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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 program for the development and management of the water and
related land resources of the Lower Colorado Region.
subject to review by the interested Federal agencies at the depart-
mental level, by the Governors of the affected States, and by the
Water Resources Council prior to its transmittal to the Congress for

its consideration.

This report is

While the comprehensive framework plan presented herein is the
result of a coordinated effort by participants from various Federal
and State agencies involved in the Study, it does not necessarily
reflect the singular viewpoint or policy of any particular agency or
state. The type and need for future developments may change appre-

' ciably from the framework plan as a result of differing assumptions,
! methodology, and objectives used in water and land use plans pre-

! pared by the State and/or Federal agencies.
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LOWER COLORADO REGTON COMPREHENSIVE FRAMEWORK STUDIES

SUMMARY OF FINDINGS

—\

This report presents the results of comprehensive investigations of
water and related land resources of the lLower Colorado Region. It pro=-
vides appraisals of natural resources and their geogrephic distribution,
projections of future requirements, associated problems and needs, and
presents a framework program for the development and management of the
water and related land resources of the Region to the year 2020, with
intermediate objectives to the years 1980 and 2000. A schedule of
implementation is presented, together with a general estimate of costs,
for the program. <

The Lower Colorado Region, 141,137 square miles in extent, includes
most of Arizona, and parts of Nevada, New Mexico, and Utah, and comprises
nearly 5 percent of the contiguous United States. The population is con-
centrated principally in south central Arizona and southern Nevada., The
remainder of the Region's population is located in small, widely scat-
tered communities. Much of the area is uninhabited.

Except for the availability of water supply, the Region is bounti-
fully provided with resources, space, and general environment which will
support future growth. Probably the most stimulating single factor on
the growth of the Region is the climate which permits activities such as
irrigated agriculture, construction, entertainment, tourism, and outdoor
recreation during the entire year.

Economic Projections and Activities

Inventories and appraisals of resources and development of the
Ilower Colorado Region were prepared for a base year, 1965, and a 55-year
projection time frame with three target years, 1980, 2000, and 2020.
National interregional projections, which equated national demand and
supply together with consistent regional projections based upon histor-
ical trends in interregional production relationships, were developed by
the Office of Business Economics, U.S. Department of Commerce, and the
Economic Research Service, U.S, Department of Agriculture. These pro-
Jjections, referred to as OBE-ERS projections in this study, were based
upon specific assumptions. A primary assumption was that the population
of the United States will grow at the U.S. Census Series C rate which
is substantially below the 1962<65 rate, but above more recent rates.
Other basic assumptions are included in this and the other functional
appendixes relative to the particular resource aspect being considered.
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The OBE~ERS projections for the Region were modified somewhat to more
closely reflect regional trends. These "Modified OBE-ERS" projections
have been used in development of the l[ower Colorado Region comprehensive
framework program. A comparison of the Modified OBE-ERS and OBE=ERS
projections is included in the latter part of Appendix IV, Economic

Base and Projections.

Population is expected to increase nearly 4 times, municipal and
industrial water requirements over 6 times, electric energy requirements
over 42 times, recreation demand over 6 times, and flood damage will
increase nearly 8 times by the year 2020. Personal per capita income
in the Region was $2,292, about 90 percent of the national average in
1965, and by year 2020 is projected to almost equal the national average
of more than $12,000.

Water Supply

Much of the Region's economy is sustained by utilizing ground-water
reserves. In 1965, the depletion rate of these reserves reached 2.5
million acre-feet annually due largely to the lack of facilities for
enabling the Region to utilize its share of Colorado River water. The
Southern Nevada Water Project, presently under construction, the Central
Arizona Project, and the Dixie Project in Utah must be completed at an
early date in order for the Region to utilize the remainder of the avail-
able renewable water supplies. 1In the absence of an imported water
supply, ground-water overdraft is expected to continue and the regional
water deficiency is projected to reach 4,50 million acre-feet annually
by year 2020.

Water resource-oriented programs need to be accelerated in the future
with respect to both planning and implementation if future requirements
are to be satisfied on a timely schedule. The basic long-range objective
is augmentation of the Region's water supplies in sufficient increments
to meet future water requirements and reduce ground-water overdraft. It
is recognized that a program of this magnitude will probably require time,
in the order of 20 years, to implement. In the meantime, all possibilities
for lessening the effects of the increasing water deficiencies must be
explored.

The framework program includes expansion of water conservation and
management practices, more intensive water reuse, vegetative management
for increased water yields, and treatment of brackish water. Water sal-
vage programs and vegetative management programs for increased water yield
are expected to add about 500,000 acre-feet annually to the local water
supply by 2020, Further studies are needed to evaluate the potential of
untapped ground-water reserves in remote basins which could provide an
interim water supply.

viii
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Implementation of the long-range program requires early initiation
of planning for importing water to the Region. Studies should be included
for evaluating the relative merits of all potential means of importation.
Implementation of a water import program should be accomplished by year
1990 to provide about 2.25 million acre-feet. This should be increased
to 4.15 million acre-feet by year 2020, The initial stage of the impor-
tation program would include the national commitment i/ to relieve the
Colorado River Basin States of the Mexican Treaty burden, estimated to
be 1.8 million acre-feet annually including associated losses.

Table A-1 provides a summary of the present and projected water
requirements and supplies.

Water Quality

Maintenance of an acceptable level of water quality is vital to the
economy, environment, and general well-being of the people of the Region.
Presently deficient water supplies and the probable cost of future
imported water dictate maximum water utilization, including recycling,
with little or no allowance for transporting salts or waste loads from
the Region. The water quality program includes waste treatment facil-
ities for urban centers, treatment of water from saline sources, and
major water reuse facilities. Augmentation of the Colorado River with
high quality imported water would also provide major improvement in the
quality of this principal water source. Continuing studies of the
Region's increasingly complex water quality problems are recommended.

Land Resources and Use

The land resource base of the Region appears to be sufficient in
variety and amount to satisfy the projected land use requirements
through the year 2020. There will be need to be widespread adoption
of the multiple-use principle in order to satisfy the requirements of
all uses.

1/ 90th Congress, Public Law 90-537, An Act to Authorize . . . the
Colorado River Basin Project . . . , September 1968.
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The following tabulation shows the major land use requirements for
the period of study:

Requirements - 1,000 Acres

Use 1965 1300 2000 2020

Cropland 1,816 1,891 1,905 1,852

Irrigated (1,785) (2,863) «(1,882) (1,833)

Nonirrigated (31) (28) (23) (19)
Livestock Grazing 76,054 73,739 69,902 65,807
Timber Production 5,458 5,358 S 5,0lk4
Urban and Industrial 513 863 1,230 1,56k
Outdoor Recreation (designated) 1/ 5,542 5,888 6,012 6,146
Wilderness Areas B 861 1,458 3,158 3,458
Fish and Wildlife (designated) 1/ 3,223 3,546 T:I75 15,020
Military = 4,126 4,126 4,126 4,126
Transportation and Utilities 660 858 1,030 1,145
Water Yield Improvement 114 289 82k 1,229
Flood Control S 229 289 336
Mineral Production 76 115 156 223

l/ Designated: ILands which are administered primarily for the purpose
but not precluding other activities which are compatible.

