ground water.
Drainage facilities are included to serve 188,000 acres.

The expected increase in irrigated land will necessitate development
of lands not presently irrigated. A portion of this development will be
included in areas that are now developed but idle, while the remainder
will encompass new lands.

Augmentation schemes will be required to offset the existing shortages
of water and to provide for future uses.

Development needs and costs based on the Modified OBE-ERS projections
for the hydrologic area of the Lower Colorado Region are as follow:

Units: 1,000

1965 1966-1980 1931-2000 2001.-2020

Needs Costs Needs Costs Needs Costs Needs Costs

(ac) (3) (ac) ($) (ac) (3) (ac) ($)
Drainage

L.M.S. 210 - 67 13,400 18 3,600 38 7,600

L.C. - - - - 1 200 1 200

Gila 2 - 1 1,000 13 10,840 L9 37,700

Rehab. of Exist.
Irrig. Dist. Sys.

Acreage Served 293 - L29 - - - - -
L.M.S. 131 - 103 16,700 - - - -
L.C. 2 - 6 970 - - - -
Gila 160 - 320 52,000 - - - -

Develop. of New
Irrig. Dist. Sys. - - 346.8 - 596.2 - 132.0 -

L.M.S. - - 127 39,400 17.2 5,300 34.6 10,700

L.C. - - 6.8 2,100 3.0 800 0.4 200

Gila - - 213 66,000 576.0 178,000 97.0 29,800

OM&R

Irrigation
L.M.S. - 2,100 2,200 2,380
L.C. - 220 228 228
Gila - 7,000 7,480 7,510

Drainage
L.M.S. - 277 293 337
L.C. - - 7 7
Gila ' - 20 220 765




SUMMARY OF FINDINGS (continued)

A comparison of the OBE-ERS and Modified OBE-ERS for the projected
Irrigated Area, Crop Irrigation Requirement, Diversion Requirement and
Irrigation Development is shown in the following tabulation:

OBE-ERS
1965 1980 2000 2020
Irrigated Area (1,000 ac) 1,315 1,374 1,41k 1,449
Lower Main Stem (293) (288) (321) (345)
Little Colorado (28) (21) (22) (22)
Gila (994)  (1,065) (1,071) (1,082)
Crop Irrigation Requirement
(1,000 ac=-ft) 4,348 4,373 4,430
Lower Main Stem (996) (1,088) (1,152)
Little Colorado (51) (42) (43) (43)
Gila (3,008) (3,310)  (3,242)  (3,235)
Diversion Requirement
(1,000 ac-ft) 8,730 7,678 7,603
Lower Main Stem (2,264) (2,134) (2,086)
Little Colorado (137) (95) (85) (79)
Gila (6,319) (6,371)  (5,495)  (5,L438)
Irrigation Development
Lower Colorado Region
(1,000 ac) 123.7 116.5 133.8
Lower Main Stem (25.8) (36.1) (29.3)
Little Colorado 0.5) (0.4) (0.4)
Gila (97.4) (80.0) (104.1)

ii




Irrigated Area (1,000 ac)
Lower Main Stem
Little Colorado
Gila

Crop Irrigation Requirement
(1,000 ac-ft)
Lower Main Stem
Little Colorado
Gila

Diversion Reguirement
(1,000 ac-ft)
Lower Main Stem .
ILittle Colorado
Gila

Irrigation Development
(1,000 ac)
Lower Colorado Region
Lower Msin Stem
Little Colorado
Gila

Modified OBE~-ERS

1965 1980
1,315 1,458
(293) (330)
(28) (3h4)
(99k)  (1,09%)
L,585

(1,138)

(51) (62)
(3,008) (3,385)
9,2hk

(2,586)

(137) (1k1)
(6,319) (6,517)
199.

(67.

(6.

