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LOWER COLORADO REGION

COMPREHENSIVE FRAMEWORK STUDY

APPENDIX XVIII, GENERAL PROGRAM AND ALTERNATIVES

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. 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.,

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 appreciably
from the framework plan as a result of differing assumptions, methodology,
and objectives used in water and land use plans prepared by the State
and/or Federal agencies.

June 1971
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SUMMARY OF FINDINGS

The Lower Colorado Region includes most of Arizona, and parts of
Nevada, New Mexico, and Utah comprising 4.8 percent of the contiguous
United States. The Region is richly endowed with favorable climate,
abundent land, mineral, and other resources and leads the Nation in
population growth rate as well as in several other economic indices.
The population is concentrated principally in central Arizona and the
Las Vegas, Nevada areas. The remainder of the Region is sparsely
settled and much is uninhabited.

Inventories and appraisals of resources and development of the
Lower 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
historical 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 projections, 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. 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 Lower Colorado Region comprehensive framework pro-
gram. A comparison of the Modified OBE-ERS and OBE-ERS projections
is included in the latter part of Appendix IV, Economic Base and
Projections.

Water Supply

Though land is abundant, the Region probably comes closer than
most any other to utilizing the last drop of available water for man's
needs. The Region's economy is sustained by utilizing ground-water
reserves accumulated over thousands of years. In 1965, the depletion
rate of these reserves reached 2.5 million acre-feet annually largely
due to the lack of facilities for enabling the Region to utilize its
unused share of Colorado River water. The ongoing 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 available renewable
water supplies. However, in 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
megnitude 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. Vegetative
management programs for increased water yield and water salvage programs
are expected to add over 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 to provide an interim
water supply.

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 importation program would include the national
commitment 1/ 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 dictates 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 treat-
ment facilities for urban centers, treatment of water from saline sources,
and major water reuse facilities. Augmentation of the Colorado River

1/  90th Congress, Public Law 90-537, An Act to Authorize . . . the
Colorado River Basin Project . . . , September 1968.

= §



with high quality import water would have effects of major significance
on improvement of 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 need to be widespread adoption of
the multiple-use principle in order to satisfy the requirements of all
uses.

The following tabulation shows the major land use requirements
for the period of study:

Requirements - 1,000 Acres

Use 1965 1980 2000 2020
Cropland 1,816 1,891 1,905 1,852

Irrigated (1,785) (1,863) (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 5,153 5,044
Urban and Industrial 513 863 1,230 1,564
Outdoor Recreation (designated) 1/ 5,542 5,888 6,012 6,146
Wilderness Areas 861 1,458 3,158 3,458
Fish & Wildlife (designated) 1/ 3,223 3,546 7,175 15,020
Military 4,126 4,126 4,126 4,126
Transportation and Utilities 660 858 1,030 1,145
Water Yield Improvement 114 289 824 1,229
Flood Control TT 229 289 336
Mineral Production 76 115 156 223

}/ Designated: Lands 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 mini-
mized 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 harmonize 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
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includes treatment of an additional 64 million acres by 2020. In most
cases, the same acre will require treatment 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 develop-
ment is subject to some degree of flood damage, either from a defined
stream or overland flow., The average annual flood damages were estimated
at $41 million for 1965 economic and project conditions. With no addi-
tional flood control measures after 1965, annual flood demages of $310
million are estimated by the year 2020. Implementation of the flood
control program of structural and nonstructural measures would effect
damage prevention so that remaining damages of only $68 million 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 ;/ 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 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
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 are
to provide better control and more efficient use of irrigation water
and/or to 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

l/ Includes only those acres actually irrigated in 1965 plus the
acreage double cropped.
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by 2000. Major urban centers would satisfy their additional water
requirements through the importation program and through treatment

and recycling of waste water for some uses. Smaller communities would
fulfill their increasing needs by a variety of means, including further
surface- and ground-water development, desalting of brackish ground
water, and by importation,

Mineral Resources

Adequate 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 requirements
would increase from 76,000 acres to 223,000 acres. Environmental
impacts of the mining and processing of ores will need to be 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 144 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 elimination
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 many Indian Tribes that are expected to provide 2.0 million
man-days of fishing annually by 1980. After 1980, proposed water




development, primarily multipurpose, are expected to provide an addi-
tional 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 additional 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. In the Lower
Colorado Region, most of the valuable wildlife habitat is on lands
administered by public agencies, thus providing significant opportunities
for further wildlife development. Satisfying a part of the demand for
fish and wildlife resources and achieving optimum multiple-use of
public lands is dependent upon improving the existing habitat and
accelerating development to increase fish and wildlife production.

Also, satisfying future demands for fish and wildlife resources
will 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 and/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 fortyfold
between 1965 and 2020. These requirements would need to be met par-
tially by construction of power facilities within the Region and
partially by imports from other areas. The regional water requirement
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.

Environmental 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 particular attention to the environmental impacts
which may occur as the result of development 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;
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safeguarding the quality of water supplies; maintenance of agri-
cultural areas; enhancement of fisheries; and the preservation of
wildlife habitat.

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-U4 shows the needs unmet

by the framework program.
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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 l/ 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 L1 70
Fish and Wildlife 196 214 325 556
Electric Power Cooling 10 37 106 435
Mining 105 176 264 357
Total 10,140 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 5,312 5,381
Recreation L 7 14 2k
Fish and Wildlife 110 142 232 Los5
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-Feet)
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 4, 45 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
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Table A-1 (Continued)
Summary of Water Requirements and Supply

Total Annual Demand

1965 1930 2000 2020

Water Supply with Augmentation

(Unit: Million Acre-Feet)
Colorado River Available for Use
in Lower Colorado Region 2.63 2.25 1.33 0.90
National Obligation to
Mexican Water Treaty U/ -- -- 1.80 3/ 1.80 3/
Local Water Supply 312 3.12 312 312
Total Supply Available for Use
in Lower Colorado Region 2/ A 5+37 6.25 5.82
Lower Colorado Region Depletion
Requirements 5.83 6.88 7.26 8.52
Regional Water Deficiency 3/ 0.08 1.51 1.01 2.70
Regional Augmentation 5/ 0.03 0.57 2:53
Remaining Deficiency 6/ 0.08 1.48 0.4y 0.17

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

2/  Excluding ground-water overdraft.

g/ 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. 1In 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.

E/ 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.

LN

To be supplied by ground-water overdraft.
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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) 41 73 152 310
Wildfire Damage Prevention
($ Million) 6 8 13 20
Erosion Damage Prevention
($ Million) 7 11 17 2L
Outdoor Recreation
(Million Recreation-Days) 138 268 540 918
Sport Fishing
(Million Man-Days) L 10 15 26
Hunting
(Million Man-Days) 143 2.1 3.5 561
Irrigation
(1,000 Acres) 1,315 1,488 1,579 1,613
Drainage
(1,000 Acres) 212 280 312 400




Table A-3
Framevork Program for Development of Water and Related Land Resources
Lower Colorado Region
(Increments in Each Time Frame)

19812000 2001-2020
Cost Cost Cost
(Million (Million (Million
Units tit; Dollars) Quantity Dollars) Quantity Dollars)
A. WATER RESOURCE PROGRAM (streamflow control and inplace use)
1. Reservoir storage for withdrawal and inplace use million acre-feet 3.1 L6 1.32 132 0.28 3c
2.  Flood Control 359 337 ke
(a) Reservoir and detention storage million acre-feet 3.15 228) 0.60 (98) 0.65 (1k7)
(b) Levees and channel improvement miles 859 10 455 (205) 245 (56)
(c) Nonstructural measures - (15 - (2k) - (3k)
(d) Land Treatment thousand acres 188 (6 280 (10) 265 (1)
3. Augmentation of Regional Woter Supply million acre-feet per year 787 4,225 3,373
(a; Imports to the Region million acre-feet per year - - 2.25 (3,600) 1.90 (3,000)
(b) water slavage million acre-feet per year 0.30 (42) .- - - --
(c¢) Precipitation management million acre-feet per year - - - - ~- -
(d; Water yield improvement million acre-feet per year 0.03 (16 0.09 (33; 0.06 (35)
(e) Intraregional transfers million acre..feet per year 1.67 (729 3.00 (592 1.08 1338)
4. wWater Quality, Pollution Control, and Health Factors million gallons per day 126 108 37
(a) Waste water treatment million gallons per day 270 (91; Lo (1&2; 530 (165)
(b) Quality and pollution control million gallons per day 268 (35 320 (6 510 (2)
(c) Drainage water treatment million gallons per day - - - - 150 (160)
5. Single-purpose MXI Water Supply Development million acre.feet per year 0.41 109 0.83 279 1.07 o
6. Hydroelectric Power (pumped storage) million kilowatts per year 0.8 76 3.7 377 9.1 k2
TOTALS, WATER RESOURCE PROGRAM COSTS 1,503 5,458 5,062
B. RELATED PROGRAMS
1. Lland Treatment and Management thousand acres 18,425 156 21,026 305 16,745 159
(u; For water yield improvement (see item A.3.(d)above) thousand acres (250; -~g (600; (--3 (kSO; (=)
(b) For erosion, sediment, and runoff control thousand acres (18,175 (156 (26,426 (305 (16,295 (159)
2. Irrigation and Droinage thousand acres 248 277 162
(a) Land preperation, onfarm facilities thousand acres 573 (56 801 (18) 79 (76)
(o) New distribution systems thousand acres 37 (108 596 (184) 132 (k1)
(c¢) Rehabilitation of existing distribution systems thousand acres k29 T0 - o - o=
(4) Drainage developments thousand acres 68 b1 32 (15) 88 (L5)
3. Outdoor Recreation (water-based developments) million recreation days ) 0 26 107 9 38
L, Fish and Wildlife thousand man-days 4,022 51 7,014 14 11,794 208
5. Wild and Scenic Rivers 1/ miles 1,080 - -- -- -- -
TOTALS, RELATED PROGRAM COSTS k55 803 567
c. OTHER ASSOCIATED PROGRAMS
1. Land Treatment and Management thousand acres 7,b09 43 9,410 » 6,840 48
2. Outdoor Recreation (additional development and land
acquisition) million recrestion days 51 194 93 338 106 375
3. Fish and Wildlife thousand acres 33 1 3,629 e I 7,845 1
4.  Preservation of Cultural and Scenic Values 1/
Wilderness Areas thousand acres 2,762 - 1,700 - 300 -
5% Other Electric Power million kilowatts T39 5,000 16,000
(ag Thermal power million kilovatts 1.9 § 22.8 (2,600 T7.8 (10,000;
(o) Trensmission facilities - 510 e (2,400 an (6,000
16,42k

TOTALS, OTHER ASSOCIATED PROGRAM COSTS 977 5,438

1/ Areas requiring further study to define required scope of development.




Table A-k
Remaining Needs Unsatisfied by Framework Program 1/

Annually at End of Time Frame

1980 2000 2020

Water Supply

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

($ Million) 41 50 68
Recreation

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

($ Million) 7.4 9.7 12.0
Erosion Damage Prevention

($ Million) 8.2 7.0 6.3

}/ Not included for lack of practicable solutions and legal and
institutional constraints.
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FIGURE B-2
PERCENTAGE OF GROSS OUTPUT
(based on value added)

BY INDUSTRY-1965
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Table B-2
Total Gross Output by Industry and Associated Total Primary
Inputs by Subregion, Lower Colorado Region, 1965

Unit: ¢$ Million

IMS L. Colo, Gila
Subregion Subregion Subregion
Producing Industries
Agriculture 123.3 k4.7 4584
Forestry S« T+3 2.1
Mining 32.1 112.2 458.5
Manufacturing 197.1 72.0 1,759.1
Noncommodity Producing
Industries 1,220.5 138.4 2,977.7
Total of Producing Industries 1,578.2 34k, 7 54655.8
Value Added 1,280.2 24,1 4,524 .4
Imports 8u6. L 225.7 2,257.8

Source: Interindustry Transactions Table.
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PRESENT STATUS

agriculture, has expanded to include a variety of manufacturing indus-
tries. In addition, recreation and tourism provide a major source of
basic income to the economy of the Region.

Industrial output levels by major groups, value added, and imports
in 1965 are given in Table B-2. Percentage of subregional gross output
by industry in 1965 is illustrated by Figure B-2. Total industrial
output of the producing industries in the Lower Main Stem, Little
Colorado, and Gila Subregions amounted to about $1.6 million, $.3 million,
and $5.7 million, respectively. For the Lower Main Stem Subregion, the
primary-secondary industries (defined as agriculture, forestry, mining,
and manufacturing) accounted for about 23 percent of total industrial
output, and the tertiary or noncommodity producing industries accounted
for the balance of about 77 percent. Similar approximate relationships
in the Little Colorado Subregion were primary-secondary industries,

60 percent; and tertiary industries, 40 percent; and for the Gila
Subregion, 47 and 53 percent, respectively.