Land Treatment and Management

Irreversible losses of the Region's land resources must be minimized
to preserve a freedom of choice for future resource users. Esthetic and
environmental factors were of primary consideration in development of the
program. Ideally, the land treatment and management program should har-
monize with all water and related land resource development programs
required to satisfy present and projected demands within the Region. On
an equivalent acreage basis, as of 1965, a total of nearly 7 million acres
of cropland, forest land, rangeland, and urban and other lands had received
adequate treatment. The program includes treatment of an additional 6k
million acres by 2020. In most cases, the same acre will require treat-
ment more than once during the study period because of development of
improved methods, or the limited life of the measure or practice installed.

Flood Control

The Region is subject to severe and sudden floods, with some flood
damage occurring every year. Almost all land suitable for general devel-
opment is subject to some degree of flood damage, either from a defined
stream or overland flow. The average annual flood damages were estimated
at 341 million for 1965 economic and project conditions., With no addi-
tional flood control measures after 1965, annual flood damages of $310
million are estimated by the year 2020, Implementation of the flood
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control program of structural and nonstructural measures would prevent
a large portion of the damages, so that remaining damages of only $68
miilion annually are estimated by the year 2020. For these remaining
damages, there appear to be no feasible solutions.

Irrigation and Drainage

irrigated land is expected to increase from the 1965 level of
1,315,000 l/ to 1,613,000 acres. Urbanization is expected to remove
204,000 acres from production. The total new irrigation development
would be 502,000 acres. The program includes completion of the reha-
bilitation of existing water conveyance systems for h29,000 acres of
presently irrigated lands and new distribution systems to serve
1,075,000 acres, a portion of which is presently irrigated exclu-
sively from ground water. Onfarm water management measures such as
land leveling and water control structures are recommended for about
2.2 million acres during the study period. The 2.2 million acres
include retreatment of some land because of the expected improved
technology and limited life of the structures and measures., These
measures would provide better control and more efficient use of irri-
gation water and/or would reduce costs of irrigation. New drainage
facilities are included to serve 188,000 acres.

Municipal and Industrial Water

The rapidly increasing population will require that water for
municipal and industrial uses be increased from a 1965 level of
450,000 acre-feet to 2.8 million acre-feet in year 2020. Presently
authorized projects will supply 446,000 acre-feet of additional water
by 2000. Major urban centers would satisfy their additional wmter
requirements through the importation program and through treatment
and recycling of waste water. OSmaller communities would fulfill their
increasing needs by a variety of means, including additional surface-
and ground-water development, desalting of brackish ground water, and
by importation.

Mineral Resources

Adeguate mineral resources are available to meet the expected
increased production, $511 million in 1965 to $1.93 billion in year
2020 (1958 dollars). Water withdrawal requirements would increase
from 105,100 to 357,200 acre-feet in this period, while land require-
ments would increase from 76,000 acres to 223,000 acres. Hnviron=-
mental impacts of the mining and processing of ores will need to be

l/ Includes only those acres actually irrigated in 1965 plus the
acreage double cropped.
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minimized, especially with respect to air and water pollution, ecology,
and esthetics. Water requirements of the mineral industry may be met
by direct diversion of imported water, by upstream developments on the
basis that downstream rights would be met by exchange for imported
water, or by continued ground-water development where available.

Recreation

Recreation needs of the Region, above available supply, are projected
to increase from 14k million recreation days in 1965 to 672 million rec-
reation days in 2020. Under existing legal, institutional, financial,
and physical constraints, only about 42 percent of these needs can be met.
To satisfy the remaining 58 percent of the needs will require elimina-
tion or modification of these constraints and a greater degree of Federal
participation.

Water-based recreation needs will climb to 193 million recreation
days annually by 2020. Maximum water augmentation, development, and use
under the framework plan will supply a part of the water-based recreation
needs.

land acquisition in the amount of 60,000 acres will be required to
satisfy the non-Federal recreation needs.

Fish and Wildlife

The annual demand for fishing would increase from a 1965 level of
4.0 million man-days to 26.0 million man-days in year 2020. Multi-
purpose developments authorized to be constructed by 1980, including
the Alamo, Dixie, and Central Arizona Projects, have the potential to
provide 1.2 million man-days of fishing annually. Numerous smaller
fishing reservoirs are planned for construction by state and Federal
agencies and by Indian Tribes to provide 2.0 million man-days of fish-
ing annually by 1980. After 1980, proposed water developments, pri-
marily multipurpose, are expected to provide an additional 1.02 million
man-days annually by 2020. To satisfy fishing demands not met by the
above developments, the fish and wildlife program provides for addi=-
tional fishery developments in 1980, 2000, and 2020 that would provide
a total of 16.0 million man-days of fishing annually by year 2020.

The demand for hunting is expected to increase from a 1965 level
of 1.3 million man-days to 5.1 million man-days annually in 2020. A
primary concern in satisfying the demands for wildlife resources is
the preservation and improvement of existing habitat. 1In the Lower
Colorado Region, most of the valuable wildlife habitat is on lands
administered by public agencies, thus providing significant opportun-
ities for further wildlife development. Satisfying a part of the
demand for fish and wildlife resources and achieving optimum multiple-
use of public lands are dependent upon improving the existing habitat
and accelerating development to increase fish and wildlife production.

xis




Satisfying future demands for fish and wildlife resources will
also require that 11.8 million acres of selected areas consisting
mostly of public lands be managed to yield maximum fish and wildlife
values. The areas would be managed with emphasis directed to the
production of fish and wildlife, with appropriate consideration of
compatible or complementary uses. The construction of access facil-
ities and numerous wildlife watering facilities is included in the
fish and wildlife program.

Electric Power

Electric power requirements are expected to increase by forty-
fold between 1965 and 2020. These requirements will need to be met
partially by construction of power facilities within the Region and
partially by imports from other areas. The regional water require-
ment for power production would increase from 9,600 acre-feet in
1965 to 434,700 acre-feet by year 2020. The increased water use
would be supplied largely by imported water supplies.

Fnvironmental Considerations

The comprehensive nature and interrelationship of environmental
problems have recently become widely recognized. The Region's rapid
population growth rate, its concentration in only a few locations,
the fragile nature of the desert environment, and the extremely
limited water supplies require that particular attention be given to
the environmental impacts which may occur as the result of develop-
ment necessary to insure the well-being of the people of the Region.
Such considerations have been of paramount concern to planners in
nearly every phase of the framework studies. Main items of concern
include: preservation of cultural, scenic, and natural values;
protection and management of land resources; safeguarding the quality
of water supplies; maintenance of the agricultural environment;
enhancement of fisheries; and the preservation of wildlife habitat.

Recommendations

It is recommended that the comprehensive framework program for
the lower Colorado Region, as outlined in the report, be adopted as
a guide in continuing the planning processes and in formulating
specific projects to satisfy water, related land, and environmental
development needs.