(126.

iii

2000 2020
1,549 1,583
(343) (373)
(36) (36)
(1,270)  (1,17H)
4,748 4,812
(1,160) (1,243)
(66) (66)
(3,522)  (3,503)
8,338 8,260
(2,276)  (2,251)
(129) (120
(5,933) (5,889)
168.4 132.0
(17.2) (34.6)
(1.6) (0.4)
(149.6) (97.0)
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CHAPTER A - INTRODUCTION

Purpose and Scope

The purposes of the Irrigation and Drainage Appendix are to:

1. Identify the presently irrigated land and those lands suited
for irrigation development in the Lower Colorado Region;

>2. Tabulate the projected acreage of irrigated land required
to satisfy the projected production requirements for food and fiber
in the Lower Colorado Region for the years 1980, 2000, and 2020;

3. Assess the water needed to provide the irrigation water
requirement for the projected acreage;

4, Assess the problems associated with present and future
irrigation development and recommend possible solutions,

5. Identify the present and projected drainage problems.

6. Estimate the projected costs required to satisfy the
needs and demands for irrigation and drainage.

This appendix summarizes the irrigation and drainage data for
the three Subregions within the hydrologic boundaries, along with a
Regional summsry. The appendix has been divided into the following
chapters:

Chapter A - Introduction--This chapter contains a brief dis-
cussion of the appendix, its purpose and scope, methodology, defi-
nitions, and history of the Region.

Chapter B - Present Status of Irrigation--This chapter contains
a2 summary of the presently irrigated acreage by source and adequacy
of the water supply, water requirements, and the contribution of the
irrigated lands to the economy of the Region. This chapter also
contains information on characteristics of the irrigated farms, crop
production, value of products, and other benefits attributable to
irrigation.

Chapter C - Irrigation Potential--This chapter contains a dis-
cussion, with maps and tables of land suited for irrigation and the
associated water requirements that would be needed if these lands
were irrigated.




Chapter D -~ Future Demands--This chapter contains projections of
future irrigation developments for the years 1980, 2000, and 2020 based
on a modification of the OBE-ERS projections, Additional data developed
in this section include the water requirements for these developments
and a description of the irrigation development as it pertains to the
Lower Colorado Region.

Chapter E - Summary--~This chapter presents summarized data on
the OBE-ERS projections and relates this information to the Modified
OBE~-ERS plan of development.

Methodology and Definitions

One .of the basic factors considered in Appendix X was the inventory
of land resources of the Region to determine the total irrigated and
potentially irrigable acreage. This was accomplished as a joint effort
of several Federal agencies and appropriate States.

Presently irrigated land was inventoried for the base year 1965.
By definition, irrigated land is land receiving water by artificial
means for agricultural and recreational use purposes. Responsibility
for inventorying irrigated acreage in the Region was assigned to the
Irrigation and Drainage Work Group. Information was obtained from
Federal and State agencies and these data were used directly or inter-
preted and adjusted to show their suitability for irrigation development.

Tand suited for irrigation is land having soil, topography, and
drainage conditions suitable for irrigation development. It may or may
not be located where a water supply is or can be made available at costs
presently conducive to development.

Studies concerning water utilization and irrigation practices were
made in cooperation with appropriate Federal and State agencies. Data
from all available sources were utilized and adjusted to Regionsl, State,
and Subregional boundaries for the 1965 level of development. Crop con-
sumptive use, crop irrigation requirements, farm delivery requirements,
and diversion requirements were determined on the basis of the Blaney-
Criddle Method, utilizing the latest available data on seasonal crop
coefficients for the Lower Colorado Region. Irrigation requirements
for the base year (1965) were based on farm efficiencies averaging
50 to 60 percent with deep percolation and surface waste taken into
consideration. Projected efficiencies of 60 to 70 percent were based
on the premise that distribution systems be constructed with impervious
linings or enclosed in pipelines and other measures discussed later in
this appendix. Specific information or details are aveilable as
supporting data.




Definitions pertaining to water utilization for irrigation as
used in this appendix are listed below.

Land with a full supply is land with sufficient water
available to satisfy the optimum water consumption
requirements of crops produced. ‘

Surface sources of water include streams, lakes, reservoirs,
and drainage ditches. Ground-water sources relate to wells
(pumped or flowing) and water taken directly from springs.

Water quality is a term used to describe the chemical and
physical characteristics of water regarding its suitability
for irrigation.

Drainage, as it pertains to irrigation, is the act, process,
or mode of relieving lands of excess water and salt. Drainage
water which has been collected by a drainage system may derive
from surface water or from water passing through soil and mey
be of a quality suitable for reuse, or it may be of no

further economic use at the time and place of its occurrence,
therefore, is considered to be waste water,

Crop irrigation requirement for purposes of this study, is the
amount of water required at the crop root zone to satisfy the optimum
water consumption requirements of the crop. This requirement is based
on the gross consumptive use less effective precipitation.