Of significance in the base year is the importance of the business
sectors in the Lower Main Stem Subregion--reflecting the Las Vegas
complex and, to some extent, outdoor recreation.

The primary industries, i.e., mining, forestry, and agriculture,
play a more vital role in the economy of the Little Colorado Subregion.
The secondary industries, i.e., manufacturing, contribute almost one-
third of the total industrial output in the Gila Subregion. Thus, sub-
stantial differences exist in the degree of regional specialization
within the Lower Colorado Region.

As shown in Table B-2, value added totaled to $1,280.2 million
in the Lower Main Stem Subregion; $224.1 million in the Little Colorado
Subregion; and $4,524.4 million in the Gila Subregion. On a regional
basis, the Gila Subregion accounted for 75 percent of total value added,
while the Lower Main Stem and Little Colorado Subregions account for
about 21 percent and U4 percent, respectively.

The total value of imports for each subregion is also presented in
Table B-2. The Gila Subregion ranks highest, showing $2,257.8 million-
worth of goods and services purchased outside the subregion. The Lower
Main Stem Subregion followed with $846.4 million, and the Little Colorado
Subregion imported goods and services worth $225.7 million.

In order to complete the measurement of regional accounts in terms
of broad categories of the economy, it is necessary to measure the flow
of product in 1965 as opposed to the flow of income and payments. Gross
regional product (GRP) is defined as the sum of four major expenditure
components: (1) personal consumption expenditures, (2) government
purchases of goods and services, (3) gross private investment, and
(4) net export of goods and services. The goods and services included

XVIII-20




FIGURE B-I
EMPLOYMENT BY INDUSTRIES-1965
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Table B-1
Employment by Industries
Lower Colorado Region and United States

Unit: 1,000
1950 1960 1965
Industry Region U.S.A. Region U.S.A. Region U.S.A.

Agriculture and Forestry 41.8 1,175 39.5 L,h70 L4O.1 4,198

Mining 13.1 945 18.2 675 17.9 589
Manufacturing 24.7 14,801 63.1 18,245 90.9 19,959
Trade 60.7 10,740 104.0 12,288 125.9 13,552
Services 64.8 10,256 135.0 14,124 178.2 17,161
Transportation 15.6 2,997 18.3 2,860 21.5 2,872
Contract Construction 24.3 3,509 48.0 3,968 56.6 4,493
Rentals and Finance 8.0 1,948 24.6 2,821 32.1 3,167
Utilities 9.9 1,516 17.2 1,791 20.4 1,841
Government 25.6 3,588 53.8 5,133 92.1 5,818
Total 288.5 ST,475 s21.7 66,375 675.T 73,650
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CHAPTER B - PRESENT STATUS OF DEVELOPMENT

ECONOMY

Characteristics of the Population

The Lower Colorado Region is a part of the fastest growing area
in the United States. In 1965 the estimated population was 1,877,000
(Economic Region). This represents a growth of slightly over 300 percent
in the last 25 years. About 45 percent of the 1965 population of the
Lower Colorado Region was concentrated in three major cities: Las Vegas,
Nevada; and Phoenix and Tucson, Arizona. In 1960, the last census year
with published census data, 73.7 percent of the population was classified
as urban and only 26.3 percent as rural.

Employment and Personal Income

The past and present employment within the Lower Colorado Region
is shown in Table B-1l. Figute B-1 presents graphic representation of
regional employment by industries in 1965. The rapid growth of
employment in the Region is evident when compared with that of the Nation.
The Lower Colorado Region, for example, recorded an 82 percent increase
between 1950 and 1960, compared to approximately 14 percent increase
for the Nation. Estimates for the period 1960 to 1965 show gains of
approximately 31 percent for the Region while employment in the
United States increased by 10 percent. In addition, regional employment
growth has been accompanied by changes in the industrial composition of
the economy. During the period 1950 to 1965, agriculture and mining
remained almost stable as to the number of workers, but declined in
relative importance. Employment in manufacturing, the trades and
services, and government, on the other hand, increased sharply during
this period. This trend toward more diversification stems largely from
the Region's attractiveness to light industry; i.e., electronics,
precision equipment and the like and the increasing demands of rec-
reation and tourism on the Region.

Per capita personal income in the Region for 1965 amounted to
$2,292. This figure, 10 percent below the national average, reflects
in part the state of economic depression among the Indian and Mexican-
American population of the Region.

Regional Economic Activity

The economic base of the Lower Colorado Region has expanded rapidly
during the past decade. Early development, influenced by mining and
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INTRODUCTION

Manufacturing increased tenfold in the 20 years preceding 1965
to an annual value of about 2 billion dollars. Most important,
regionally, is that the manufacturing industry is largely composed of
the light, diversified, smokeless type, and uses a minimum amount of
water. Representative categories include electrical components, air-
craft and parts, primary metal products, food products, printing and
chemicals.

Tourism contributed substantially to the economy of the Region in
1965. Nearly 30 million visitors who were attracted to the Region in
1965 found a wide variety of climates to suit their tastes at any time
of the year. They found entertainment ranging from a lavish scale at
the Las Vegas casinos to outdoor activities such as .camping, golf,
boating, hunting, fishing, water sports, rock-hounding, winter sports,
and sightseeing.

Transportation to and from parts of the Region is adequately pro-
vided by railroads, airlines, buslines, and interstate and international
highways.

Relationship to Other Appendixes

Appendix XVIII outlines the significant physical, economic and
social aspects of the Region. It summarizes the present and projected
water and related land resource problems and functional needs as developed
and discussed in the 15 primarily single function appendixes. It
determines the capability of the regional resources to satisfy these
requirements. This appendix also puggests development programs and
implementation action needed which would have the potential of satisfying
a large part of the projected future needs outlined in the supporting
appendixes., It analyzes the adequacy of the programs and suggests
areas where additional research and studies could help resolve problems
and provide better technical knowledge for use in future planning.
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Las Vegas, entertainment capitol of the southwest, contributes significantly to the economy of the
Region. Over 13,000,000 visitors spent $350,000,000 in 1965.




INTRODUCTION

Although some minerals are currently uneconomical to mine, minerals
are available in many categories in sufficient quantity to meet the
development needs in the Region.

Climate

Climate in the Lower Colorado Region varies as widely as its land
forms and topography. Maximum temperatures range from more than 100
degrees in the desert areas to mild 70's in the mountains. In some
mountainous areas, minimum temperatures sometimes drop to 30 degrees
below zero. Frost-free periods range from less than 60 days in the
high mountains to almost year-long in the desert valley areas. Annual
precipitation varies from an average of less than 5 inches at Yuma to
more than 30 inches in the higher mountain ranges. The combination of
high temperatures and low humidity in the desert areas causes high rates
of evaporation and transpiration and results in the loss of more than
95 percent of the annual precipitation. See Figure 1 for general
climatic data.

The People

The Region's population growth rate is currently leading the Nation
with Nevada ranking No. 1 and Arizona No. 3 in the national rating.
Racial distribution is similar to that of the Nation except that the
Indian population is 7 percent compared to 0.3 percent nationally.

Education of the people of the Region compares favorably with the
national average in most levels except that in the Region there are
slightly more people having no schooling and slightly more completing
at least 4 years of college.

The 1965 personal per capita income in the Region averaged about
$2,292 or 90 percent of the national figure.

Development

The irrigated lands represent about 98 percent of all cultivated
lands in the Region. About 1.2 million acres of land are irrigated,
mostly in the southern desert areas where long growing seasons and
climate favor a wide variety of crops.

Mining is one of the leading industries in the Region. Along with
many other minerals, about 60 percent of the Nation's copper supply
was mined in the Region in 1965.

The combined regional electric power organizations in 1965 were
supplying the Region's needs and were engaged in the exchange of large
blocks of power with power organizations outside the Region. Construction
is planned or underway to enlarge the power generation capacity.
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Canyon Country at Toroweap Point, Grand Canyon National Monument
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INTRODUCTION

The Region is naturally divided into three major drainage areas
which are designated as hydrologic subregions, namely: Lower Main
Stem, Little Colorado, and Gila.

The Lower Main Stem Subregion encompasses 56,554 square miles of
which 35,754 square miles are located in western Arizona, 17,310 square
miles are in southern Nevada, and 3,490 square miles are in the south-
west corner of Utah. Included in the Subregion are the cities of
St. George, Utah; Las Vegas, Nevada; and Yuma, Arizona.

The Little Colorado Subregion is comprised of the entire drainage
area of the Little Colorado River which is located in the northeastern
part of the Lower Colorado Region. The Subregion includes 21,667 square
miles of Arizona and 5,310 square miles of New Mexico for a total of
26,977 square miles. The cities of Gallup, New Mexico; Flagstaff,
Holbrook, and Winslow, Arizona, are included.

The Gila Subregion encompasses 57,606 square miles of which 49,561
square miles lie in Arizona and 8,045 square miles are in New Mexico.
The area is bounded on the east by the Continental Divide and on the
south by Mexico, and on the north and west by the hydrologic boundaries
of the Gila River Basin. Included in the area are the cities of Phoenix
and Tucson, Arizona; and Lordsburg, New Mexico.

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 pre-
cipitous 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, principal physical
characteristics of the Region are its variety of land forms, topography,
and geology.

Resources

Suitable land is available for each land use when considered indi-
vidually. In order to help satisfy the requirements for all uses, there
will need to be widespread adoption of the multiple-use principle.
Unfortunately, the development of the land for agriculture is curtailed
in many cases by the lack of economical water and the regional choices
for all water-based development have become very competitive. Limited
renewable water supply is another characteristic of the Region.
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INTRODUCTION

e Projections of Regional Growth.

Projections of regional growth and development are generally
constrained in this study in accordance with the national
projections that were developed by the Departments of
Agriculture and Commerce (Economic Research Service and
Office of Business Economics) and supplied to the Region by
the Water Resources Council, These projections were modified
by the States of the Lower Colorado Region to reflect local
conditions and trends.

G. Environmental Policy and Constraints.

Recognizing the impact of man's work on the environment, the
National Environmental Policy Act of 1969 establishes the
policy of promoting efforts to prevent or minimize damage to
the environment, and of enriching the understanding of the
ecological systems and natural resources of the Nation.
Generally, the philosophy of the Act has been pursued in
developing the framework program.

The maintenance and/or enhancement of the environment of the
Region extends into every segment of the framework study. In
each of the functional segments of the study, environmental
programs have been considered on & comprehensive basis rather
than on a single-purpose basis.

Has Land Use.

All land be used in accordance with its capabilities and be
given conservetion treatment in accordance with its needs as
they arise in connection with such use., Utilization of all

lands will be made and competition will cause major shifts in
land use within land capabilities. The "related lands" under
consideration in this study are as defined in the Water Resources
Council's Guidelines.

Area of Study

The Lower Colorado Region includes a large portion of Arizona and
parts of Nevada, Utah, and New Mexico, and has a total area of 141,000
square miles. See General Location Map, Lower Colorado Region
(Frontispiece).

The hydrologic region is bounded on the east by the Continental
Divide in New Mexico, on the west by a part of Nevada and the State of
California, on the south by Mexico, and on the north by the hydrologic
boundary at Lee Ferry, Arizona.
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among competing areas and uses. In some situations where
water has been diverted from one use to another use either by
court action or by purchase, severe social and public relations
problems have developed. These complex questions and issues
cannot be ignored nor can they realistically be greatly
simplified.

Experience has shown that expanding urban areas almost always
have adequate capacity to pay whatever reasonable cost is
involved in obtaining a supplemental water supply. The tech-
nology of water project development, waste water treatment,
and saline or brackish water conversion is sufficiently
advanced that it is reasonable to assume that adequate "new"
water supplies can be made available for supplemental service
to urban areas at costs within the user's ability to pay.

In recognition of the foregoing, it was concluded that the
following basic assumptions were necessary in Type I planning:

15 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 was previously beneficially used for
another purpose, in which case it will be assumed that
the water supply will be transferred with the land to the
new use,

2. Allocation of newly developed water supplies will be
predicated on the projected demands for commodities,
services, and other purposes,

3. Available water allocated under compacts, agreements, or
laws but not presently in beneficial use by the allottee
will be available for future beneficial use of the allottee
(state or other organization unit). Each of the regions
will rely on appropriate state laws for determination of
priorities of use among competing areas and uses.