Summary of Projected Demands and Framework Program

Table A-2 summarizes the Region's gross demands for water-related
functions and services, Table A-3 summarizes the regional framework
program for the development of water and related land resources needed
to satisfy projected requirements, and Table A-4 shows the needs unmet
by the framework program.

xiii
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Table A-1
Summary of Water Requirements and Supply

1965-2020
Total Annual Demand
1965 1980 2000 2020
Water Requirements
Withdrawals (1,000 Acre-Feet)
Reservoir Evaporation 1/ 230 286 328 359
Municipal and Industrial 450 863 1,703 2,778
Irrigation 9,138 9,429 8,496 8,405
Recreation 11 21 41 70
Fish and Wildlife 196 214 325 556
Electric Power Cooling 10 37 106 L35
Mining 105 176 264 357
Total 10,150 11,026 11,263 12,960
Depletions (1,000 Acre-Feet)
Reservoir Evaporation 1/ 230 286 328 359
Municipal and Industrial 198 358 677 1,149
Irrigation 4,626 5,326 5300 5,361
Recreation L T 14 2L
Fish and Wildlife 110 142 232 Los
Electric Power Cooling 10 37 107 435
Mining 52 89 135 185
Losses Associated with
Recycling and Reuse 600 640 460 580
Total 5,829 6,885 7,265 8,518
Water Supply Without Augmentation
(Unit: Million Acre-reet)
Colorado River Water Available for
Use in Lower Colorado Region 2.63 2.25 1.33 0.90
Local Water Supply 3.12 3,12 3.12 3,12
Total Supply Available for Use
in the Lower Colorado Region 2/ 5.75 5.37 L.L5 4,02
Lower Colorado Region Depletion
Requirements 5.83 6.88 7.26 8.52
Regional Water Deficiency 3/ 0.08 1.51 2.81 4.50
xiv
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Table A-1 (Continued)
Summary of Water Requirements and Supply

Total Annual Demand

1965 1980 2000 2020

Water Supply with Augmentation

(Unit: Million Acre-reet)
Colorado River Available for Use
in Lower Colorado Region 2.63 2.25 1.33 0.90
National Obligation to
Mexican Water Treaty 4/ -- -- 1.80 3/ 1.80 3/
Local Water Supply 3.12 3.12 3.12 3.12
Total Supply Available for Use
in Lower Colorado Region 2/ el 537 6.25 5.82
Lower Colorado Region Depletion
Requirements 5.83 6.88 .26 8.52
Regional Water Deficiency 3/ 0.08 L. 51, 1.01 2.70
Regional Augmentation 5/ 0.03 0.57 2.53
Remaining Deficiency 6/ 0.08 1.48 0.uu 0.17

Y

2/
k]

L ]

Excludes mainstream Colorado River reservoir evaporation accounted
for in the determination of availability of Colorado River water.

Excluding ground-water overdraft.

Lack of facilities prevented utilization of the Region's full share

of Colorado River water resulting in a ground-water overdraft of about
2.5 million acre-feet. In the future to limit the water supply defi-
ciency to that tabulated would require: distribution of the available
supply to areas of shortage, total utilization of the resource
including recycling,and that no allowance be made for transporting
salts from the Region.

Consists of 1.5 million acre-feet per annum for delivery to Mexico
plus an estimated 0.3 million acre-feet associated losses. In
accordance with Public Law 90-537, Section 202, "The Congress declares
that the satisfaction of the requirements of the Mexican Water Treaty
from the Colorado River constitutes a national obligation which shall
be the first obligation of any water augmentation project planned
pursuant to Section 201 of this Act and authorized by Congress."

As recommended in the Lower Colorado Region framework program.

To be supplied by ground-water overdraft.
xv
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Table A-2
Gross Needs for Water Related Functions and Services

1965 Total Annual Need
Base 1980 2000 2020
Flood Damage Prevention )
($ Million) L1 73 152 310
Wildfire Damage Prevention
($ Million) 6 8 13 20
Erosion Damage Prevention
($ Million) 7 11 17 2y
Outdoor Recreation
(Million Recreation-Days) 138 268 540 918
Sport Fishing
(Million Man-Days) 4 10 15 26
Hunting )
(Million Man-Days) 1.3 2.1 5 5 5.1
Irrigation
(1,000 Acres) ; 1,315 1,488 1,579 1,613
Drainage
(1,000 Acres) 212 280 312 Loo
xvi




Table A-3

Pramsvork Progres for Development Of Weter and Related land Resources

Lower Colorsdo Region

(Increments in Bach Time Prame)

M; b i & ool ) B el
13 Foat Fom®
(M11110n (Million (Mil11on
e Unite t1t, Dollars tity Dollars 1t Tollars )
YATEP RPSOURCE PROGRAM (stresmflov camtrol end inplace use)
1 Reservolir storage far vithdérewel and inplace use million acre-feet .n . 1.2 132 0.28 3
2 Mood Control 359 137 2.2
(a) Reservoir and detention st million scre-feet 3.5 228 0 (98) 0.65 (187)
(b) levees and channel improvement miles 859 uo 31 (205) 248 (5€)
(=) Womstructure) messures - Qas ae (24) = (%)
(4) land Trestment thousend acrve 188 (6 26 (10) 265 )
3 Augmentation of Regional Weter Supply million acre-feet per year 07 L2285 3,373
(a) TImports to the Region million acre-feet per year - - 2.2% 3,600) 1.« (3,000)
() vater slavage million acre-feet per year 0.3 (&2) - - -
(e) Precipitation sanagement million acre-feet per year - .- - = e
(a; Water yleld {mprovement million acre-feet per year 0.03 (16 0.09 (33) G 0F 135)
(e) Intreregional transfers million acre feet per year 1.67 (129 .00 (5%) 1P iy3py
. Water Quality, Pollution Control, and Mealth Pactors million gallins per day 126 108 24
(a) Waste wvater treatment million gmllons per day 210 (91 Lo (102) 53C 165)
(b) Quality and pollutian cemtrol million gallons per day 268 3 0 (6) 510 (?)
(c) Dreinage vater trestment million gallons per day e i - - 150 (160)
5 Single-purpose MBT Yater upply Development million acre- feet per year 0.41 109 0.583 27 1.07 140
L Rydroelectric Power (pumped storage) million kilovatte per year 0.8 7% 3.7 14 71 2
TOTALE, WATER RESQURCE PROGRAM COSTS 1,503 5,458 5,062
RELATED PROGRAMS
1 Land Treatment and Management thousand acres 18,425 156 27,006 305 16,745 159
&) Por vater yleld improvemsnt (see item A.}.(d)above) thousand acres (?&0; (== (W; (~-§ (450) =)
{t) Por erceion, sediment, and rumoff camtrol thousand acres (18,175 (156 (26,426 (305 (16,295) (159)
Irrigation and Dreinage thousand acres F an 162
() Land preparation, onfurm facilities thousand acres T3 (%6 Aol (18) ™ (16
(2) Wew dfetritution systems thousand acres T (108 9% (18 132 (9
() Mehabilitation of existing dietribution systems thousand ecres 29 T0 -- - . -
(4) Dreinage developments thousand scres 68 16 » (1s) L (Ls)
3 Outdoor Recrestion (veter-tased developments) million recreation days © 2 2% 107 9 w
. Fish and Wildlife thousand man-days ., 002 51 1,014 nk 11, 7% 208
¥il4 and Scenic Rivers 1 uiles 1,080 - - - . -
TOTALS, RELATED PROGRAN COSTS s 803 567
OTHER ASSOCIATED
1 land Trestment and Management thousand acres 1,009 (3} 9,410 " £,80 o8
Outdoor Recrestion (additiomal development and land
acquisition) million recrestion days 51 19 93 3% 106 s
1. Pish and V1lAlife thousand scres m 1 3,629 1 7,845 1
. Preservation of Oultural and Soemic Values 1’
¥ilderness Areas thousand scrve 2,162 - 1,100 - 300 -
Other Klectric Power million kilowatte ™ $,000 16,000
(a) Thermal powver million kilowetts 1.9 &m 2.8 (2,600 77.8 (10,000)
() Trensmission factlities - 510 - (2,400 -- (6,000)
TOTALL, OTWER ASSOCIATED PROGRAM COSTS 9T S, 038 16,424
Areas requiring further study to define reg scope of
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Table A-UL
Remaining Needs Unsatisfied by Framework Program L/