Farm delivery requirement, is the crop irrigation requirement
divided by the farm efficiency based on present (1965) farm practices
when farm efficiencies averaged between 50 and 60 percent. Ieaching
was not considered in the development of farm efficiencies, since deep
percolation losses are considered adequste to meet leaching needs for
most areas within the Region under existing water quality.

Diversion or withdrawal requirement was determined by dividing
the farm delivery requirement by the weighted distribution system
efficiency. This requirement was glso based on the availability of
a full water supply to meet optimum conditionms.

Reference to OBE-ERS pertains to the Office of Business Economics,
Department of Commerce, and the Economic Research Service, Department of
Agriculture,.




The section pertaining to the economic aspects of irrigated lands
in regard to crop production, value of the products, and other benefits
generated by irrigation, including economic projections of the Region's
agricultural requirements for allocating future irrigation development,
was prepared by the Economics Work Group, in cooperation with other Work
Groups, Federal, and State agencies. Projections pertaining to the
economic structure of the Region, as characterized by population, employ-
ment, personal income, gross output, and gross regional product, were
made on the basis of county data which were aggregated so as to approxi-
mate the hydrologic Region and Subregions. Irrigation and drainage
requirements were then projected, based on functional needs for food and
fiber production derived from the economic projections. Data pertaining
to characteristics of irrigated farms, livestock numbers, and value of
crops, livestock, and livestock products were derived from U, S. Census
of Agriculture, 1964, for the base year 1965. These data are for
economic Subregions and Region.

Relationship to Overall Study

The Irrigation and Drainage Appendix is one of 12 appendixes to the
Main Report providing basic data pertaining to water and related land
development, use, or management. It presents a plan of analysis of the
present situation and future requirements for irrigation and drainage to
meet production requirements for food and fiber for the years 1980, 2000,
and 2020. Combined with the other appendixes, it provides the data
required for the formulation of framework plans and preparation of the
Main Report.

Description of the Region

The Lower Colorado Region with an area of approximately
141,000 square miles includes most of Arizona and parts of southeastern
Nevada, southwestern Utah, and western New Mexico. Geogrsphically, it
includes all drainage into the Colorado River below lee Ferry, Arizona,
except those in California and Mexico; several closed basins in Arizona,
Nevada, and New Mexico; and some drainage basins in southern Arizona
that flow into Mexico. Physiographically, the Region is comprised of
(1) the Basin and Range Province and (2) the Colorado Plateau Province.
The first is a hot and arid area of lower elevations containing a series
of northwest~trending mountain ranges, intervening basins, and deserts.
The geographic dividing line between the Basin and Range and the
Colorado Plateau Province is the Mogollon Rim, an escarpment traversing
central Arizona, and a series of other minor escarpments running from
the head of lake Mead, impounded by Hoover Dam, in a southeasterly
direction to the Continental Divide in western New Mexico.
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The Colorado Plateau Province which occuples the north and north-
eastern part of the Region is characterized by alternating cliffs and
slopes. The entire province is drained by one master stream, the
Colorado River,

The Region has been divided into three Subregions: (1) Lower
Main Stem, (2) Little Colorado, and (3) Gila.

The Iower Main Stem Subregion, with approximately 50 organized
irrigation districts and canal companies, encompasses a total of
56,54k square miles between lee Ferry, Arizona, and Mexico, and includes
western Arizona, & portion of southern Nevada, and the southwest corner
of Utah.

The flow of the Colorado River within the Subregion is essentially
controlled by Lake Mead (Hoover Dam) and by major reservoirs constructed
as part of the Colorado River Storage Project.

Regulated releases from Lake Mead have provided the means for
successful land development within the lower desert reaches of the
Subregion.

Of the 1.7 million acre~feet of annual surface~water diversion for
irrigation purposes within the Subregion, over 80 percent is for use
along the river in Yuma County, Arizona. The three major surface-water
diversions within this area are for the Yuma and Gila Projects and the
Colorado River Indian Irrigation Project.

There are approximately 4O irrigation districts and canal companies
serving agricultural lands in southern Nevada and Utah. These districts
divert waters from the Muddy River system in Nevada, and the Virgin
River system which drains portions of Nevadas, Arizona, and Utah, Other
tributaries with minor surface-water diversions within the Subregion
include Kanab and Havasu Creeks and the Bill Williams River.