L, Plans will be made, if possible, for replacement of water
presently being beneficially used but for which there is
a8 legally established adverse claim, such as rights under
area of origin, statutes and interstate compacts.

E. Water Quality Criteria.

The study assumes the application of all possible technically
and economically feasible means to preserve the quality of the
water resources of the Region. As a result, future growth and
full development of water use under existing compacts, decrees,
or intrastate water rights will not be inhibited.
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Planning Policies and Constraints

In the course of this broad, comprehensive investigation, it was
necessary to make numerous general and specific assumptions to limit the
number of possibilities of direction and magnitude of the various socio-
economic projections. Among the major controlling assumptions and
constraints are the following:

A, For the duration of the study period, there will be no cata-
strophic wars, no national political upheaval, no major economic
depressions, or any other environmental changes that would upset
the projected socio-economic trends.

B. No constraints are to be considered on the amount of goods,
services, and resources required to support the projected
levels of economic activity.

C. The following assumptions governed consideration of interre-
gional transfers of water:

1. All existing diversions are to be recognized and the
expected transfers of water included as a loss to the
transferring-out region and availeble for use in the
transferring-in region.

2. All actively authorized projects for interregional
diversions are to be treated as in 1 above.

3. All water subject to distribution among regions in
accordance with existing compacts and Court decisions
is to be distributed in accordance with their provisions.
In some cases, this requires a decision as to the future
division of water among regions within a state.

L, The ocean is considered available to the Lower Colorado
Region and plans for its use as a water resource are
included.

Dis Allocation of Water Among Competing Areas/Uses.

Assumptions concerning allocation of water among competing
areas and uses are of paramount concern, Historically, in

the West, water has been appropriated for use under state law.
It is expected that future uses will be sanctioned under
similar jurisdictional arrangements. Established water rights
have inherent economic value and are normally associated with
beneficial use on specific land or property. The history of
the West and western water law records the extreme sensitivity
of the questions associated with allocation of water resources
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socio-economic statistical analysis, the Region and subregions were
extended to the closest fitting political boundaries. The latter deline-
ations were designated the economic region and the economic subregions.
All base year projections of factors were adjusted to represent the
hydrologic areas except where otherwise noted. Investigations were first
conducted by subregions. These subregional studies were then coordinated,
interrelated, and summed up to obtain the overall program for the Lower
Colorado Region.

The study program consists 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, including those in authorized
and potential programs, which will become available to
serve the demands; and

(¢) Formulation of a general Lower Colorado Region framework
and development program to serve short- and long-term
needs.

To fully utilize the capabilities of Federal and State agencies
with expertise in all fields of planning, work groups were established
to deal with each of the sppendixes required to support this appendix.
Generally, the chairmanship in each work group was vested with the
agency having the most appropriate background related to the function.
In all, 16 appendixes were developed, as listed on the front cover of
this appendix.

The Lower Colorado Region Staff, under the leadership of the
Department of the Interior, reviewed the progress of the work groups,
resolved coordination problems, ascertained that policies and study
rules were being followed, and made recommendations on study procedures
and policies.

Coordination

To adequately cover all technical aspects of this comprehensive
study and to enlist the viewpoints of all the Federal, State, and local
interests, many agencies have been actively engaged in the framework
program.

Federal agencies exchanged information and coordinated their work
directly among themselves and with appropriate State agencies. Periodic
joint meetings of the Federal and State agencies were held at field
level to review findings and to exchange data and views.
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Water Resources to the Water Resources Council on April 10, 1966. This
transfer included the Pacific Southwest Inter-Agency Committee. By
letter of October 10, 1966, the Water Resources Council requested the
Pacific Southwest Inter-Agency Committee to take leadership and coor-
dinate the comprehensive studies in the Pacific Southwest, including
the Lower Colorado Region. PSIAC accepted this responsibility by
letter of November 21, 1966. An organization meeting to begin the
Lower Colorado Region study was held on February 8, 1967. The Department
of the Interior was designated to be lead agency and the Bureau of
Reclamation provides chairmanship of the Lower Colorado Region State-
Federal Interagency Group and Staff.

The States of Arizona, California, New Mexicoys Nevada, and Utah
are participating with the various Federal agencies in this investigation.

At the Federal level, the various participating departments and
agencies operate under numerous specific authorities which are listed
in Appendix III--Legal and Institutional Environments.

Scope

This study deals with the water and related land resources of the
Lower Colorado Region and embraces all significant problems and bene-
ficial uses associated with these resources. Consideration was given
to various aspects of problems related to supplies of water for munic-
ipal and industrial purposes, water quality control, flood control,
irrigation, electric power production, mining and mineral processing,
watershed management and treatment, land resources and use, outdoor rec-
reation, and fish and wildlife habitat. 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 parts of the
States of Utah, Nevada, Arizona, and New Mexico,

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

In addition to the 1965 base level of development, there are sub-
stantial authorized programs which have been recognized in the early
action framework program.

Study Approach

For the purpose of this study, the Lower Colorado Region was divided
into three hydrologically delineated subregions; and to accommodate the
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these welfare features. Nevertheless, water can be readily established
as a commodity that cannot be foregone if industry, agriculture, and the
modern way of life in the Lower Colorado Region are to be enhanced.
Water supports life, floods our lands, nourishes and washes our food,
carries away our wastes, provides water playgrounds, enhances wildlife,
cools and supports our industrial activities, and in many ways, supports
and provides unique services to man and his activities.

Our expanding economy and changing social goals place increasing
pressures on the already highly developed water and related land
resources of the Region. These resources have finite limits which vary
considerably in quality, quantity, and distribution throughout the Lower
Colorado Region. Accordingly, steps must be taken to assure that these
resources are available in quality, quantity, and location and at the
time needed to supply the services and products required by the economic
and social objectives of the Region. Wise choices of use are required
now and in the future to assure this availability of resources.

Steps to be taken in effecting the regional choices may include:
(a) structural measures to control streamflows; (b) nonstructural
programs to preserve environmental values, control the use of ground-
water resources, manage the uses of flood plains, provide flood warning
services, manage and treat land resources; or (c) combinations of
structural and nonstructural measures under multipurpose programs.

The objectives of the framework studies are to explore in depth
the goals and choices to be made to effect an optimum water and land
development program. This program would utilize the resources to
provide the products and services required to support and promote
economic growth and social betterment at national, regional, and local
levels.,

Authorization

The Lower Colorado Region is one of the major river basins in the
United States included in the national program. Comprehensive river
basin plans for the development, use, and management of the water and
related land resources of the Nation are the main objective. This
national 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 Lower Colorado Region study was approved by Congress, and funds
were provided to start this activity in Fiscal Year 1967.

The Water Resources Planning Act (P.L. 89-80, July 22, 1965) estab-
lished the Water Resources Council., The President transferred the
functions and committee organization of the Interagency Committee on
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CHAPTER A - INTRODUCTION AND DESCRIPTION OF THE REGION

The General Program and Alternatives Appendix utilizes the findings
of 15 separate, functional appendixes which are listed on the inside
front cover.

Generally, the functional appendixes analyze the present status of
the Region's socio-economic environment; define the current sufficiency
and deficiency of the available resources; project trends of development
and needs through the year 2020; and recommend means of satisfying
future needs and/or enhancing the future environment.

In this appendix, the studies set forth in the other appendixes
are analyzed and integrated into a comprehensive framework program
that appears to be the most reasonable for achieving the Region's
economic, social, and environmental goals.

Objectives of Framework Studies

In accordance with Senate Document No. 97 l/, a principal objective
in water resource planning "is to provide the best use, or combination
of uses, of water and related land resources to meet all foreseeable
short- and long-term needs." To accomplish this in an expanding
economy, the framework studies analyze past accomplishments and present
and future requirements and compare them with the available water and
related land resources to develop a program for the efficient satis-
faction of projected demands.

To be most effective as guides for action programs and to serve
as a sound base for a continuing planning process, framework studies
should be both broad in coverage and flexible in structure so that
additional alternative courses of action may be examined, evaluated,
and instituted as desirable or necessary. Development of the Lower
Colorado Region framework program has been accomplished with these
planning goals and reporting objectives in mind.

The economic and social welfare of the Nation and its component
regions, including the Lower Colorado Region, depends on many complex
factors. Water resources, while being the dominant concern in the
Lower Colorado Region, cannot be singled out as the sole vehicle for

;/ Policies, Standards, and Procedures in the Formulation, Evaluation,
and Review of Plans for Use and Development of Water and Related
Land Resources. 87th Congress, 2nd Session.
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in GRP are largely associated with market items and every effort is
made to measure only the value of final goods and services produced.

Estimated GRP by major components for the Lower Colorado Region
for 1965 is shown in Table B-3 and illustrated by Figure B-3. 1In
general, consumer purchases account for the largest share of gross
regional product, followed by government expenditures. As indicated in
Table B-3, consumer expenditures were roughly triple that of government
expenditures in both the Lower Main Stem and Gila Subregions. In the
Little Colorado Subregion, government expenditures approximately equal
consumer expenditure, due to major Federal and state assistance programs.
Al]l subregions imported a larger amount of goods and services than were
exported, as indicated by the negative value of net exports.

Table B-3

Gross Regional Product by Subregion,
Lower Colorado Region, 1965

Unit: $ Milliom

IMS L. Colo. Gila
Subregion Subregion Subregion

Consumption Expenditures 811.0 127.8 2,753.6
Government Expenditures 269.3 127.5 959.6
Gross Investment

Expenditures 290.6 51.3 822.5
Net Exports of Goods

and Services 1/ -90.7 -82.5 -11,
Gross Subregional Product 1,280.2 24,1 b, 524. 4

Gross Regional Product = 6,028.7

Source: Interindustry Transactions Table.

l/ Negative values indicate that each subregion imported more goods
than were exported.
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FIGURE B-3
GROSS REGIONAL PRODUCT-1965
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PRESENT WATER USE AND DEVELOPMENT

The principal water control facilities in the Region have been
designed to provide for the orderly and efficient use of the Region's
water supplies. Spills which are lost to the Region occur infrequently.
Unused outflow from the Little Colorado Subregion becomes inflow to the
Lower Main Stem for storage and use downstream. Under present con-
ditions, there is essentially no outflow from the Region beyond exports
to California and that required to meet the Mexican Treaty obligation.

It should be noted, however, that the historic runoff of the
Colorado River during the period 1906-1930, if repeated, could cause
large spills to the Gulf of California.

The major utilization of water within the Lower Colorado Region
is for agricultural, municipal and industrial purposes. At present,
about 94 percent of the total regional water withdrawal from ground-
water and surface-water sources is used for irrigated agriculture and
6 percent for municipal, industrial, and other uses. Minor quantities
of water are used for cooling in thermal power generation, rural
domestic needs, and for 1livestock. Other minor uses are hydroelectric
power, recreation, and fish and wildlife. Municipal and industrial
uses are increasing with the Region's growing population.

One of the large consuming uses of water in the Lower Colorado
Region is water-surface evaporation. The high rate of evaporation and
the essential requirements for storage produce an estimated annual lake
evaporation loss of over l.4 million acre-feet. Almost 85 percent of
these losses occur on major reservoirs on the Colorado River. These
losses are, in effect, a part of the cost of making possible the
orderly use of water for onsite and downstream purposes including the
generation of hydroelectric energy, and of considerable importance, of
providing recreational opportunities for ever increasing numbers of
people.

Table B-4 shows the approximate relationships between amounts of
water withdrawn from ground water and surface water in the Region and
where this water is used on the basis of estimated 1965 withdrawals.
The ratio of depletions to total withdrawals shows a regionwide effi-
ciency of about 62 percent due, in large measure, to the multiple
reuse of existing supplies.

As shown in Table B-4, over 60 percent of all withdrawals in the
Region come from ground water. Historically, annual ground-water
pumpage in the Lower Colorado Region has increased from less than 1
million acre-feet in the early 1930's to 3 million acre-feet following
World War II, and to about 5 million acre-feet in 1965.
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Table B-4

Estimated Annual Water Withdrawal 1/
1965 Level of Development

Lower Colorado Region

Unit:

1,000 Acre-Feet

Subregion Estimated Annual Water Withdrawal
and Ground-Water  Surface-Water Total
State Pumpage Diversion Withdrawal
Lower Main Stem
Arizona 400 1,650 2,050
Nevada 115 155 270
Utah _10 0 100
Total 525 1,895 2,420
Little Colorado
Arizona 72 57 129
New Mexico 2 21 23
Total T4 78 152
Gila
Arizona 4,400 1,200 5,600
New Mexico 65 31 96
Total 4,465 1,231 5,696
Lower Colorado Region
Arizona 4,872 2,907 7,779
New Mexico 67 52 119
Nevada 115 55 170
Utah 10 90 100
Total 5,064 3,204 8,268 2/
;/ Gross: Ground water at pump head, surface water at the source.