Annually at End of Time Frame

1980 2000 2020

Water Supply

(Million Acre-Feet) 1.48 0.4y 0.17
Flood Damage Prevention

($ Million) 41 50 68
Recreation

(Million Recreation-Days) 93 101 192
Wildfire Damage Prevention

($ Million) T.4 9.7 12.0
Erosion Damage Prevention

($ Million) 8.2 7.0 6.3

l/ Not included for lack of practicable solutions and legal and
institutional constraints.
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CHAPTER A - INTRODUCTION

AUTHORIZATION, PURPOSE AND SCOPE

The Lower Colorado Region is one of the major river basins in the
United States included in a nationwide program to provide comprehensive
river basin plans for the development, use, and management of water and
related land resources. This program stemmed from recommendations of
the Senate Select Committee on National Water Resources, and planning
concepts are embodied in Senate Document No. 97, 87th Congress, Second
Session. The overall program was presented by the President in the
Fiscal Year 1963 budget. The ILower Colorado Region study was approved
by Congress, and funds were provided to start this activity in Fiscal
Year 1967.

The States of Arizona, California, Nevada, New Mexico, and Utah
participated with the various Federal agencies in this investigation.

The basic objective in the formulation of framework plans is to
provide a broad guide to the best use, or combination of uses, of water
and related land resources in each region to meet foreseeable short-
and long-term needs. In studies to achieve this basic objective, con-
sideration was given to: (a) the timely development and management of
these resources as essential aids to the economic development and growth
of a region; (b) the preservation of resources, in appropriate instances,
to insure that they will be available for their best use as needed; and
(c) the well-being of all of the pecple as the overriding determinant in
such planning.

The studies made for this report are preliminary, or reconnaissance,
in scope. All geographic areas within the region and all purposes served
by the conservation, development, and use of water and related land
resources were considered. Available data pertinent to the study that
have been collected, developed, and cataloged over the years by local,
State, and Federal agencies were utilized. The studies considered only
intraregional water and related land resources use except for those
interregional water uses established by prior compacts and agreements.

This study deals with the water and related land resources of the
Lower Colorado Region involving all significant problems and beneficial
uses associated with these resources. Consideration is given to various
aspects of problems related to supplies of water for municipal and indus-
trial purposes, water quality control, Mexican Treaty obligation, alloca-
tions under the "lLaw of the River," flood control, irrigation, electric
power production, mining and mineral processing, land resources and uses,
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watershed management, outdoor recreation, fish and wildlife habitat, the
environment and the well-being of the people of the Region. Environmental
aspects such as natural beauty, cultural and historic values, rare species
of flora and fauna, wildlife in general, and quality goals are considered
to be integral parts of the fabric of an optimum framework program.

Investigations in the Lower Colorado Region cover most of the State
of Arizona and parts of Utah, Nevada, and New Mexico.

The study period was established to run from 1965 (base year) to the
year 2020. 1In order to identify and stage early, intermediate, and late
action programs, the study period was divided into three time frames:
1966 to 1980, 1981 to 2000, and 2001 to 2020.

STUDY GUIDELINES

General guidelines for framework studies were prepared by the Water
Resources Council and Pacific Southwest Inter-Agency Committee. The fol-
lowing guidelines were formulated in the early stages of the study and
were prevailing considerations during the course of the study:

(a) Projections of regional growth and development are generally
constrained in accordance with the national projections
developed by the Departments of Agriculture ani Commerce
(OBE~ERS) and supplied to the Region by the Water Resources
Council.

(b) For the duration of the study period, there will be no catas-
trophic wars, no national political upheaval, no major economic
depressions, nor any other changes that would upset the pro-
Jjected socio-economic trends.

(c) Water presently being beneficially used will not be diverted to
supplement growing urban or industrial demands, except where
urban or industrial growth occupies land on which water is bene-
ficially used for another purpose.

(d) Cconsiderations for transbasin diversions of fresh water supplies
from sources outside the Pacific Southwest area are precluded.

(e) Intrabasin transfers of water can be considered for redistri-
bution of available water supplies.

(f) The distribution of water between regions will be made in accord-
ance with existing compacts and legal agreements.
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(g) Maintenance of environmental quality will be given high
priority in planning for the future.

(h) Only general consideration will be given to cost-repayment
capacity relationships for selection of a plan of water and
land development. The plan will be based essentially upon
the reasoned judgment of competent planners.

(1) Importation of desalted sea water to the Region can be con-
sidered a potential source of supply.

(i) In the Lower Colorado Region, Section 605 of Public Law 90-537
(Colorado River Basin Project Act) states that "Part 1 of the
rederal Power Act (41 Stat. 1063; 16 USC 791a-823) shall not
be applicable to the reaches of the main stream of the Colorado
River between Hoover Dam and Glen Canyon Dam until and unless
otherwise provided by Congress." Public Law 90-537 also pro-
hibits construction of hydroelectric plants as part of the
Colorado River Basin Project.

COOPERATING AGENCIES

To adequately cover all technical aspects of this comprehensive
study and to enlist the viewpoints of Federal, state, and local inter-
ests, many agencies, institutions, and organizations contributed to the
studies. Federal, state, and local agencies and organizations exchanged
information and coordinated their work directly among themselves. Peri-
odic joint meetings of the cooperating agencies were conducted at field
level to review findings and to exchange data and views.

METHOD OF APPROACH

For the purpose of this study, the Lower Colorado Region was divided
into three hydrologically delineated subregions and to accommodate the
socio-economic statistical analyses, the Region and subregions were
extended to the closest fitting political boundaries. The latter delinea-
tions were designated the "economic region" and the "economic subregions"
and all population and economic data are presented on that basis, unless
otherwise noted. All projections of water related socio-economic factors
were adjusted to represent the designated hydrologic areas. Investigations
were first conducted by subregions. These subregional studies were then
coordinated, interrelated, and combined to determine the overall program
for the lLower Colorado Region.




B g W+ =

The study program consisted of three basic elements:

(a) Evaluation of present and projected needs for goods and services
which place a demand on water and related land resources;

(b) Evaluation of resources and facilities, including those in
authorized and potential projects, which will be available to
serve the demands; and

(c¢) Formulation of a general Lower Colorado Region framework develop~-
ment program to serve immediate and future needs.