The Little Colorado Subregion with the ILittle Colorado River within
its boundaries drains approximately 26,970 square miles in northeastern
Arizona and northwestern New Mexico. The river rises on the north slopes
of the White Mountains approximately 20 miles south of Springerville,
Arizona, and flows in a general northwesterly direction to its junction
with the Colorado River on the east boundary of Grand Canyon National
Park. The Little Colorado River contributes an average of 0.42 million
acre-feet annually (1914-1965) to the Colorado River. Nearly 4O percent
of this supply is from the Blue Spring area located near the mouth of
the river, however, this water is of a high saline content which signifi-
cantly contributes to the Colorado River salinity problem,

Within the Little Colorado Subregion there are 13 organized irriga-
tion districts and canal companies which use surface water as their
major source of irrigation water supply. Five of these water users are
located along the Little Colorado River in Arizona.

X-5




The Gila Subregion has approximately 80 irrigation districts
and canal companies within its boundaries; and drains approximately
57,606 square miles in central and southeastern Arizona and south-
western New Mexico, bordering Mexico on the south and the Continental
Divide on the east. Streams in the upper Gila River and Salt River
systems are the most productive of the entire Lower Colorado Region,
with many tributaries having perennial flows. Practically all the
Subregion surface~-water supplies originate from these upper watershed
areas, The Salt River watershed in Arizona produces nearly 70O percent
of the total Subregion surface-water irrigation diversions within the
Subregion, over 85 percent is used in the central basin of Arizona.
Major surface-water diversions within the central Arizona area are for
the Salt River Project service area in the Phoenix area, and the
San Carlos Project service ares along the Gila River in Pinal County.

History and Background

The large-scale practice of irrigation in the Lower Colorado
Region can be traced back to the Hohokam Indians who developed an
impressive system of irrigation canals and a culture, about 300 B.C.,
capable of supporting a sizeable population. Faint evidences of
these canal routes still exist. ;

The Spanish explorers of the mid-16th Century found the Indiens
in the southwest irrigating their land by diversions and canal systems.
These explorers were followed by missionaries who reportedly aided the
Indians by giving them new varieties of grain and vegetables. The
first canal constructed in the Lower Colorado Region that started the
present development was completed in March 1868 by Jack Swilling, a
visionary of that period.

During the period 1880 to 1910, agriculture and associated indus-
tries expanded rapidly but spasmodically. The history of irrigation
was one of alternate prosperity and failure.

The need for impounding runoff and sediment in the upper reaches
of the watersheds for preventing flood damage and maintaining a con-
tinvous flow of irrigation water was recognized. After much effort,
sufficient national attention to these problems was generated in
the United States Congress to allow enactment of the Federal Reclamation
Act of June 17, 1902. This legislation provided for the ultimate con-
struction of the Salt River Project, as well as several other projects
in the Region.
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Between 1920 and 1930 several irrigation districts were organized.
Although most of the irrigation organizations were established in the
early 1920's, limited additional acreage was brought under irrigation
until the latter part of the decade when electricity became more
availeble. Ground-water pumping in the area began increasing about
1935. Instrumental factors in this increase were the advent of the
deep turbine pump, the availability of lower cost power, and the
substantial recovery of farm prices.

The increase in well drilling and the concurrent increase in
pumping created concern over the gradual but continual lowering of
the water table; however, no law or code existed to regulate well
drilling and ground water was needed and therefore used to supplement
the inadequate surface-water supply.

The period from 1946-1953 was one of increasing crop acreage,
increasing water costs, and a definite overdraft of the reserve ground-
water resources. Years of subnormal rainfall reduced the supply of
surface water available for irrigation, thereby creating a need for
additional water from the ground-water reservoirs. This shortage of
water also prompted State legislatures in the Lower Colorado Region
to enact legislation governing the extraction of water from underground
supplies.