These values are not necessarily those experienced in 1965, but
rather, are the amounts which could be expected to be withdrawn
under average conditions with the 1965 level of development.

About 500,000 acre-feet or 6 percent of total estimated withdrawal

is used for purposes other than irrigation, and represents an
average withdrawal rate of nearly 240 gallons per capita per day.
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FIGURE B-5

HOW WATER WAS USED
IN THE LOWER COLORADO REGION IN 1965
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At the present time there is an annual ground-water overdraft of
approximately 2.5 million acre-feet, of which about 50,000 acre-feet
occur in the Las Vegas area and most of the remainder in central
Arizona.

Among the areas of the greatest water demand are the desert low-
lands of central Arizona and the Las Vegas Valley in Nevada which must
rely substantially on mining of ground-water resources. The results of
continued mining of ground water have already been felt in some areas.
Lands that were once productive are being retired as wells go dry or as
pumping costs rise to a point of no economic gain, or as water quality
deteriorates. Until the introduction of other sources of water, or in
some cases the economic means to better utilize the present sources,
ground-water overdraft will probably continue in order to meet the
demands for water.

Table B-5 is the summary of estimated depletions and withdrawal
requirements, respectively, for the various water-oriented activities in
the Lower Colorado Region at the 1965 level of development. Note that
the estimated 1965 withdrawal requirements excluding evaporation for
the Region is about 1.5 million acre-feet more than the actual amount
being withdrawn as indicated by records. The difference reflects the
effects of all restraints under the present conditions of water supply.
Restraints include water supply deficiencies, economics, water rights,
water quality, etc., and all of their ramifications.

There are presently 15 significant manmade impoundments on the
Colorado River and its tributaries within the Lower Colorado Region.
Seven of these are on the Colorado and eight are on tributaries.
Aggregate usable capacities are 28.6 million acre-feet and 3.2 million
acre-feet for the Colorado and tributaries, respectively. Largest of
all manmade impoundments in the Region as well as in the Nation is
Lake Mead with a usable storage capacity of 26.2 million acre-feet.
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Hoover Dam and Lake Mead exemplify the concept of multipurpose use of
stored water including: flood control; power generation; irrigation;
recreation; fish and wildlife and other uses.
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Theodore Roosevelt Dam, completed in 1911 on the Salt River in Arizona, is the forerunner of
multipurpose water storage projects in the Region and still provides flood control, water for
irrigation, municipal and industrial uses, hydroelectric power generation, and recreation.
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Table B-5
Lower Colorado Region
Estimated Water Requirements
1965 Level of Development

Hydrologic Areas

Unit: 1,000 Acre-Feet

Withdrawal Requirements

Depletion Requirements

Subregions Subregions

Uses 1 2 3 Region 1 2 3 Region
Reservoir Eveporation 1/ 32.3 39.4 158.7 230.4 32.3 39.k4 158.7  230.4
Mineral Resources 6.4 1.0 97.7 105.1 2.6 0.6 48.3 515
Trrigation 2,682.4 136.2 6,319.8  9,138.4 1,107.1 58.6 u,059.8§/5,225.5
Municipal and Industrial  115.6 19.5 315.1 450.2 48.2 8.8 140.9  197.9
Recreation 3.2 1.5 5.9 10.6 1.1 0.5 2.0 3.6 3/
Fish and Wildlife 140.0 6.0 50.0 196.0 100.0 4.3 6.0 110.3
Electric Power 2.8 0.8 6.0 9.6 2.8 0.8 6.0 9.6

Total 2,982.7  20b.4¥ 6,953.2 10,140.3 1,204.1  113.0% L,k21.7 5,828.8

g

determination of available Colorado River water.

N

Exclusive of Colorado River mainstream evaporation and sewage losses which are accounted for in the

Includes noncrop consumption associated with irrigation estimated as 15 percent of the computed

irrigation requirement. Also includes an estimated 600,000 acre-feet per year of water losses
in-transit in the central Arizona area of Subregion 3.

"=

Represents requirements exclusive of existing lake and reservoir evaporation.

Excludes normal annual export of 15,000 acre-feet to the Gila Subregion.
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WATER QUALITY

Regionally, mineral water quality as expressed by total dissolved
solids (TDS) concentrations is generally of lower quality than in many
other parts of the Nation., Many surface- and ground-water supplies of
the Region have mineral concentrations exceeding 500 milligrams per
liter, and many exceed 1,000 mg/l.

The Colorado River, one of the two major supplies, enters the
Region at concentrations exceeding 500 mg/l and varies between 600 and
900 mg/l at major diversion points within the Region. Long-term date
indicate that some 8.8 million tons of dissolved solids are transported
annually into the Region from the Upper Colorado Region.

Salinity increases in the Lower Colorado River as it proceeds down-
stream are due principally to inputs from saline springs and the concen-
trating effects of consumptive use and surface evaporation from reservoir
and river water surfaces. With average evaporations approaching 84 inches
annually, the reservoir losses in the reach from Lake Mead to Imperial
Dam exceed one million acre-feet per year. In addition, river losses
in this reach including evaporation, transpiration, and seepage, are
about 0.66 million acre-feet annually.

Significant increases in dissolved solids from headwaters to mouth
occur similarly in the Gila River. In the headwaters of the Gila, TDS
concentrations are generally less than 500 mg/l. However, in the middle
reaches below points of major diversions, the dissolved salt content
usually ranges from about 500 to 1,000 mg/l. Most of the increase in
dissolved solids concentrations results from the concentrating effects
of consumptive uses and from salts contributed directly by the soil to
irrigation water., Below Gillespie Dam near Phoenix, all of the highly
mineralized (mean TDS 3,000 mg/l) return flows from the Phoenix-Buckeye
area are diverted at Gillespie Dam for irrigation use.

Water quality is generally good in most of the headwaters of the
Little Colorado River. The middle reaches of the Little Colorado River
flow only intermittently. At the confluence with the Colorado River,
flows contain very high concentrations of dissolved solids from saline
springs located near the mouth of the Little Colorado River. A map ]
following page XVIII-34 shows the location of salt springs.

Some surface waters in the Region are very hard and at best are
only marginally suitable for domestic uses. 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/1l.
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PRESENT STATUS

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. This
relatively high level of natural fluoride concentration persists even
during flooding on some upstream portions of the Gila River. A few
isolated sample points show fluoride contents of more than 10 mg/l.

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 concen-
trations as great as 700,000 parts per million have been measured and
500,000 ppm observations are not unusual. On Basin and Range Lowlands,
the yields are moderate with concentrations in the adjacent streams
averaging about 20,000 ppm. Annual average sediment yield in most areas
remains within moderate bounds due to infrequent occurrence of heavy
rainfall. The major mainstream Colorado River reservoirs serve as sedi-
ment traps. Most of the sediment picked up between Parker and Imperial
Dams is removed by the All-American Canal Desilting Works and deposited
in the area between Imperial and Laguna Dams. About 500,000 tons
annually are removed.

The presence of nutrients from manmade sources has caused exces-
sive algal growths in Las Vegas Bay of Lake Mead, a major recreational
area, In isolated cases, bacterial concentrations have exceeded desir-
able levels in streams below smaller communities and resource areas.
Occasional overflows and breaks in mining waste disposal systems in the
Gila Subregion have resulted in fish kills due to the toxic wastes.

The mineral quality of ground water ranges from excellent to
unsuitable for any purpose. Ground water in the alluvial deposits of
the Basin and Range Lowlands, for example, contains from less than 100
to more than 100,000 mg/l of dissolved solids. Water from most of
these deposits, however, contains dissolved solids concentrations of
less than 1,000 mg/l. Concentrations of total dissolved solids in ground
water from aquifers beneath lowlands often vary, not only areally, but
also with depth. As a result, the concentrations of dissolved solids
in water from a given well may change abruptly with the amount of draw-
down as will the ionic mskeup. In contrast, major sandstone aquifers
in the Plateau Uplands of northern Arizona contain water having con-
sistently more than 10,000 mg/l dissolved solids. In the same overall
area, the dissolved solids concentrations ranged from 90 to more than
60,000 mg/l for 1,500 samples analyzed. A map following this page
indicates the location and extent of dissolved solids in ground water.

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 con-
siderably throughout the Region; but, except for fluoride and nitrate,
the concentrations are not objectionable for most uses. Though con-
centrations of nitrate are generally small in water from drilled wells,
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PRESENT STATUS

in northern Arizona water from dug wells may contain more than 45 mg/l

of nitrate which is the maximum concentration recommended in the

United States Public Health Service Drinking Water Standards. More than

L mg/1 of fluoride is common in ground waters of northern Arizona. Water
from many wells in the Basin and Range Lowlands will contain more than

2 mg/l of fluoride. Fluoride concentrations in excess of the upper limits
recommended by the USPHS Drinking Water Standards, are found in ground
waters throughout the Lower Colorado Region.

Boron concentrations of 0.4 mg/1l, the critical level for citrus
crops, have been observed in Colorado River water at Imperial Dam.

Other conditions presently affecting water quality and public
health in the Lower Colorado Region are as follows:

1. The presence of potentially water-borne disease in the Region;

2, Open surface-water conveyance systems presenting the possibility
of contamination by radiological means, or by accidental spills
of toxic materials;

i Bacteriological quality of water supplies at some recreational
areas which do not conform with United States Public Health

Service Drinking Water Standards, 1962;

4, Thermal pollution resulting from irrigation return flows,
municipal and industrial wastes;

5. Contamination of streams by runoff from livestock wastes and
other solid wastes;

6. Lack of water to maintain minimum streamflows; and

Te Lack of an effective disease vector control program.
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LAND RESOURCES AND USE

Land Ownership and Administration

In 1965 about 18 percent of the total land within the Lower
Colorado Region was in private ownership, 18 percent in Indian Trust,
12 percent in state and municipal ownership, and the remaining
52 percent was in Federal ownership. Of the land in Federal ownership,
59 percent was administered by the Department of the Interior, 32 percent
by the Department of Agriculture, and 9 percent was administered by the
Department of Defense. The basic land ownership and administration
statistics (for each subregion and the regional total) are presented
in Tables B-6, B-7, B-8, and B-9, and illustrated by Figure B-6 and the map
following page XVIII-36 shows the location of lands under the various
administrative agencies.

Soils

The soils of the Lower Colorado Region are inherent to the parent
materials of the two broad physiographic provinces; the Colorado
Plateau Province that occupies the northeast part, and generally the
high elevations of the Region; and the Basin and Range Province that
encompasses the remainder of the Region. The parent materials from
which the soil bodies have developed range from Precambrian basement
rocks, comprising granites and metamorphics; to relatively young
volcanic materials, with sedimentary material of sandstones, lime-
stones, and shales contributing to the soil characteristics throughout
much of the Region.

In the Colorado Plateau Province the major parent materials are
older marine and continental sedimentary rocks that range from limestone
to sandstone and shales. Local soils in places have developed from
volcanic rocks that have intruded these sedimentaries. In the Basin
and Range Province the soils have usually developed on alluvial materials
derived from the igneous and sedimentary rocks that comprise the mountain
ranges typical of the Province.