COORDINATION AND ADMINISTRATION

To fully utilize the capabilities of Federal and state agencies with
expertise in all fields of planning, separate work groups were established
to prepare each of the functional appendixes required to support this report.
Generally, the chairmanship of each work group was vested in the agency
having the most appropriate background related to the function. The 16
appendixes developed are listed on the inside front cover of this report.

The lLower Colorado Region Staff, under the chairmanship of the
Department of the Interior, reviewed the progress of the work groups,
resolved coordination problems, ascertained that established policies and
study guidelines were followed, and made recommendations on study proce-
dures and policies.

The lower Colorado Region State-Federal Interagency Group (LCRSFIG),
with members representing the interests of the states and Federal agencies,
was responsible for the overall coordination of the study. The group also
performed an inline function between the Lower Colorado Region Staff and
the Pacific Southwest Inter-Agency Committee--Coordinated Planning
Subcommittee.

This, the Main Report, summarizes and integrates the findings of the
work groups and presents the framework proposals for development of the
Lower Colorado Region. The data, facts, projections, and topic matter
discussed herein are substantiated in Appendix XVIII, General Program and
Alternatives, and in greater detail in the various functional appendixes.
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CHAPTER B - DESCRIPTION OF THE REGION

GENERAL

The Lower Colorado Region, with a total area of 141,137 square
miles, embraces 106,982 square miles of Arizona, 13,355 square miles of
New Mexico, 17,310 square miles of Nevada, and 3,490 square miles of
Utah. Excluding a portion in southern California, the Region is hydro-
logically defined by the drainage area of the Colorado River in the
United States below lee Ferry, near Glen Canyon Dam. In addition, it
includes several closed basins in Arizona, New Mexico, and Nevada, and
some areas in Arizona and New Mexico that drain into Mexico. Areawise,
the Region represents about 4.8 percent of the contiguous United States
and about 7.1 percent of the area west of the Mississippi River.

Three major drainage areas divide the Region into subregions:
Subregion 1, lLower Main Stem, 56,554 square miles; Subregion 2, Little
Colorado, 26,977 square miles; and Subregion 3, Gila, 57,606 square
miles.

The Region was among the earliest to be explored by Ruropeans,
vet, until around 1900, settlement was slow and did not really gather
momentum until the modern technologies for pumping ground water and
regulating streamflows were perfected and put to use.

Dominant influences on the socio-economic growth of the Region
have been the availability of land suitable for many uses, the rich
mineral resource, and the very attractive mixture of scenery and cli-
mate; the primary limiting influence has been the inadequate and poorly

j distributed water supply.

Early enterprise was principally centered around mining such metals
as copper, gold, and silver. Then, with improved water production and
management, irrigated agriculture came into equal prominence. More
recently, light industries have grown into major economic importance
and presently contribute nearly twice the combined dollar value of the
mining and agriculture sectors.

Parts of the Region have become meccas for retirement, recreation,
and entertainment which have boosted the regional noncommodity dollar
output to more than the combined amount from all other regional economic
sectors.
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LAND FORMS AND GEOLOGY

The Lower Colorado Region is composed of a complex of plateaus,
mountains, canyons, deserts, and plains, with elevations ranging from
75 feet above sea level near Yuma, Arizona, to over 12,600 feet above
sea level at Humphreys Peak near Flagstaff, Arizona. The topography
takes in virtually every form and degree from level plains to precipi=-
tous mountains and canyons between these elevation extremes.

Similarly, the geology of the Region includes a broad spectrum of
sedimentary, metamorphic and igneous rocks which produce a wide variety
of soils locally and along stream courses. In short, the principal
physical characteristics of the Region are its great variety of land
forms, topography, and geology.

STREAM DEVELOPMENT

Many of the streams tributary to the Colorado River head in narrow
canyons and run through deeply cut gorges. The Colorado River became a
through-flowing stream in the late Cenozoic time. Downcutting by the
river and its tributaries resulted in deep entrenchment of the entire
system creating spectacular canyons, most notable of which is the
Grand Canyon of the Colorado. All runoff from the high plateaus and
mountains in the lower Colorado Region is tributary to the Colorado,
Little Colorado, and Virgin Rivers. The Colorado and Virgin Rivers are
perennial; all other streams are intermittent at their confluence with
the Colorado River except for short reaches downstream from springs
such as Blue Spring and those in Havasu Canyon and near St. Johns,
Arizona.

As measured in terms of fish habitat, there are approximately
2,500 miles of perennial streams in the Region, but much of the tribu-
tary runoff never reaches the Coclorado River.

GROUND-WATER BASINS

The storage and movement of ground water in sedimentary rocks are
controlled by regional structure of the basins and upwarps. Storage
and movement in alluvial basins are frequently controlled by valley
plugs created by lava flows, tectonic movement, and nearly impervious
alluvial deposits. The main areas of recharge are on the highlands, on
the upwarps, and along the structural divides. Movement of ground
water is downdip from the highlands toward the perennial streams.
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IMPOUNDMENTS

The Colorado River is almost completely controlled by the Upper

rado River Basin Storage and Take Mead, having combine
storage capacity of about 60 acre-feet, lower

rado Region, aggregate usable capacity of 15 significant impound-
ments on the Colorado River and tributaries is 28.6 million acre-feet
and 3.2 million acre-feet, respectively.

'LIMATE

The Lower Colorado Region's climate varies widely because of a
large difference in elevation, a considerable range in latitude, and
the distribution of mountain ranges and highlands. See Figure 1 for
climatic data.

Generally, the climate of the more denselv populated areas of the
Region, such as Las Vegas, Nevada, and Phoenix, Tucson, and Yuma, Arizona,
is characterized by mild to warm annual temperatures, low to moderate
humidity, and low annual precipitation. Summer temperatures often reach
100 degrees and above. Rainfall is predominantly in the form of thunder-

showers which are sometimes very intense and produce flash flooding locally

Except in the mountains, snow is rare and short-lived. Annuel frost-free
days in the lower desert range from over 270 days to yearlong. Yuma,
Arizona, has experienced several years in succession without a killing
frost. These climatic factors are very favorable to the irrigated agri-
culture concentrated in the lower elevations.

In contrast, such cities as St. George, Utah; Winslow and Holbrook,
Arizona; and Gallup, New Mexico, have more of a four-season climate with
shorter frost-free periods and colder winter months. Flagstaff, Arizona,
and other cities in mountainous, rimrock, and plateau locations have sub-
stantially shorter frost-free periods, mild summers, cold winters, and
considerably more rain and snow. Most of the recharge to ground water
and the surface runoff in the Region results from precipitation in the
high mountainous areas. Up to 30 inches of precipitation a year are
recorded, much of which is in the form of snow.

SOCIO=-ECONOMIC ENVIRONMENT

In 1965, the lower Colorado Region had a population of nearly 1.9
million people and was increasing at the rate of about 4 to S percent
per year. Nevada and Arizona were No. 1 and No. 3 in national standing
for rates of increase.
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New employment opportunities for the expanding population were
principally in the manufacturing, trades, and services-type industries.

c

Agricultural and mining employment in 1965 was in a stable to slightly

leclining trend.