The period 1953-1965 was a leveling off period in which agri-
culture remained fairly stable with no significant increase in acreage.
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CHAPTER B -~ PRESENT STATUS OF TRRIGATION AND DRAINAGE

GENERAL

Agriculture

It is estimated that in 1965 approximately 1,530,000 acres were
developed for irrigation in the Lower Colorado Region, of which about
1,190,000 acres were actually irrigated with 125,000 of these acres pro-
ducing more than one crop in 1965. Approximately 370,000 acres of devel-
oped lands are currently out of production because of several factors
including deficient water supplies, poor water quality, uneconomic pump-
ing costs, and idle land developed for irrigation within urban areas,

The locations of irrigated areas as of 1965 are shown on the General Map,
Map No. 1 (Frontispiece).

About 77 percent of the irrigated lands are located in the Gila
Subregion, and include large organized irrigation developments in Maricopa,
Pingl, and Pima Counties in the central basin of Arizona. Most of the
Region's remaining irrigation development (about 20 percent) is in the-
Lower Main Stem Subregion, which covers the western portion of the Region.
The Little Colorado Subregion, which occupies northeastern Arizons and
northwestern New Mexico, contains less than 3 percent of the Region's
irrigated area., Although the Lower Colorado Region covers portions of
southern Nevada and Utsh and western New Mexico, about 94 percent of all
irrigated lands are located within the State of Arizona. The distribution
of tﬁese irrigated lands is given in table 1 and shown on Maps Nos. 2, 3,
and 4.,

Table 1
; 1/
Total Irrigated Acres--1965

Hydrologic Areas Total
(1,000 ac)
Subregion 1 (lLower Main Stem) 293
Arizona (223)
Nevada (49) &/
Utah (21)
Subregion 2 (Little Colorado) 28
Arizonas, (22)
New Mexico (6)
Subregion 3 (Gila) 99l
Arizona (961)
New Mexico (33)
Total Region (Acres) Yy 1,315

1/ Includes double cropping and failures.

g/ Includes 30,000 irrigated acres located on the White River
system in White. Pine, Nye, and Lincoln Counties; on
Meadow Valley Wash in Lincoln County; and Jakes Valley
in White Pine County.
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The long growing season available for portions of the Gila and
Lower Main Stem Subregions allows double cropping of barley, forage
crops, sorghum, and vegetables to increase total crop production.
Of the 1,315,000 acres cropped in 1965 approximately 125,000 acres
were double cropped. The ability to produce more than one crop in
a year gives this area a unique advantage over many other irrigated
sections of the United States.

About 90 percent of the total harvested acreage within the Region
was accounted for by seven major crops. The following tabulation
indicates these crops as a percentage of the harvested acreage.

Table 2--Major Crops = 1965
Percent of

Crop Acreage Harvested Acreage
Alfalfa 207,880 18
Barley 170,230 _ 15
Citrus 38,975 h
Cotton 344,810 31
Pasture 91,514 8
Sorghum 186,055 17
Vegetables Th, 604 7

Major Bureau of Reclamation projects within the Region include the
Salt River Project located in the Gila Subregion, and the Yuma and Gila
Projects located within the Lower Main Stem Subregion. The Bureau of
Indian Affairs has developed the Colorado River Indian Irrigation
Project located in the Lower Main Stem Subregion and the San Carlos
Project located in the Gila Subregion.

Within the Region there are approximately 140 irrigation districts
and canal companies which encompass the majority of the irrigated lands.

Recreation and Fish and Wildlife

Lands irrigated for recreational use and production of crops for
wildlife are about 2 percent of the total irrigated land in the Lower
Colorado Region. Crops irrigated for wildlife use are estimated at
about 1,300 acres and, except for minor acreage in New Mexico, are
located in the Lower Main Stem Subregion.

Recreational lands consisting mainly of golf courses and miscel-
laneous city, State, and Federal parks are estimated at about
25,000 irrigated acres.




. The irrigated pastureland used to board the show, racing, and
riding horses is also recreation-oriented. The number of these
animals is estimated to be 30,000 within the Region at the present

time (1965).

Source of Water Supply

Surface--Farly irrigation of arid lands in the Lower Colorado
Region began with surface-water developments along the Virgin,
Colorado, Gila, Salt, and Little Colorado River systems. However,
by the 1930's essentially all the surface-water supplies within the
Gila Subregion and Little Colorado Subregion, except for Clear and
Chevelon Creeks and Blue Spring, had been appropriated for use so
that further development was dependent upon ground water.