Soils of the Colorado Plateau Province--This Province comprises
the entire Little Colorado Subregion and a portion of both the Gila
and Lower Main Stem Subregions. In general, the soils in this Province
are shallow in depth to the parent material, often quite erodible,and
severely dissected in places. Most of the soils on the Plateau are on
gentle slopes except those in the mountains. The soils in the mountains
on steep to very steep slopes are shallow to very shallow. Most of the
soils in this Province have textures favorable to the entrance and move-
ment of water, except where developed from clayey materials.
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Table B-6
Land Ownership and Administration - 1965
Lower Main Stem Subregion

Unit: 1,000 Acres

Area
Land Ownership and State of State of State of
Administration Arizona Nevada Utah Total
Federal Lands
Department of Agriculture
Forest Service 1,432 336 289 2,057
Department of the Interior
Bureau of Land Management 7,526 8,123 1,115 16,764
Bureau of Sport Fisheries
& Wildlife 772 932 o) 1,704
National Park Service 2,091 L1 139 2,671
Other (Bureau of Reclamation) 364 54 0 418
Department of Defense 3,109 1/ 526 2/ 0 3,635
Other 0 14 3/ 0 14
Subtotal Federal Lands (15,294) (10,426) (1,543) (27,263)
State-owned Lands 2,280 39 137 2,456
Other Public Lands 3 (0] 0] 3
Subtotal Non-Federal
Public Lands (2,283) (39) (137)  (2,459)
Privately owned Lands
Individual or Corporate 3,368 473 554 4,395
Indian Trust Lands 4/ 1,824 5 0 1,829
Subtotal Private Lands (5,192) (478) (55U4) (6,224)
Total 22,769 10,943 2,23k 35,9L46
l/ Includes Cabeza Prieta Game Refuge which is administered jointly
with the Bureau of Sport Fisheries and Wildlife,
g/ This includes Desert Game Refuge administered jointly with the
Bureau of Sport Fisheries and Wildlife.
3/ Administered by County, State, etc.
&/ All Bureau of Indian Affairs administered lands appear as line item

"Indian Trust.,"
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Table B-7
Land Ownership and Administration - 1965

Little Colorado Subregion

Unit: 1,000 Acres
Area
Land Ownership State of State of
Administration Arizona New Mexico Total
Federal Lands
Department of Agriculture
Forest Service 1,990 332 2,322
Department of the Interior
Bureau of Land Management 313 548 861
Bureau of Sport Fisheries
& Wildlife 0] 0 0
National Park Service 159 (0] 159
Other (Bureau of Reclamation) 0 0 0
Department of Defense 0 13 13
Other 0] 0 0
Subtotal Federal Lands (2,L462) (893) (3,355)
State-owned Lands 1,354 326 1,680
Other Public Lands 0 0 0
Subtotal Non-Federal
Public Lands (1,354) (326) (1,680)
Privately owned Lands
Individual or Corporate 2,989 1,088 4,077
Indian Trust Lands 1/ 7,052 1,088 8,140
Subtotal Private Lands (10,0k41) (2,176) (12,217)
Total 13,857 3,395 17,252

;/ Includes Bureau of Indian Affairs administered lands.
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Table B-8
Land Ownership and Administration - 1965
Gila Subregion

Unit: 1,000 Acres

Area
Land Ownership and State of State of
Administration Arizona New Mexico Total
Federal Lands
Department of Agriculture
Forest Service 8,103 2,493 10,596
Department of the Interior
Bureau of Land Management 4,104 958 5,062
Bureau of Sport Fisheries
& Wildlife 0 0 0
National Park Service ol 0 oL
Other (Bureau of Reclamation) 0 0 0
Department of Defense 435 0 435
Other 86 0 86
Subtotal Federal Lands (12,822) (3,451) (16,273)
State-owned Lands 5,674 766 6,440
Other Public Lands 22 0 22
Subtotal Non-Federal
Public Lands (5,696) (766) (6,462)
Privately owned Lands
Individual or Corporate 6,680 932 7,612
Indian Trust Lends 1/ 6,443 0 6,443
Subtotal Private Lands (13,123) (932) (14,055)
Total 31,641 5,149 36,790

;/ Includes Bureau of Indian Affairs administered lands.
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Table B-9, Land Ownership and Administration - 1965

Lower Colorado Region Summary

Unit: 1,000 Acres

Land Ownership and State of State of State of State of
Administration Arizona Nevada Utah New Mexico Total
Federal Lends
Department of Agriculture
Forest Service 11,525 336 289 2,825 14,975
Department of the Interior
Bureau of Land Management 11,943 8,123 1,115 1,506 22,687
Bureau of Sport Fisheries & Wildlife 772 932 0 0 1,704
National Park Service 2,34k Ly 139 0 2,924
Other (Bureau of Reclamation) 364 54 0 0 418
Department of Defense 3,544 526 0 13 4,083
Other 86 1k 0 0 100
Subtotal Federal Lands (30,578) (10,426) (1,543) (4,344) (46,891)
State-owned Lands 9,308 39 137 1,092 10,576
Other Public Lands 25 0 0 0 25
Subtotal Non-Federal Public Lands (9,333) (39) (137) (1,092) (10,601)
Privately owned Lands
Individual or Corporate 13,037 473 55U 2,020 16,084
Indian Trust Lands 15,319 5 0 1,088 16,412
Subtotal Private Lands (28,356) (478) (554) (3,108) (32,496)
Total 68,267 10,943 2,234 8,54k 89,988

Note: Only land areas, water areas are not included.
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PRESENT STATUS

Soils of the Basin and Range Province--This Province is charac-
terized by steep, generally barren, northwest-southeast trending
mountains and broad alluvial-fill valleys. Most of the soils in the
basins and valleys of this Province are deep, level to nearly level,
and have textures favorable to both water entrance and soil workability.
The soils on the mountains of this Province are very shallow to mod-
erately deep, and are on steep to very steep slopes, and generally have
loamy to clayey textures. In places these soils are very stony and/or
rocky. Important source areas for sediment in this Province are in the
valley of the San Pedro River and along the Gila River between San Carlos
Lake and the Arizona-New Mexico boundary.

Vegetal Cover

The Region has a wide variation in vegetal cover types and related
categories 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, pinon-juniper and oask wood-
land, to the yellow pine 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.
The extent of vegetal cover and related categories for the Region is
shown in Table B-10 and illustrated by Figure B-7 and the Vegetal Cover
Map following page XVIII-L42

Present Use of Land Resources

Numerous resources, uses, and activities presently exist on all
classes of regional lands. These are as varied as is the climate,
topography, vegetation, and pattern of land ownership and administration.

Tables B-11 through B-1L4 show total acreage in 1965, for each land
resource group and the acreages of multiple-use demands in each group,
by subregion and for the Region. Figure B-8 depicts land use by
resource groups for subregions and the Region in 1965.

Cultivated Cropland

The Region's total cropland area contains about 1.8 million acres.
Of this amount, about 77 percent is in the Gila Subregion, some
21 percent is in the Lower Main Stem Subregion, and less than 2 percent
is in the Little Colorado Subregion. Only 31,000 acres of the total
cropland are nonirrigated. Refer to the Vegetal Cover Map following
page XVIII-H2 for the extent of cultivated lands.

Water for irrigation is usually the limiting factor in crop pro-
duction. More land is developed for irrigation than is used annually.
The acreage planted to crops increases when the quantity of water in
storage is above average at the beginning of the crop years.
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Table B-10
Vegetal Cover and Related Categories - 1965
Lower Colorado Region

Unit: 1,000 Acres

Total

Lower Little Lower

Main Stem Colorado Gila Colorado

Subregion Subregion Subregion Region
Conifer 1,068 1,702 3,752 6,522
Woodland 7,396 5,609 6,898 19,903
Chaparral 439 - 3,027 3,466
Riparian __52 -- 54 106
Subtotal (Forest Land) 8,955 Ts 311 13,731 29,997
Southern Desert Shrub 17,111 -- 15,026 32,137
Northern Desert Shrub 5,628 2,919 0 8,5u7
Grassland 3,765 6,940 _6,197 16,902
Subtotal (Rangeland) 26,504 9,859 21,223 57,586
Urban & Industrial 129 19 365 513
Cropland 332 63 1,421 1,816
Water 2l9 13 78 3Lk0
Barren 26 -- 50 76
Total 36,195 17,265 36,868 90,328
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FIGURE B-7
VEGETAL COVER AND RELATED CATEGORIES-1965
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Table B-11
Uses of the Land - 1965
Lower Main Stem Subregion

Unit: 1,000 Acres

=] —~ Lo BN"] =]
el &8 S0 o | =S o
Area =Y g + H Outdoor g £ 3 2 + Fish & . 3
Land of 2/ | Cultivation 4 F5 %] Recreation | ®¢ | S| 85| wilalire Watershed |a ™
Resource LRG's Non- o =8 b 3/ Un- @ =lg8g Un- Un- & g o
Groups (1965) Irrig.}Irrig. &) Lo H |Desig. | Desig. A= o A | Desig.| Desig. Class.| Class. & =]
Cropland 1/ 332 | 267 5 132 o - - 250 | 0 -l - - 33 | o 332 20
>~
E Range 26,504 0 0 20,600 - - | 3,203 | 20,612 0 3,652{ L4 1,148 23,929 0 26,504 100
H
\4'5 Forest 8,955 0 0 7,238 | 873 - | 1,034 5,705 0 -1 1 675 7,493 0 8,955 45
Urban 129 - - - -] 129 10 30 0 -l - - 128 0 129 56
Barren &
Other 26 0 0 0 0 - - 26 0 0o o 0 26 0 26 -
Total 35,96 267 5 27,970 | 873 | 129 | 4,247 | 26,623 0 3,652 5 1,823| 31,908 0 35,946 221

l/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965,
farmsteads, farm roads, farm irrigation canals, etc.

2/ Land Resources Groups.
;/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc,

Note: Dash indicates small acreage.
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Table B-12
Uses of the Land - 1965
Little Colorado Subregion

Unit: 1,000 Acres

o ~ o u o
food]| o S0 P 3
Area =y LH o H Outdoor g g 5 s & Fish & . 3
Land of _2_‘/ Culvitation E 53 £ Recreation 2o 212 Wildlife Watershed .
Resource LRG's Non- g B g S 'g 3/ Un- & :‘4 ~ E o] Un- Un- 5 5 -
Groups (1965) Irrig,|Irrig. &) A H | DesigdDesig, [=R<3 g & Desig.| Desig. Class.|Class. & =)
Cropland 1/ 63 28 16 36 0 - - 52 0 - - - 63 0 63 3
Range 9,859 0 o[ 9,381 - - 175 | 7,985 ol 2a 5 8| 9,851 3| 9,856 32
Forest 7,311 0 0| 7,187 p,Mh9 - 26 | 6,886 0 - 2 8| 7,303 12 | 7,299 20
Urban 19 - - - - 19 2 2 0] - - - 18 0 19 8

Barren &

Other 0o (o} 0 (o} o - 0 0 o 0 0 0 0 0o o =
Total 17,252 28 16 | 16,604 419 19 203 | 1k4,925 0 21 i 16 | 17,235 15 | 17,237 63

_l_/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965,
farmsteads, farm roads, farm irrigation canals, etc.

2/ Land Resources Groups.
3/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc.

Note: Dash indicates small acreage.



Table B-13
Uses of the Land - 1965
Gila Subregion

Unit: 1,000 Acres

o —~ ™ 0 ]

P 20 P it

Area =Y g - o H Outdoor g & ; g 2 Fish & ;

Land of 2/ | Culvitation 'E H3l 84 Recreation 0o Hie= Wildlife Watershed w o

Resource LRG's Non- o B o H g 3/ Un- 0 ~ d o Un- Un- 8 g

Groups (1965) Irrig,| Irrig. &) A~ — |Desig. | Desig. | A = g & Desig.| Desig. Class.| Class. g %8
Cropland 1/ | 1,421 895 - b2 g = -| 1,000 0 - = -1 1,333 o| 1,421 88

>

E Range 21,223 0 0| 20,777 - - 655 | 12,000 10| L4o2 13 12 | 21,157 4 | 21,219 123

—

'3 Forest 13,731 0 0| 10,291 | 3,166 - 4o1| 8,000 851 51 50 71 13,681 20 | 13,719 65
Urban 365 - - - 4 365 - 36 100 o] - - - 65 0 365 100
Barren &

Other 50 0 0 0 (o - o} 50 o} - 0 0 50 0 50 -
Total 36,790 895 -] 31,4801 3,164 365 | 1,092 | 21,150 861 | U453 63 19 | 36,286 o | 36,774 376

l/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965,
farmsteads, farm roads, farm irrigation canals, etc.

2/ Lland Resources Groups.
g/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc.

Note: Dash indicates small acreage.
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Uses of the Land - 1965

Table B-1k4

Lower Colorado Region

Unit: 1,000 Acres

| Ba |8 2

Area =Y 28 H Outdoor g g H g + Fish & g =

Land of 2/ | Culvitation A 858 84| Recreation | ®g| £| 83| wildlire Watershed |4 ™

Resource LRG's Non- 8 B9 &g 3/ Un- @ = =leg Un- Un- ) g5

Grouns (1965) Irrig.|Irrig. &) l H | Desig.| Desig. Ax g n | Desig.| Desig. Class.| Class. &°5

Cropland 1/ | 1,816 | 1,160 21 580 of - -| 1,302 0 - - -l 1,728 o] 1,816 111

Range 57,586 0 0 | 50,758 -l - | ¥,033]| 40,597 10 | k,075 22 | 1,168 54,937 T | 57,519 255

Forest 29,997 0 0 | 24,716 | 5,458 - | 1,461 15,591 851 51 53 690| 28,477 2k | 29,973 130

Urban 513 - - B -| 513 48 132 0 = = - 211 0 513 164
Barren &

Other 76 0 0 0 0 - (0] 76 0 - 0 0 76 0 76 -

Total 89,988 | 1,160 21 | 76,054 |5,458| 513 | 5,542| 57,698 | 861 k4,126 75 | 1,858| 85,429 31 | 89,957 660

}/ Includes irrigated pasture, acres planted but not harvested,

farmsteads, farm roads, farm irrigation canals, etc.