Personal income per capita for the Region was near

the national average. About two-thirds of the regional population resid
in the metropolitan areas of Phoenix and Tucson, Arizona, and las Vegas,
Nevada. Urban population accounted for 80 percent of the total in 1965.

n 1965, the

ing a vigorous, healthy upswinging

Region was experienc

trend of development in the manufacturing, wholesaling, construction, an
the trades and services industries. Only the Little Colorado Subregion,

striking scenery,
from all parts of
two-thirds of the

which is still primarily a rural area, lagged behind this trend. The
ombination of climate, employment opportunities, the great variety of

o
and recreation opportunities have attracted residents
the United States. Immigration accounted for nearly
population growth of the Region during the 1960's.
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CHAPTER C - REGIONAL ECONOMY

PATTERN OF ECONOMIC DEVELOPMENT

The population and economic data presented in this chapter are on
the basis of the economic region as defined previously. Projections of
regional growth and development are based on "OBE-ERS Projections,"
developed by the Department of Commerce (Office of Business Economics)
snd the Department of Agriculture (Fconomic Research Service), and modi-
fied by the States of the Region to reflect local conditions and trends,
"Modified OBE-ERS Projections."

Historically, economic activity in the Lower Colorado Region has been
largely oriented around production of agricultural commodities with mining
of minerals and metals intermittently influencing peaks or depressions in
the activity curve. Historians and archeologists estimate that prior to
the birth of Christ, the Gila and Salt River Valleys in central Arizona had
a thriving Indian population oriented around agriculture that may have irri-
gated in excess of 100,000 acres. Exactly how many people were here is
conjectural, but certainly several tens of thousands must have lived and
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worked in this economy. However, by the time Spanish explorers entered
the Region in the middle 16th Century, this prior civilization was gone
and only small settlements of Indians remained, but the economic base
was still agriculture.

Steady progressive growth of the Region's economic activity did not
start until the middle of the 19th Century when the pioneers crossed the
continent by land to capitalize on the gold rush in California. Even
with this occurrence, settlement was along the travel routes and active
growth was slow. Near the end of the 19th Century, the discovery of
gold, silver, and other metals in the Region created a boom in the mining
industry and it became the dominant support for the regional economy.

During World War 1I, a more diversified and expanding economy began
to evolve, Hoover Dam's power plant provided a source of plentiful elec-
tricity for industry. The yearlong climate was favorable to military
training activities and the advent of air conditioning tempered the harsh-
ness of the hot summer months. lLas Vegas, Nevada, with its flamboyant
entertainment industry; Lake Mead, Lake Havasu, and Lake Mohave on the
Colorado River; and the lakes formed behind the dams on the Salt, Verde,
and Gila Rivers in central Arizona invited recreationists, hunters, and
fishermen, The affluent economy that developed during the war started
a tourist influx to the arid Southwest to escape the cold winter months
occurring elsewhere. Light industry followed to capture a labor pool and
to utilize the yearlong working environment.

By 1965, the total gross output from manufacturing was nearly twice
that of mining and agriculture combined, and the noncommodity producing
activities were almost four times as great as these two historic
activities.

Population and Its Distribution

From a population standpoint, the Region is a part of the fastest
growing area in the United States, In the 15-year period from 1950 to
1965, the population more than doubled. About two-thirds of the 1965
population resided in the three metropolitan areas of las Vegas, Nevada;
Phoenix and Tucson, Arizona.

In 1960, population distribution was classified as about 74 percent
urban and 26 percent rural. In the Little Colorado Subregion, which con-
tains no large cities, the ratio of urban to rural is almost exactly
reverse that of the Region, being 72 percent rural and 28 percent urban.

Employment and Income

Of the total 1965 population of 1,877,000 people, some 675,000 were
classified as employed. See Figure 2. The total personal income for the
lower Colorado Region in 1965 was approximately $4.3 billion, or an average
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of about $6,400 per employed worker, related in 1960 dollars, while the
per capita income was about 3$2,300. This is slightly lower than the
national average per capita income. Gross Regional Product--the payments
to local, state, and Federal governments, wage payments, and profit and
other income, including depreciations--amounted to over $6 billion in 1965.

Industries

In 1965, there were about 7,900 farms in the Region excluiing Indian
reservations., The value added to the regional economy by agricultural
production in 1965 was $232 million; about 5 percent of total value added.
Indirectly, agriculture provides a much greater contribution to the econ-
omy since large quantities of industrial goods are used in producing,
processing, and marketing agricultural products. Agriculture also pro-
vided jobs for about 6 percent of the people employed. For all practical
purposes, the crop production is on irrigated land located largely in the
lower desert areas. The Region produces a significant amount of the
Nation's citrus, and during the winter and early spring months, much of
the Nation's vegetables are produced here. See Figure 3 for percentages
of value added by industries.

In 1965, value added from the mining industry totaled some $317
million and the industry employed about 18,000 people. The Lower Colorado
Region produces almost 60 percent of the copper produced in the lnited
States and nearly 41 percent of the uranium ore. Likewise, it produces
nearly 10 percent of the gold, 14 percent of the molybdenum, 16 percent
of the silver, 10 percent of the zinc, and 23 percent of the pumice.

Forestry, in 1965, employed less than 10,000 people and the value
added from forest products was about $12 million. The forests and
timberlands support much of the wildlife, are enjoyed by many thousands
of recreationists, and support about 30 percent of the total livestock
grazing. The forest land occupies nearly a third of the total land area
in the Region.

Other commodity producing industries consist of manufacturing and
the processing of natural resource commodities produced or imported into
the Region. In 1965, value added from these economic activities was
5741 million and employment was about 90,000 people. Industries repre-
sented in this category include food and kindred products; lumber and
wood products; chemicals; printing and publishing; fabricated metals;
primary metals; stone, clay, and glass products; textiles and apparels;
leather and leather goods; and other minor manufacturing plants.

Numerous assembly plants for small electronic-associated products
and such products as radios, refrigerator-, and television sets, are
located in central Arizona, Fabrication and development of many items
used in the NASA program are located in the Region. The large chemical
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manufacturing plants located at Henderson, Nevada, also employ a large
number of workers.

The noncommodity producing industries consist mainly of wholesale
and retail trade, the electric utilities, contract construction, food
and lodging, transportation, rentals, finance, and similar service-type
activities. Value added by these industries in 1965 amounted to about
$2.2 billion; employment was approximately 435,000, GSee Figure 3 for
percentages of gross output by industries.

Economic and Population Pro,jections

The role of irrigated agriculture in the Region's economy is expected
to continue and to grow in the future; however, the contribution will
decrease in importance to the total economy. It is expected that the irri-
gated harvested acreage will increase from 1,226,000 acres in 1965 to
1,584,000 acres in 2020; employment, 39,000 to 43,000; and total value
added, $232 million to $647 million.

Forestry and forest products are expected to follow a trend similar
to irrigated agriculture. FBEmployment will decrease from about 9,000 in
1965 to about 8,000 in 2020, while total value added is expected to
increase from $12 million in 1965 to $18.3 million in 2020.

In the mining industry, employment is projected to remain at about
16,000 to 18,000 people throughout the study period. Total value added
from mining, however, is expected to increase from {217 million to about
$895 million.

Manufacturing activities show rather spectacular growth between 19365
and 2020. Manufacturing employment is projected to increase from about
90,000 people in 1965 to over 478,000 in 2020. Total value added from
this activity is projected to increase from about $741 million in 1965 to
more than $13 billion during the projection period.