Of the 1,315,000 irrigated acres within the Region in 1965, only
about 19 percent, or 250,000 acres, depend entirely on surface waters.
The majority of these lands are within the Lower Main Stem Subregion,
and include some irrigated lands in southwestern Utah, southeastern
Nevada, and the irrigation developments along the Lower Colorado River.

Other small organized land developments with surface supplies
are found throughout the upper Gila and Little Colorado River systems,
most of which were developed for irrigation between 1890 and 1920.
These are areas with decreed surface-water rights. With the exception
of the San Carlos Project and the Salt River Indian Reservation,
practically all irrigation on Indian reservations in the Gila and
Little Colorado Subregions are supplied by diverting sporadic surface
flows from minor tributaries. The total Indian lands irrigated each
year varies depending upon the surface-water supply. The San Xavier,
Chuichu, and Gila Bend Reservations depend entirely on ground water,
while the San Carlos and Gila River Reservations depend partially on
ground water for irrigation.

Within the Region almost two-thirds of all irrigated lands
originally developed with surface-water supplies have been supplemented
by pumped ground water. Currently there are approximately 418,000 acres
of irrigated land, on which ground water is used to supplement surface-
water supplies. A majority of the developed lands with supplemental

- ground-water supplies are found within the central basin of Arizona
(Gila Subregion).

Ground Water--Since 1940 substantially all new irrigated land
development in the Region has been supplied by pumping ground water
excepting lands developed with Colorado River water. Under 1965
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conditions over 47 percent of the total irrigated acreage was entirely
dependent on ground water. Most of this development has taken place
in the warmer southern desert area of the Region, Within Central Arizona
about one~half million acres of land have been developed with ground-
water supplies. Almost all of these developments pump far in excess
of the recharge rate. In the south central —7izona area alone, annual
ground-water levels are presently declining =/on an average of 8 to

10 feet per year and is believed to be the principal cause of land
subsidence which has occurred in many areas. Several thousand acres
of land that were developed for irrigation by ground water within
central Arizona have gone out of production because of the decreased
yield of the ground-water supply or high pumping costs.

Irrigated lands (1965 condition) within the Lower Colorado Region,
tabulated by source of water supply are shown on table 3.

Table 3~-Irrigated Acres by Water Source--1965
Hydrologic Area

Unit: 1,000 acres
Irrigated Iands by Water Source

Total Surface
Irrigated and
Subregion Acres ' Surface Ground Ground
Lower Main Stem 293 2ho 38 6
Arizona (223) (19%4) (23) (6)
Nevada (49) (36) (13) (0)
Utah (21) (19) (2) (0)
Little Colorado 28 16 L 8
Arizona (22) (10) (4) (8)
New Mexico (6) (6) (0) (0)
Gila 99k 15 576 403
Arizona (961) (9) (554) (398)
New Mexico (33) (6) (22) )
Total Region g/
(acres) 1,315 280 618 47

l/ See Appendix V for map on ground-water decline due
to pumping.
2/ 1Includes 125,000 acres double cropped.
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Irrigation Practices

The long history of the scarcity of water and the increasing
costs of pumping water have made the agricultural industry look
critically at water management. Although much has been accomplished
in efficient use of water supplies, the full potential has not yet
been realized.

Within the boundaries of the Lower Colorado Region, some of
the most modern techniques of water application are utilized. These
include computers, remote control, telemetering, automatic gate
operation, and other forms of irrigation system automation.

Table U4 indicates the type and quantity of some of the irrigation
facilities and conservation measures that have been installed on the
land as of 1965. As the table indicates, there has been a great
deal of emphasis on good water management. The 7,377 miles of
irrigation ditch lining, canal lining, and irrigation pipelines
have considerably reduced the seepage loss.

Nearly 245,000 water-control facilities have been installed in
the Lower Colorado Region. These facilities include major storage
reservoirs, diversion dams, tailwater recovery facilities, pumping
plants, and other water-control structures designed for better
managenment in an irrigation system.

In many areas of the Lower Colorado Region, especially the
Gils Subregion, ground water and surface water are incorporated
in the same system. This allows a flexible operation as the pumps
can be regulated to minimize system waste.