2/ Land Resources Groups.

g/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc.

Note:

Dash indicates small acreage.

acres developed for irrigation but idle or fallow in 1965,



FIGURE B-8
LAND AREA BY RESOURCE GROUPS-I965

T

N3YYve

Nvadn

0.4 <0

ANV 1S3404

3.7

— ANVI13IONVY

ANV 1d0Y)D m_l

30

20r
(0]

S

L

4OV NOITTIN

o

N3Jyve

Nv8dN

<0.l

0.1

ANV 1S3¥04 &

ANVI13ONVY

26.5

ANV1d0d¥D

0.3 |

30

10

N
S3YIV NOIN

-

I

GILA SUBREGION

LOWER MAIN STEM

i L5 L T T

N3yyve
Nvaan

0.5 <0l

ANV L1S3¥04 &

(&Y

N UNVI3ONVY

aNV1d0d

1.8

—

60

] 1 1
(©]
T 8 °

Vv NOITTIN

S0
401

LOWER COLORADO REGION

0

N3¥yvea

Nvaan

00,

[<0.|

ANV 153404 2

ANVI3ONVY 3

ANV1d0dd

1 1

0.06

< Q
S340V NOITTIW

LITTLE COLORADO

-53




PRESENT STATUS

The dry cropland is located on gently to moderately sloping lands
above 4000 feet elevation with annual precipitation of 16 inches or
more. The most successfully dry farmed area is found between 5000 and
8000 feet in elevation with 20 inches or more average annual precipi-
tation. Crop failure in years of below average annual precipitation
is significant below these limits. Other problems in nonirrigated
farming include short growing season, which limits the choice of crops,
and the low precipitation rate during the growing season.

Livestock Grazing

The total area available for grazing in 1965 was about 76 million
acres, which is about 84 percent of the total land area of the Region.
It is distributed throughout the Region with about 28 million acres in
the Lower Main Stem, 17 million acres in the Little Colorado, and 31
million acres in the Gila Subregion. About 21 percent of the total
grazing land is in private ownership, 14 percent state and county owner-
ship, 20 percent in Indian Trust, and the remaining 45 percent is owned
by the Federal Government.

The native grazing lands of the Lower Colorado Region present a
wide variance in complexities and resource values. These variations
are the result of differences in topography, climate, elevations, vege-
tative types, and soil type. Lands that are suitable for use by domestic
livestock will, under proper management, support a livestock industry
indefinitely and continue to be an important and integral part of the
economic framework of the Region.

Timber Production

There are 30 million acres of forest land in the Region. The
forests generally occur at the higher elevations, usually above 4000
feet in elevation. Of the 30 million acres of forest land in the Region,
5.5 million acres are classed as commercial timberlands. Of the total
commercial forests, 69 percent is in Federal ownership, 1 percent is
state land, 23 percent is on Indian lands, and the remaining 7 percent
is in private ownership.

The outstanding feature of the distribution of the commercial
timber type in the Region is the largely unbroken block that extends
for more than 300 miles along the Colorado Plateau. Ninety-one percent
of the timber in this block is Ponderosa pine and is the largest single
block of Ponderosa pine in the United States. Other areas of the
commercial timber type occur on the crests of the small scattered mountain
ranges and peaks above L4700 feet in elevation in the Gila and Lower Main
Stem Subregions. These coniferous forest areas are generally too small
and scattered to support an economical timber operation, but have high
esthetic, recreation, and other environmental values.
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Phoenix, capitol city of Arizona, ranks as one of the Nation's fastest growing cities; the heart

of the States industrial empire, and a major tourist attraction. Rapid expansion envelopes lands
previously used for irrigated agriculture.
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Urban

Urban uses occupied about 513,000 acres in the Region in 1965,
These range from 158,000 acres in the Phoenix metropolitan area to
small towns of less than a square mile. Average urban population
densities are generally lowest for the large cities with their sprawling
suburbs. Industrial users of land are generally within urbanized areas;
only the mining industry occupies significant amounts of land outside
of urban areas.

Outdoor Recreation

Practically all the Region has something of interest to the rec-
reationist. The forest and rangelands provide a wide variety of outdoor
recreation opportunities. The Region is unique in that it has desert
environment for enjoyment in winter and mountains that provide cool
summer recreation opportunities. The mountains also provide winter
sports opportunities. Areas most valuable for recreation are those
which have special attraction such as forests, rivers, streams, lakes;
and areas of unusual archeological, historical, botanical, scenic, and
geological values. For example, the wonders of the Grand Canyon attract
tourists and recreationists from around the world.

The extensive areas of public lands provide almost unlimited
opportunities for dispersed recreation and general enjoyment, the open
spaces of the forest, mountain, and desert environment.

Wilderness and Primitive Areas

Within the Region in 1965 were 13 areas classified for wilderness
management. These areas, totaling nearly 13 million acres, included
6 wilderness areas, and 7 primitive areas. Wilderness areas are
designated by Congressional action and any changes would require legis-
lation, whereas, primitive areas are administratively established.

Areas within the Wilderness Preservation System are closed to all
forms of motorized transportation. They are open to most forms of
outdoor recreation, to hunting and fishing, to grazing of livestock
(where this use was established prior to the effective date of the
Wilderness Act), and for other uses, provided the wilderness character
of the area is preserved. No structure or installation may be con-
structed and harvesting of timber is not permitted within the wilderness
areas, Other than the trail systems, the only facilities permitted are
limited to those essential for sanitation, fire prevention, and the
preservation of wilderness values.

Minerel Production

The actual acreage used for mineral production in 1965 (75,000
acres) is a very small percentage of the total land area. Although
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Mineral Production--necessary for the Nation's welfare and a major contributor to the Region's

economy. About 60 percent of the Nation's copper is produced in regional open-pit mines located
in the Lower Colorado Region.
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small in extent, these lands are intensively used. Their economic
importance is great and their compatibility with other uses is low.
These lands are almost entirely in private ownership.

Low grade mineral deposits occur over large areas. However, in
most places mineral extraction from these deposits will be delayed
until future demands and technology make it feasible to mine these
areas,

Transportation and Utilities

In 1965, 660,000 acres were used for transportation and utility
purposes in the Region., This use generally keeps pace with the
regional growth and population. Some facilities such as roads, rail-
roads, and airports effectively alter other land uses, but these mostly
exist over such a large area they do nothing more than break up the
country into large blocks. Other facilities such as telephone,
electric power, and pipeline rights-of-way may modify existing uses.

In most cases, proper management of the rights-of-way produces benefits
such as improved livestock forage and increased water yield.

Fish and Wildlife

Most of the water and land within the hydrologic region are of
value to fish and wildlife. It is estimated that approximately
76.4 million acres of the Region contribute materially as important
habitat for game and nongame fish and wildlife and most acres are
available for fishing and hunting. Only 3.6 percent of the Region is
managed and administered principally for fish and wildlife by the sev-
eral state fish and game agencies, the Bureau of Sport Fisheries and
Wildlife, or Indian and other private land owners.

Over 4O species of game occur throughout nearly all of the Region.
Big game occur on approximately 72 million acres, small game on nearly
90 million acres, and waterfowl on 42,000 acres of suitable habitat.
More than 710 species of nongame birds and mammals occur throughout the
Region.

Military and Related Uses

Most of the land used for military and related purposes in the
Region is desert or semiarid mountainous terrain. This land was
selected for military and related uses because it was isolated from
developed areas. Generally the land is not readily suited for agri-
cultural uses and does not yield minerals in economically significant
quantities.

Watershed

Every acre in the Region can be considered as watershed, and
management of every resource and activity has an effect upon water
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yield. Water yields vary depending upon the topography, climate,
vegetation, and soils, Conditions of the watershed are affected by
past and present use.

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 watershed to provide
for high quality domestic water to local municipalities.

Hydrologic studies indicate that water yield improvement programs
can provide effective and efficient means of augmenting existing water
supplies in water-deficient areas.

Other Uses
Other uses, not shown in Tables B-1l through B-1l4, include arche-
ological and historic sites, scientific research sites, and small areas

of unusual esthetic or scenic value. Although these areas do not usually
involve large acreages, they are very important to the public.
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MINERAL RESOURCES AND DEVELOPMENT

In 1965, and for the preceding century, the principal mining areas
of the Region were those producing copper in the southeastern portion of
the Region. However, increasingly important quantities of such minerals
as copper and uranium, and most recently, petroleum are being now pro-
duced in the northern part of the Region.

Copper's predominant position in the Region's mineral industry is
unique in the Nation, overshadowing all the combined remainder with
60 percent of the national output. Moreover, because of the huge
volume of copper ore mined, significant amounts of silver and gold are
produced as byproducts of the copper productiorn.

Along with copper, the current leading mineral commodities are
uranium, sand and gravel, lead-zinc, and cement. This commodity-mix
has persisted since the late 1950's; prior to that period, uranium was
not produced in volume in the Region, and lime was ranked as one of the
five leading minerals produced.

There is an excellent pdssibility that petroleum will soon be one
of the top five and will probably maintain that position through the
end of the century.

Because of the recent and current construction of fossil-fueled
thermoelectric generating plants, coal production is becoming increas-
ingly important in the Region.

The construction industry has been and is currently in an apparently
long-term uptrend, which has proportionally influenced the production
of sand, gravel, and cement in the Region.

Mineral Production and Value

Mineral production in the United States, Upper Colorado Region, and
Lower Colorado Region in base year 1965 is recorded in Table B-15.

The table reflects company confidentiality where required.
Petroleum is the catchall term for crude oil, natural gas, liquid
petroleum gases, helium, etc. Likewise, uranium data include byproduct
vanadium because the two commodities commonly are produced from the
same ores in the northern part of the Colorado Plateau.

Table B-15 also serves as a reference to all the mineral commodities
produced in the Colorado Region during the 1947-1966 interval. The
tabular listing and footnotes 3, 4, and 5 cover the minerals produced
in 1965--footnote 6 completed the post-World War II picture. This
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"minerals register" may seem impressive at first glance, but upon further
examination, it is apparent that some items are unimportant to a compre-
hensive framework study. For example, it is clear that in 1965 the

value of copper production in the Lower Colorado Region was predom-

inant in the minerals industry, whereas the value of iron ore output

was quite insignificant.

Table B-15 implies that a wide variety of metalliferous ores was
mined in 1965, but many of these commodities were byproducts. In the
Lower Colorado Region more than 10 million pounds of molybdenum was
produced, but no molybdenum ore was mined because it was recovered as
a byproduct from copper ore from several mines. Regionwide, virtually
no gold and silver ores were mined; most of the gold and silver was
recovered as byproducts from copper operations in the Lower Colorado
Region. Thus, it is evident that only a few of the 40 or so mineral
commodities listed in Table B-15 dominate the production and value
figures in the Lower Colorado Region.

Markets

In general, mineral fuels produced in the Lower Colorado Region
find markets outside the Region and metals are marketed nationwide.

The Lower Colorado Region is an important exporter of uranium,
the only mineral fuel currently produced in substantial volume. Oil
and gas have only recently been discovered and produced, and output of
coal, although intermittently produced for decades, has been negligible
in importance. Uranium is marketed nationwide, and some foreign sales
contracts have also been recorded. Future market potential, both domes-
tic and foreign, is excellent.

0il and gas production is expected to increase in the near-term
with distribution to southwest and West Coast markets most probable.
Coal output is projected to increase markedly to fuel a thermal power
plant in southern Nevada; over the long-term, however, coal's future
in the Region does not appear to offer significant increases in the
dollar value of mineral production in the Region.