The noncommodity producing industries are projected to become much
more dominant in the future. These activities employed about 435,000
people in 1965 and value added was about $2.2 billion. By 2020, it is
projected that some 2,036,000 people will be employed in these industries
~and total value added will be about $36 billion.

The per capita income and the earnings per employed worker reflect
similar characteristics of growth during the study period. Per capita
income, about $2,300 in 1965, is projected to increase to about 512,000
in 2020, and the per employed worker income of $6,400 in 1965 is projected
to be $23,500 by 2020.
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Population growth during the period 1965 to 2020 is expected to
ntinue at a steep upward trend though at a somewhat lower rate than
has occurred since 1940, By 2020, regional population is expected to
reach nearly 6,983,000 people; an overall increase of 5.1 million
between 1965 and 2020.

The following tabulation shows the population distribution for years
1965, 1980, 2000, and 2020 by economic subregions and region:

Estimated and Projected Population
lower Colorado Region

Estimated Projections
Area 1965 1980 2000 2020
------- Thousands========
Region 1,877 2,911 4,797 6,983
lower Main Stem Subregion 345 816 1,520 2,021
Little Colorado Subregion 125 184 2ko 326
Gila Subregion 1,407 1,911 3,037 4,636
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CHAPTER D - PRESENT STATUS OF RESOURCE USE AND DEVELOPMENT

WATER RESOURCES

The Iower Colorado Region probably comes closer to using the last
drop of available water for man's needs than any other area in the
United States. These water supplies are also among the most regulated
and metered in the Nation. Despite the most frugal use, recycling, and
the highly efficient regulation of water, the Region is mining water
each year that cannot be replenished by natural recharge for many
decades. Virtually every sector of the Region's socio-economic struc-
ture is being sustained in some degree by the overdraft of ground water.

Three main sources of water were available in 1965 for use in the
[ower Colorado Region:

(a) Entitlement to 3.1 million acre-feet of Colorado River water
by a body of law referred to as the "Law of the River;"

(b) TILocal runoff amounting to 3.12 million acre-feet originating
within the regional boundaries; and

(c) local ground-water reserves.

The 3.1 million acre-feet entitlement from the Colorado River has
not been fully utilized because of the lack of conveyance facilities to
transport water to the areas of heavy demand. About 8.2 million acre-
feet were withdrawn from surface- and ground-water sources in 1965.
Approximately 5 million acre-feet, about 60 percent, of this was from
ground-water reserves of which an estimated 2.5 million acre-feet were
in excess of the annual replenishment.

The area of greatest use of water for municipal, industrial and
irrigation purposes was the Phoenix-Tucson area of Arizona where most
of the Region's ground-water overdraft occurred. Las Vegas Valley,
Nevada, lacking facilities for diversion of adequate quantities of
Colorado River water, was also pumping from ground-water reserves in

1965.

Mgure 4 compares the amounts and proportionate parts of water
withdrawn in 1965 from ground water and surface water.

About 94 percent of the total regional water withdawal was for irri-
gation, and 6 percent was for municipal, industrial, and all other uses.
Only minor quantities are used for electric energy generation, mineral
production, fish and wildlife, and recreation.

23




FIGURE 4
SOURCES OF WATER-1965
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WATER QUALITY

Regionally, water quality as expressed by total dissolved solids
(TDS) concentrations is generally of lower quality than in many other
parts of the Nation. The Colorado River enters the Region at concen-
trations exceeding 500 mg/l and varies between 600 and 900 mg/l at
major diversion points within the Region. Salinity increases in the
‘olorado River are due principally to inputs from saline springs and
the concentrating effects of consumptive use and surface evaporation
from reservoir and river water surfaces.

In the headwaters of the Gila, TDS concentrations are generally
less than 500 mg/l; and, in the middle reaches, the dissolved salt
content usually ranges from about 500 to 1,000 mg/1l.

Water quality is generally good in most of the headwaters of the
Little Colorado River but at its confluence with the Colorado River,
it contains very high concentrations of dissolved solids from saline
springs located near its mouth. The Colorado River has a hardness (as
calcium carbonate) varying from about 330 mg/l at Lee Ferry, Arizona,
to about 370 mg/l at Imperial Dam. Downstream at Yuma, Arizona, the
hardness increases to 700 mg/l. Although fluoride content ranges from
a trace to about 4 or 5 mg/l, it is normally about 1 mg/l or less in most
water of the Region. Sediment concentrations in surface water of the
Region range from very high to moderate. The areas of greatest sediment
yield are located in northwestern Arizona and southwestern Utah where
sediment concentrations as great as 700,000 parts per million have been
measured and 500,000 ppm observations are not unusual.

Nutrients from manmade sources have caused excessive algal growths
in Las Vegas Bay of Lake Mead, and in isolated cases, bacterial concen-
trations have exceeded desirable levels in streams below smaller com-
munities. Occasional overflows and breaks in mining waste disposal
systems have resulted in fish kills.

The mineral quality of ground water ranges from excellent to unsuit-
able for any purpcse, containing from less than 100 to more than 100,000
mg/1 of dissolved solids. Major sandstone aquifers in the Plateau Uplands
of northern Arizona contain water having consistently more than 10,000
mg/l dissolved solids. The ground water ranges from soft to very hard,
from less than 60 mg/l to more than 180 mg/l of calcium carbonate. The
concentrations of the minor constituents such as iron, magnesium, and
silica vary considerably throughout the Region; but, except for fluoride
and nitrate, the concentrations are not objectionable for most uses.
Boron concentrations of 0.4 mg/l have been observed in the Colorado River
at Imperial Dam.
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LAND RESOURCES AND USE

Lani ownership within the Region in 1965 was unique in that 64 per-
cent was in public ownership and only 36 percent was private. About half
the private land is in Indian trust.

The Region has a wide variation in vegetal cover types and related
~ategories that determine the resources, uses, and developments that
exist or may be projected. The natural vegetation ranges from desert
through the chaparral and mountain brush, pinyon juniper and oak wood-
land, to the yellowpine and spruce-fir forest, to alpine and tundra-
type on top of the highest mountains. The vegetal cover is dependent
upon the climate, elevation, soil, geologic formation, and topography.

In 1965, about 2 percent of the Region was in cropland; 6L percent,

pasture and range; 33 percent, forest and woodland; and less than 1 per-
cent in urban, transportation, utilities, etc.

VEGETAL COVER

Northern
Desert Shrub

Conifer

FOREST LAND

LAND OWNERSHIP &
ADMINISTRATION

Southern
Desert Shrub

i PRIVATE

RANGE LAND Riparian Ind SECTOR
; URBAN, ETC, Ividual
, Grossiand CROPLAND & Corporate
>
Federol T Indian Trust
PUBLIC
SECTOR
See maps "land Ownership and Administration” and "Vegetal Cover"

presented on the following pages.
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Land areas by resource groups are depicted by Figure 5.

The Region's cropland area contained about 1.8 million acres of
which 98 percent was classified as irrigated in 1965. Of the total
cropland area 1.6 million acres were actually available for crop pro-
iuction. The nonirrigated cropland, 31,000 acres in 1965, is located
on lands above 4OOO feet elevation where annual precipitation of 16
inches or more is usual.