The following is an estimate of the percentage of land in the
hydrologic Subregion irrigated by border, furrow, and sprinkler
methods in the ILower Colorado Region, '

Subregion
Method Lower Main Stem Little Colorado Gila
(%) (%) (%)
Border Ly 30 Ll
Furrow 55 70 5k
Sprinkler 1 -- 2




Table 4
Lower Colorado Region

Irrigation and Drainage Practices and Meaqures.}/

1965
Hydrologic Subregion

~ Lower
Main Little

Practice or Measure Unit Stem Colorado Gila Total
Irrigation Water

Storage Facilities number 342 35 624 1,001
Irrigation Ditch and

Canal Lining and

Irrigation Pipeline mile 955 28 6,394 7,377
Water Control

Facilities (Diversion

Dams, Pumping Plants,

etc.) number 94,069 4,160 146,483 244,712
Irrigation Water ..2../

Management acre 80,000 5,120 147,200 232,320
Land Leveling and

Smoothing acre 151,040 14,720 558,720 T2k,480
Tile Drains mile 150 - 2 152
Tile System Structures

(wells, etc.) number 37 - -- 37
Drainage Ditch mile 155 - -- 155

l/ Does not include all practices and measures that have
been applied.

g/ The use and management of irrigation water--where the quantity
of water used for each irrigation is determined by the moisture-
holding capacity of the soil, the need of the crop, and where the
water is applied at a rate and in such a manner that the crops
can use it efficiently and significant erosion does not occur.

X-13




While there has been a slight increase in sprinkler systems in
the Region, the emphasis is for more effective use of surface appli-
cations. Better water management and reduction of costs are main
concerns of the irrigation farmer. Due to the high evaporation loss,
sprinkler systems are not utilized as extensively as other systems in
the Region.

Border irrigation is used for close growing crops, some row crops,
and orchards where topography and soils are suitable. The three types
of border irrigation are level, graded, and guide.

Furrow irrigation is used throughout the Region with about one-
half of the acreage in the Gila and Lower Main Stem irrigated by this
method., Furrow irrigation is used for nearly all row crops and is
adaptable to great variations in land slopes and soil textures.

Corrugation irrigation is included in the furrow irrigation per=-
centages, It is similar to furrow irrigation except that corrugations
usually are smaller and closer together. This method is frequently
used with borders when steep slopes and slow intake soils are encauntered.
The corrugations are used for irrigating close growing crops, such as
hay and small grains., It is one of the least expensive irrigation
methods to install.

Subirrigation is used on a very small acreage of the Lower
Colorado Region. :

In the Gila Subregion sprinklers are generally located in the
ares south of Tucson and Willcox. There are a few scattered through-
out the remainder of the Region.

Use of Water for Irrigation

Diversions

The principal use of water within the Lower Colorado Region is
for agricultural purposes, There are three sources of water supply:
(1) Colorado River inflow from Upper Colorado Region, (2) streamflow
originating within the Region, and (3) local ground-water reservoirs.

The current annual irrigation withdrawal in the Region is esti=-
mated as nearly 7.8 million acre-feet, representing an average gross
“diversion of over 6 acre-feet per irrigated acre. Annual irrigation
withdrawals with the exception of the FPhoenix-Casa Grande, Arizona,
area and along the Colorado River average from 3 to 4 acre-feet per
‘acre. About 62 percent of the present total irrigation withdrawal is
supplied from ground-water pumpage.
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The distribution by Subregion and States of the average annual
surface diversion and ground-water pumping for irrigation purposes
are shown below,

Table 5
Estimated Water Withdrawals for Irrigation - 1965

Units: 1,000,000 ac~-ft
Surface Ground Total

Subregion 1 (Lower Main Stem) 1.83 0.4k 2.27
Arizona (1.62) (0.39) (2,01)
Nevada, (0.12) (0.04) (0.16)
Utah (0.09) (0.01) (0.10)

Subregion 2 (Little Colorado) 0.05 0.06 0.11
Arizona (o.04)  (0.06) (0.10)
New Mexico (0.01) - (0.01)

Subregion 3 (Gila) 1.13 4,26 5.39
Arizona (1.09) (k.19) (5.28)
New Mexico (o.04) (0.07) (0.11)

Total 3.01 k.76 7.77

A large percentage of the 1,190,000 acres of irrigated land within
the Region has an adequate water supply at the present time; however,
this is not & firm supply as most of the diversions are from ground
water and much of that is dependent on overdrafting the ground-water
reserves.