Almost all metals output leaves the Lower Colorado Region, mostly
in the form of mill concentrates, or smelter product, for further
upgrading or refining and subsequent industrial use elsewhere in the
Nation. During the 1960's, molybdenum was the only metal consistently
produced in quantities sufficient to satisfy some foreign demand.
Periodically, the Nation has been a net exporter of copper, and obvi-
ously the Region's vast annual copper output was largely responsible
for this occasionally favorable balance-of-trade item. Statistically,
the Nation has hovered about self-sufficiency in copper output for many
years, usually falling short of a balance by some small margin.
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Table B-15 - Mineral production in the United States, Upper Colornlnﬁ(vglon and Lower Colormlo/R egion in 1965~

Fconomic

United States

Upper Colorado Region

Lower Colorado Region

Value contribution to total

€9-TTTAX

Mineral fuels:

Coal,

Helium
Natural gas
Natural gas liquids:

Natural gasoline

LP gases
Petroleum
Uranium ore
Other fuels=/,.,

Total mineral fuels .....

Metals:
Copper ..
Gold ...ccoece0e
Iron ore .....
Lead ...o50 . ceves
Manganiferous ore (5 to 35 percent Mn).
Mercury .. oo

Molybdenum ..cccessecccscce
Si{lver ...
Vanadium cccvveccoccccnnane

Other mecal
Total metals....

Nonmetals:
Asbestos

Clays

Gypsum ... csevesseee
Lime ..cccocovosoossocsvevonvsonss

Pumice

Sand and gravel ceeens

Stone

Other nonmecalsS/....
Total nonmetals

Grand total mineral production= 6/

LR TP E PP TP PEPTPRPPRPEPPPRRRE

thousand short tons..
thousand cubic feet.
million cubic feet..

thousand gallons..
do....
chousand 42:-gallon barrcls
short tons.

short tons..
troy ounces..
thousand long tons..
short tons..

do.

76 -pound flasks .
thousand pounds..
. thousand troy ounces...
.«. short tons..

esscesetscsesceseesessnsssssssrosascnesssssass Osens
47

coes .short tons.

eee thousand short tons.

. do...‘
o dosess
es dosaas
oo dovaes
« do...s

U.S. production (porcrg})
Upper Lower
Value Value Value
Quantity (thousands) (thousands) Quantity (thousands) C::::Zio c::::gio
512,088 | $2,276,022 $54,245 352 $1,816 2.4 0.1
4,365,068 66,687 2,821 2/ 2/ 4.2 2/
16,039,753 2,494,542 85,398 3,106 376 3.4 n
. 7,238,070 494,354 7,735 - - 1.6 -
11,257,267 417,249 16,679 - - 4.0 -
2,848,462 8,158,150 181,330 2/ 2/ 2.2 2/
4,362,614 83,915 19,517 1,835,898 34,318 23.3 40.9
XX 137,714 5,780 XX 3,307 XX XX
XX 14,129,000 374,000 XX 40,000 2.6 0.3
1,351,734 957,028 2,707 802,026 567,834 0.3 59.3
1,705,190 59,682 1,232 155,060 5,427 2.1 9.1
84,472 804,498 787 8 51 0.1 n
301,147 93,959 6,387 10,016 3,125 6.8 3.3
332,763 2/ - 50,090 2/ - 2/
19,582 11,176 - 158 90 - 0.8
77,310 120,801 78,609 10,312 17,296 65.1 14.3
39,808 51,469 2,269 6,550 8,469 4.4 16.5
5,226 18,284 15,753 109 381 86.2 241
611,153 178,284 14,953 59,825 17,469 8.4 9.8
XX 2/ 2,150 XX 2/ XX XX
XX 2,388,000 125,000 XX 621,000 5.2 26.0
118,275 10,162 - 3,469 441 - 4.3 4.3
55,089 203,772 650 150 278 0.5 0.3 0.8
10,035 37,423 - 585 2,147 - ST 3.7
16,794 232,939 2/ 448 8,205 2/ 3.5 2/
3,483 6,640 78 1,161 1,516 1.2 22.8 24.0
908,049 957,416 7,126 19,685 22,578 0.7 2.4 3.1
780,072 1,203,618 3,807 3,410 5;925 0.3 0.5 0.8
XX 2,265,000 2/ XX 11,413 XX XX XX
XX 4,916,000 43,000 XX 53,000 0.9 Lk 2.0
XX 21,433,000 542,000 XX 714,000 29 3.3 5.9

fwin
I 2

Iwnis
NS

jon
~

Negligible.
Source:
dollars.

Figure withheld to avoid disclosing individual company confidential data;
Other fuels (in order of value) are gilsonite and natural carbon dioxide in the Upper Colorado Region and helium and petroleum (values combined but withheld) in the
Lower Colorado Region.
Other metals are tungsten,
Other nonmetals are sodium carbonate

diatomite,

lithium, gypsum, and mica.
brucite, barite, fluorspar, and vermiculite.

XX Not applicable,.
Bureau of Mines Minerals Yearbook, Volume I,

, and tin {n the Upper Colorado Region and pyrites, tin
, potash, phosphate rock,
and salt in the Lower Colorado Region.

Total mineral production for 1965,

as listed in the table and footnotes 3, 4,
mineral commodities in the Lower Colorado Region,

value included with value of other fuels,

, and files of the Denver and San Francisco Offices of Mineral Resources,

Values are unadjusted 1965

other metals, and other nonmetals.

, and tungsten in the Lower Colorado Region.
, and lime (value withheld) in the Upper Colorado Region and cement, perlite,

barite;

feldspar, mica,

and 5, was comprised of 29 mineral commodities in the Upper Colorado Region and 30
Other mineral commodities produced in the Region since World War II are as follows:
manganese, manganiferous ores, columbite-tantalite, beryllium, rare earths, clays (varieties other than those produced in 1965), feldspar,
Lower Colorado Region--coal, manganese, columbite-tantalite,

Upper Colorado Region--
fluorspar,
, rare earths, clays (varieties other than those produced in 1965),
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Considering the continuing new mine developments and expansions at
established operations in the Region (and elsewhere in the Nation), a
marked surplus production potential seems virtually certain at least
until the mid-1970's. Therefore, with due consideration to political
and social instability in several important foreign copper-producing
countries, the Region's output seems destined to become much more widely
distributed through the 1970's, thus, periodically enhancing the Nation's
balance-of-trade account.

Essentially all nonmetals production in the Lower Colorado Region
is for internal use, mostly to meet regional construction industry
needs. Typically bulky, low in unit value, and common to most areas,
the more important nonmetsllics--sand, gravel, cement, stone, gypsum,
and clays--ordinarily are transported only short distances to markets.

Open-pit mine and concentrating facilities in Pima County, Arizona.
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Open-pit copper mine at Morenci, Arizona.
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LAND TREATMENT AND MANAGEMENT

Effective management of an area requires a well-founded knowledge
of the interrelationships among climate, plants, soils, geology, and
other factors. Management objectives may be one or more of the
following: increased water yield, improved water quality, control of
erosion and sediment yield, and reduced floodwater damage. These
objectives may be achieved through variations in management of livestock
forage, timber and other vegetative types, wildlife habitat, residential
and commercial areas in respect to location (zoning), recreation, crop
production, and other resources.

Proper management and use of land are dependent upon a number of
factors. These are: past use of the land, ownership patterns, soils,
vegetative type(s), climate, and physiography. Any well-balanced
watershed management program must consider the use and development of
such resources as timber, forage, and wildlife, and social values such as
recreation and esthetics.

Land ownership and administration influence watershed management.
Because a high percent of the Region (64 percent) is in public owner-
ship, public agencies have the greatest opportunity and responsibility
for watershed improvement.

Large blocks of Federal lands and most Indian lands are in con-
tiguous ownership. When the ownership pattern is not diversified and
scattered, administrators can more effectively protect and enhance
watershed values as part of the multiple-use program.

The state and private lands have resulted from various public land
laws, This resulted in these lands being interspersed with other
ownerships. Planning and development of effective watershed management
programs are very complex where many different ownerships and management
policies are involved.

In order to select effective management and treatment practices,
information such as soil depth, texture, origin and the nature of the
underlying material must be evaluated. These factors determine the
erodibility of the soil and its ability to receive, transmit, and store
water.

The vegetative types within the Region represent extremes from the
true desert and the ephemeral southern desert shrub type to the true
alpine type. Each vegetative type requires different treatment and
management programs, because of different erosion hazards, runoff con-
ditions, and sediment and water yield potential.

Climate and physiography must also be considered in developing a
watershed management program. The interrelationship of all or a
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Area converted from chaparral to grass for increased water yield and
improved forage
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combination of some of the following factors have an influence. These
factors are: slope and aspect, rainfall (amount, seasonal distribution,
storm intensity, duration and pattern), and amount and character of
snowfall,

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. Major land use changes have occurred.
The growth of urban populations has resulted in land being shifted from
irrigated agricultural production to urban use. Recreation demands have
expanded rapidly as has most other uses. Through multiple-use management,
attempts are being made to meet these increasing demands.

Erosion

Soil erosion within the Region is a significant problem. Erosion
causes damage in the following ways: (1) sheet erosion and flood plain
scour reduce productivity of the soil and increase costs, and (2) stream-
bank and gully erosion result in land loss, land depreciation, fish and
wildlife habitat damage, damage to improvements and facilities, and
increased land management costs. FErosion damage can be materially
reduced by proper land treatment and management.

Approximately 60 percent of the land within the Region experiences
slight to severe erosion and is generally considered to require some
form of land treatment. The remaining 4O percent of the land does not
require treatment because the measures have already been applied; the
problem is minor; or, erosion treatment is not feasible,

Erosion of high forest lands is usually slight and generally occurs
in the form of sheet and gully erosion brought about as the result of
road construction, heavy grazing, logging operations, or other uses
that disturb the soil mantle. At the lower elevations, areas of
moderate to severe gully and sheet erosion occur.

Erosion of rangeland varies widely from severe to slight, although
generally it is slight. Areas of severe erosion are characterized by
valley trenching and moderate to severe sheet erosion.

Average annual erosion damage on forest land and rangeland (1965
prices and conditions) is estimated to be about $6.1 million, of which
about 50 percent is due to loss in land productivity.

Erosion of cultivated land is primarily in the form of sheet
erosion but bank erosion also destroys some of these lands. Some
scouring occurs when these lands are flooded. Average annual losses -on
cultivated land from erosion in the Region were estimated at about
$527,000 under 1965 prices and conditions, of which about three-fourths
are due to loss of productivity.
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Table 39 in the Land Resources and Use, Watershed Management
Appendix presents a breakdown of average annual erosion damage by
subregion.

Sediment Yield

Sediment yield is the volume of sediment carried out of a watershed
or to any point of concern within the Watershed. It is a function of
both the amount of gross erosion in the watershed and the capability of
the stream system to transport eroded materials. Sediment yield rates
are grouped into five classes.

The following table shows the acreage and percentage of land in
each sediment yield class in the Region by subregion.

Table B-16
Acreage and Percent of Land in Each Sediment Yield Class
Lower Colorado Region

Unit: 1,000 Acres
Sediment Yield Classes
1 2 3 b 3
3.0% 1,0-3,0*% 0.5-1,0% 0.2-0,5*% 0.,2%
Subregion Ac. % Ac. % Ac. % Ac. % Ac. %

L.M, Stem O O 1,955 2.2 3,321 3.7 17,759 19.7 12,910 14,3
L. Colo. 0O O 3,167 3.5 3,861 4,3 4,866 5.4 5,358 6.0
Gila 0 o0 0 0 5,467 6.1 21,517 23.9 9,806 10.9
* Acre-feet per square mile per year.

The Sediment Yield Map, following page XVIII-68, shows the general
location and extent of sediment yield classes 2 through 5 within the
Region.

Water Supply Deficiency

Decreasing ground-water level and limited surface-water supplies
are major problems in most parts of the Region. Well drilling for the
purpose of new land development is restricted in some areas. A defi-
ciency in the supply of surface water results in improper livestock
distribution in many grazing areas.

Average annual runoff varies widely. Runoff averages 0.05 inches
or less in the desert to as much as 8 inches in the mountainous areas.
There is a need to treat some watershed areas to increase and regulate
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water yield in order to help fulfill the ever-increasing onsite and
offsite water requirements. This requires carefully coordinated
management practices that increase water yield, and simultaneously
minimize impacts on or enhance other resource values.

Drainage Deficiency

Drainage problems within the Region are usually associated with
irrigation and become apparent only after the land has been irrigated
for some time. As new lands are developed, drainage problems may be
expected.

Wildfire

Danger from wildfire on the forest and range lands may be and
usually is present some place in the Region during every month of the
year, Wildfire usually destroys both plant cover and the litter or
duff leaving the soil wholly unprotected and resulting in decreased
infiltration, increased overland flows and accelerated erosion. Damages
include sediment deposition in reservoirs, streams, and irrigation
systems, and floodwater and sediment damage to urban and industrial
developments. Wildfires bring about a destruction of the humus within
the upper soil mantle, resulting in a lowering of infiltration rates,
an acceleration of runoff, and sometimes producing the condition
referred to as "nonwettability," with resultant increases in erosion
rates and high sedimentation.