The total area used for grazing by domestic livestock in 1965 was
about 76 million acres, which is about 84 percent of the total land
area of the Region.

There are 30 million acres of forest and woodland in the Region,
of which 5.5 million acres are classed as commercial timber producing
lands. In general, the forests occur above LOOO feet in elevation.

The forest lands of the Region contribute an average of about
2.8 million acre-feet of water annually to streamflow and important
but unmeasured quantities of water to underground aquifers. About
31,000 acres of regional lands are included in classified watersheds
to provide high quality domestic water to local municipalities.

Urban and industrial uses occupied about 513,000 acres in the
Region in 1965. 1In 1965, more than 68 million acres were used for
cutdoor recreation, although there were only 5.5 million acres of
designated recreation lands.

Most of the Region provides habitat for game and nongame species
of fish and wildlife. It is estimated that 76 million acres contribute
materially as important habitat for wildlife, and most are open to
fishing and hunting.

Of the total habitat, 3.2 million acres were managed primarily
for wildlife in 1965. Thirty-two million acres, both publicly and
privately owned, are administered under the principle of multiple-use
with fish and wildlife being one of the important resources. The
remaining acreage is important and productive in varying degrees to
many game and nongame species.

Thirteen areas, comprising nearly 1.4 million acres, were designated
for wilderness management in 1965, while 660,000 acres were used for
transportation and utility purposes. A large portion of the 4.1 million
acres used for military purposes is desert or semiarid mountainous ter-
rain, although some of this land was once productive as rangeland or
cropland. The actual acreage used for mineral production in 1965 was
only 75,000 acres.
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FIGURE 5
LAND AREA BY RESOURCE GROUPS-1965
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LAND TREATMENT AND MANAGEMENT

Over the past several years, significant advances have been made in
land treatment and management practices and techniques by land owners and
public land managers. They strive for improvement of water yield,
improvement of water quality, and the reduction of erosion, sedimenta-
tion, and flooding. Such programs also increase livestock and wildlife
forage, improve timber production, and enhance recreation and esthetic
values. Management techniques and practices are expected to improve
and intensify.

Public Lands

About 64 percent of the Region's land is in public ownership. The
national forests, the public domain land, and the state land are all
managed under the principle of multiple-use. The remainder of the public
lands is managed for a primary objective, such as wildlife, parks,
defense, etc.

The public land administering agencies, universities, and public

and semipublic organizations are actively carrying out management
research and field trials throughout the Region. These research

e e




activities provide improved methods for treatment and management of all
water and related land resources, uses, and values.

Privately Owned Lands

The primary objective of management measures on privately owned lands
(36 percent of the Region) is to improve income and to protect and/or
restore the land and water resources of the immediate area.

Soil conservation districts, organized under state law, utilize tech-
nical and financial assistance from various public and gquasi-public
agencies and organizations. They work directly with individual owners
and/or operators and cooperate with agencies administratively responsible
for public lands within the district boundaries.

Progress to 1965

There is no accurate method for determining what portion of the total
area had received adequate land treatment and management by 1965. On an
equivalent acre basis, using present standards, sufficient measures had
been installed to adequately treat about 37 percent of the irrigated crop-
land in the Region. While most public forest and rangelands utilized by
domestic livestock are under some form of improved livestock management,
only 15 percent of these lands benefit from completed management programs.
Less than 10 percent of the commercial timberland in the Region has been
developed and is being managed for the maximum production of timber products.
An estimated 25 percent of the measures and treatment needed for the effici-
ent development and management of urban and other lands have been provided
for based upon the 1965 needs of the people. In nearly all cases, the
measures and practices meeting the standards in 1965 are expected to be
inadequate in the near future because of improved technology and a limited
useful life.

Management programs, developments, and practices that have been
installed on public and private lands as of 1965 include measures for reduc-
ing erosion and sedimentation, and controlling runoff. Also installed are
measures for improved livestock forage and timber production. In 1965, most
land received some degree of wildfire protection. Vegetative and resource
management have been provided on over 2,500 square miles of forest land for
increased water yield and livestock forage.

Watershed Management Problems

More intensive use of the land resources has created a multitude of
watershed management problems including: increased soil erosion, accel-
erated sediment production, reduced productivity, increased flood damage,
and degraded water quality. There is a need to treat high yielding mountain
watershed lands to increase and regulate water yield in order to help fulfill
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MINERAL PRODUCTION

Currently, copper is "queen" of minerals in the Lower Colorado Region,
with uranium ore being the second in dollar value and sand and gravel being
third, The following graph depicts the quantities and values of the major
minerals produced in the Region in 1965 and the percents of total United
States production:

TOP FIVE MINERALS PRODUCED
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LOWER COLORADO REGION

In 1965, about 105,000 acre-feet of water were withdrawn for mineral
production, of which about 51,000 acre-feet were consumed. About 92 per-
cent of the water consumed by the mineral industry was used for production
of copper and its byproducts: gold, silver, and molybdenum.
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FLOOD CONTROL

Flood control and flood damage-prevention consist of structural
measures and nonstructural programs performed by Federal agencies, states,
and local organizations. Structural measures include reservoirs, channel
improvements, levees and dikes, channel stabilization, and sediment control.
Nonstructural programs include flood forecasting and flood plain regulations.

bxy

locd Control Structures

The locations of 25 of the more significant existing flood control
and flood damage-prevention projects are shown on the map following page 38.
Many other smaller projects provide varying degrees of local flood pro-
tection, although they are not shown on the map. Floodwater detention
basins and reservoirs with flood control storage existing in the Region
in 1965 have a total storage capacity of 10.7 million acre-feet. Also
existing in 1965 were 143 miles of levees and 120 miles of channel
improvements.

In addition to the flood control structures described above, land
treatment and management practices under existing programs, while smaller
in scope, have significant offsite effects in reducing erosion and sedi-
mentation, controlling runoff, and prolonging the life of detention and
storage facilities.

Flood Forecasting

Currently, there are 14 river gage locations within the Region for
which forecasts of runoff are made. Flood warning systems have been
developed and affected urban and agricultural areas are alerted of
impending flood situations,

Flood Plain Regulations

Flood plain regulations would limit the types of development and use of
lands in flood plains, thus limiting potential damages in {lood-prone
areas. Guidelines for establishing such regulations have been made avail-
able, but have been adopted by very few communities.

Accomplishment of Existing Flood Control Program

The existing flood control program had prevented an estimated $110. 4
million in flood damages through 1965, based on historic flood data.
Protection has been provided to abcut 238 miles of rivers and streams and
734,000 acres of land. Based on the 1965 economic conditions and the
exic’ ‘ag flood control program, residual damages are estimated to total
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nearly $41 million annually, of which $22 million are agricultural and
$19 million are nonagricultural demages.

IRRIGATION AND DRAINAGE

Irrigation

In base year 1965, there were approximately 1,530,000 acres of land
developed for irrigation in the Lower Colorado Region. About 370,000 of
these developed acres were out of production because of insufficient
water supplies, poor water quality, high pumping costs, and other factors.
Of the remaining 1,190,000 acres irrigated, a portion was plagued by simi-
lar problems. About 125,000 acres were cropped more than once in 1965.
See map follo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>