The present (1965) use and diversion of essentially all surface
water for irrigation within the Region is regulated by water right
decrees. These decrees are (1) the Supreme Court Decree (Colorado River
Water) of March 9, 1964, (2) the Gila Decree (Globe Equity No. 59) of
June 29, 1935, (3) the Kent Decree (Salt and Verde Rivers) of March 1,
1910, (4) the Norviel Decree (ILittle Colorado River) of April 29, 1918,
(5) the San Simon Creek Decree (New Mexico) of July 9, 1965, and five
decrees in Utah. Other decrees, such as the Gila River System Decree
of August 23, 1967, and the San Francisco River System Decree of May 9,
1968, also control the use and diversion of all surface and ground water,
except for uses on certain Federal reservations.
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The significance of these decrees is that they have established
the priorities and water rights for a major portion of the appropriated
surface~water supplies used for irrigation purposes within the Iower
Colorado Region. More detailed information on these decrees may be
found in the Legal and Institutional Appendix.

Lake Mead (Hoover Dam), together with major reservoirs constructed
as part of the Colorado River Storage Project, almost completely con~
trols the surface flow of the Colorado River within the Lower Main Stem
Subregion. Lake Mead has a multipurpose storage capacity of nearly
30 million acre~feet, which in addition to providing conservation of
water for irrigation also provides important flood protection and river
regulation, conservation of water for M&I uses, generation of electrical
energy, important outdoor recreation, and preservation of fish and wild-
life. Regulated releases from Lake Mead have provided the means for
successful land development within the lower desert reaches of the
Subregion.

The three major surface-water diversions within this area are for
the Yuma and Gila Projects and the Colorado River Indian Irrigation
Project. Organized water users in the Yuma area include the Yums Mesa
Irrigation and Drainage District, the Yuma Irrigation District (South
Gila Valley Unit),the Yuma County Water Users' Association, the North
Gila Valley Irrigation District, the Unit "B" Irrigation and Drainage
District, and the Wellton-Mohawk Irrigetion and Drainage District.

Major irrigation diversion facilities include Imperial Dam,
located 18 miles northeast of Yuma, and Headgate Rock Dam, located
about 14 miles downstream from Parker Dam. Imperial Dam provides
diversion facilities for Colorado River water for Arizona through the
All-American and Gile Gravity Main Canals for delivery to the Yuma and
Gila Projects, respectively. Headgate Rock Dam diverts water to irri-
gated lands on the Colorado River Indian Irrigation Project in Arizona.
Although not directly connected with irrigation diversions within the
Lower Main Stem Subregion, both Davis Dam, located 67 miles downstream
from Hoover, and Senator Wash Dam, located about 2 miles northwest of
Imperial Dam in California, provide additional regulation of riverflows
arriving at Imperial Dam. Both these structures were built primarily
to provide for regulation of Colorado River water delivered to Mexico
as required by Part III of the Treaty of February 3, 194k, 1/

1/ The Mexican Water Treaty was consummated in 194k (59 Stat. 1219)
which allocated to Mexico 1.5 million acre~feet of Colorado River
water annually.
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Parker Dam and Palo Verde Diversion Dam were constructed primarily
to provide diversion facilities for water users inCalifornia. However,
Parker Dam is also one of the important control points in the operation
of the Lower Colorado River.

In addition, flood control is provided by Alamo Dam, on the
Bill Williams River in Arizona, which was completed in 1968,

Other minor diversions along the Colorado River main stem include
diversions to the Cibola Valley Irrigation and Drainage District,
located about 50 miles north of Yuma, and the Mohave Valley Irrigation
and Drainage District near Bullhead City, Arizona.

Flow of the upper reaches of the Little Colorado River is par-
tially controlled by Iyman Dam and Reservoir located about 9 miles south
of St. Johns, Arizona, with a total storage capacity of about 31,000 acre-
feet, and by numerous minor reservoirs in the upper tributaries,

Some of the smaller storage reservoirs include Daggs Reservoir
and Mexican lake on Silver Creek, Show Low and ILone Pine Reservoirs
on Show Low Creek, and the Black Rock and Ramah Reservoirs on the
Zuni River system in New Mexico.

Limited quantities of unappropriated and erratic surface flows
occur throughout the lower reaches of the Little Colorado River.
However, in most cases, relatively large storage reservoirs would b