An average annual burned area from wildfire in the Region is about
45,000 acres (1965), about equally divided between range and forest
land areas. The average annual damage (including the resource value
lost and improvements) is estimated to be about $5.7 million.

Summary of Practices and Measures

Over the past several years, significant advances have been made
in management practices and techniques by landowners and public land
managers.

Although most land has had some treatment, 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
cropland in the Region. While most public forest and range lands
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

XVIII-TO



PRESENT STATUS

and treatment needed for the efficient 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, All will
require maintenance and rehabilitation.

Management programs, developments, and practices that have been
installed on public and private lands as of 1965 include measures pri-
marily for reducing erosion and sedimentation, and controlling runoff.
Also installed are measures for improved grazing management. In the
first category are: measures for bank and/or channel protection,
stabilization structures, terraces, minor dikes and levees, floodwater
diversions, floodways, and channel improvement. In the second category
are improved grazing management, fencing, stock-water developments, and
reseeding, In 1965, most land received some degree of wildfire pro-
tection. Vegetative and resource management have been provided on over
2,500 square miles. This is primarily for increased water yield and
forage.

As of 1965, work involving 1,577 square miles in 11 upstream water-
sheds had been authorized. Of the total projects authorized, 6 had
been completed.
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FLOOD CONTROL

Major flood problems exist at unprotected cities and in highly
developed agricultural areas throughout the Lower Colorado Region.
Floods cause recurrent damage of major proportions by cutting stream-
banks, changing the shape and location of channels, and eroding farm-
lands; inundating farmlands and urban areas; and damaging and destroying
irrigation, communication, utility and transportation facilities.

Floodwaters of the tributary streams are heavily laden with sedi-
ment eroded from the land surface and scoured from the channels. During
summer floods on the tributaries, when the main streams are not usually
in flood, the force of the peak flows from the side streams is dissi-
pated rapidly in the main channel and much of the silt load is deposited,
causing divided channels and meandering flow in the mainstreams.

Flood control and flood damage prevention measures include flood
forecasting, protective structures, watershed management and treatment
practices, and flood plain management,

Flood forecasting includes the formulation and public dissemination
of weather, river stage, and flood forecasts and warnings. These
forecasts and flood warnings are provided to local people in areas
threatened by floods to permit organizing for flood fighting and rescue
activities. Agencies with operational responsibilities of dams and
reservoirs use this information, together with that from their own
hydrological networks in the drainage basin above their respective
reservoirs, to regulate outflow from reservoirs to minimize downstream
damages. Water year, seasonal and residual volume forecasts are made
for 14 river gage locations in the Lower Colorado Region. These fore-
casts are made the first of each month during the potential flood
season, January through May.

Flood protection structures include reservoirs, channel improve-
ments, levees and dikes, channel stabilizations structures, and
retarding basins for water and sediment. There are 19 existing reser-
voirs (1,000 acre-feet or more) with total flood control storage of
10,700,000 acre-feet providing structural protection for the Lower
Colorado Region. These are supplemented by four major reservoirs in
the Upper Colorado Region which control practically all inflow to
Lake Mead. One recently completed major structure, Alamo Dam, provides
an additional 838,000 acre-feet of flood control storage and will con-
trol floods originating in the Bill Williams River Basin. In addition,
major reservoirs on the Gila, Salt, Verde, and Agua Fria Rivers provide
some protection for the metropolitan area of Phoenix and the agricultural
districts along the rivers. Flood protection measures which include
about 143 miles of levees and 120 miles of channel improvements provide
varying degrees of flood protection to urban and agricultural areas.
See map following for existing improvements.
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2. FLAT ToP (v)
3. IVERSON (v)
4. MATHEWS CANYON (v)
5. PINE CANYON ()
6. RAILROAD WASH (u)
7. CREIGHTON (v)
8. H-X ()
9. SAN SIMON ()
10. WHITLOW RANCH (v)
I. CAVE CREEK (v)
12. MCMICKEN (v)
13. UPPER CENTENNIAL (0)
I4. LOWER CENTENNIAL (0)
15. PAINTED ROCK (0)

@ LEVEE AND CHANNEL PROJECTS

|. COLORADO RIVER (0)
2. YUMA VALLEY (0)
3. GILA RIVER (0)
4. HOLBROOK (p)
5. TUCSON DIV. (v)
6 GREENE WASH (0)

@ ATERSHED PROJECTS %

I. ARROYOS NO. | (V)
2. FRYE-STOCKTON (v)
3. MAGMA (v)
4. WHITE TANKS (V)

% THESE PROJECTS INCLUDE RESERVOIRS,
CHANNELS, LEVEES, AND RELATED
LAND TREATMENT AND MANAGEMENT
MEASURES.

COMPREHENSIVE FRAMEWORK STUDY
LOWER COLORADO REGION

EXISTING IMPROVEMENTS
FOR FLOOD CONTROL
AND
RELATED PURPOSES
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The Salt River overflowed its banks at Tempe, Arizona, December 1965-January 1966.




Streambank erosion

Irrigation canal and road damage
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Floodwater and sediment damage to young citrus grove

Floodwaters spreading over irrigated cropland
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PRESENT STATUS

Land treatment and management practices under existing programs,
while smaller in scope, have significant offsite effects in reducing
erosion and sedimentation, controlling runoff, and prolonging the life
of downstream detention and storage facilities. Practices and measures
installed as of 1965 which have these effects are reported in the land
treatment and management section.

Prior to and including 1965, flood plain management programs to
insure proper use of flood plain lands have not been widely established
in the Region. Statutes of the several states concerning flood plain
management are inadequate to prevent encroachment on overflow areas.
Flood plain regulations used by communities to exercise some control
on the extent and type of development on lands subject to flooding
include use of zoning ordinances, health regulations, building codes
and subdivision regulations.

Completed flood control structures consisting of reservoirs, levees,
channel improvements, and watershed projects have prevented an estimated
$110,400,000 cumulative flood damages to 734,000 acres through 1965.
Although the flood damages prevented are an impressive amount, future
flood damages are likely to rise because of continued agricultural and
urban growth in flood prone areas.

In 1965, there were approximately 164,000 acres of urban land and
over one million acres of cropland subject to flooding within the Region.
In addition, about 4.3 million acres of forest and rangeland are subject
to flood damage.

Flood damages are classified as either downstream or upstream. In
general, downstream flood damages are those occurring on the main stems
and major tirbutaries, and upstream flood damages are those experienced
on the smallér tributaries (having drainage areas of less than 250,000

acres) 1/.

Based on the 1965 level of flood plain development and protection,
estimated average annual flood damage within the Region is estimated to
be about $40.8 million. Of this amount approximately $21.3 million is
agricultural damage and $19.5 million is nonagricultural damage. Of the
total damage, 30 percent is in downstream areas and 70 percent is in
upstream areas. The estimated average annual flood damages under 1965
conditions are presented in Table B-17.

;/ (a) This presentation of flood damage data by upstream-downstream
categories in no way determines the agency responsible for the
solution of the flood damage problems and (b) data presented include
major urban damages in upstream areas.
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Table B-17

Estimated Average Annual Flood Damage - 1965

Lower Colorado Region

Flood damage 1/ - ($1,000)

Forest Other Resi- Indus-
Forest & & range agri- dential trial Public Study
range re- facili- Crop & cul- & com- & util- facil- Area
Subregion and Study Area sources ties pasture tural Land wmercial ities ities Total
LOWER MAIN STEM
Colorado River 10 135 656 411 197 394 99 1,268 3,170
Virgin River 2 35 84 10k 32 78 10k 251 690
Las Vegas Wash 1 20 0 0 T T40 198 209 1,105
Lower Gila River 0 5 1,609 1,86k 181 245 Ll 1,137 5,085
Subregion Total 13 195 2,349 2,379 17 1,L57 L5 72,865 10,120
LITTLE COLORADO
Little Colorado River,
New Mexico 0 12 79 32 18 L1 19 7 348
Little Colorado River,
Arizona(incl. Puerco River) 1 28 48 69 10 219 Lo 280 695
Little Colorado River,
Arizona (below Puercc River) 5 _15 35 55 T 214 132 86L 1,387
Subregion Total [ 115 162 156 35 L7k 191 1,201 2,430
GILA
Gila River, New Mexico L L8 163 73 49 T 2 112 458
Gila River, (State line to
Coolidge Dam) 6 62 498 517 159 191 13k 615 2,182
Gila River, (Coolidge to
Salt River) 0 2 1,185 933 323 621 272 1,014 4,350
Santa Cruz 5 50 2,940 1,207 597 1,355 688 1,588 8,439
Salt River 10 75 639 657 136 4,478 1,453 1,812 9,260
Gila River (Salt River to
Painted Rock) 0 _15 1,223 935 287 170 56 834 3,520
Subregion Total 25 252 6,648 4,322 1,551 6,822 2,605 5,975 28,200
Region Total Ly 562 9,159 6,857 2,003 8,753 3,241 10,131 40,750

i/ Damages are based on July 1965 prices, economic conditions and project conditions.




PRESENT STATUS

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, uneconomic pumping
costs, government farm programs, and other factors. Of the remaining
1,190,000 acres irrigated, a substantial portion was plagued by a similar
list of problems. About 125,000 acres were double cropped in 1965.

Approximately 76 percent of the Region's irrigation is in the
Gila Subregion with about 22 percent and 2 percent occurring in the
Lower Main Stem and Little Colorado Subregions, respectively. Nearly
94 percent of the total irrigation is in the southern third of the
Region where long growing seasons favor double cropping and increase
the irrigation water demand. See irrigated land map following.

Oof the 1,315,000 acres under irrigation in the Region in 1965
(including double cropped acres), only about 280,000 acres depend
entirely on surface waters. About 417,000 acres require supplemental
ground water and 618,000 acres depend entirely on a ground-water source
of supply. Table B-18 shows the distribution of irrigated lands
according to water sources.

Due to the high average summer temperatures in the major portion
of the irrigated area, a high evapotranspiration rate occurs requiring
average irrigation withdrawal rates of over 6 acre-feet per acre and
in some areas withdrawal rates may be over 10 acre-feet per acre because
of soils having high infiltration rates.

Seven crops accounting for nearly 95 percent of the total harvested
acreage under irrigation in the Region are listed in Table B-19.

There is a very intense recycling and reuse of irrigation water.
Consumptive use and percolation result in the concentration of dissolved
solids in the water. The results are that damaging concentrations are
being built up at the lower elevations of the Gila Subregion, and in
the lower part of the Lower Main Stem Subregion. Ground water is
annually becoming less capable of offsetting these effects because of
the dropping water table and deterioration of water quality.

Thus, it appears that there was sufficient water available in the
Region in 1965 to irrigate the 1,315,000 acres but the profits from a
large portion of the irrigated acreage were being reduced by deteri-
orating water quality and the increasing costs of pumping ground water.
Table B-20 presents estimated water withdrawals for irrigation purposes
in 1965 for the Region by subregion and state.
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Table B-18
Irrigated Cropped Areas by Water Source - 1965
Lower Colorado Region

Unit: 1,000 Acres
Irrigated by Water Source

Total 1/ Surface
Cropped and

Subregion Lands Surface Ground Ground
Lower Main Stem 293 2hg 38 6
Arizona (223) (194) (23) (6)
Nevada (M9) (36> (13) (O)
Utah (21) (19) (2) (0)
Little Colorado 28 16 L 8
Arizona (22) (10) (4) (8)

New Mexico (6) (6) (0) (0)
Gila 9ok 15 576 403
Arizona (961) (9) (554) (398)

New Mexico (33) _(6) (22) _(5)
Total Region (acres) 1,315 280 618 417

l/ Includes 125,000 acres of land double cropped, of which 29,000 acres
were in the Lower Main Stem and 96,000 acres were in the Gila

Subregion. :
Table B-19
Acreage of Major Crops - 1965
Lower Colorado Region
Unit: 1,000 Acres
Crop Acreage
Alfalfa 208
Barley 170
Citrus 39
Cotton 345
Pasture Q2
Sorghum 186
Vegetables 75
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Table B-20
Water Withdrawals for Irrigation - 1965 1/
Lower Colorado Region

Unit: 1,000,000 Acre-Feet

Subregion and State Surface Ground Total
Lower Main Stem 1.83 0.4k 2.27
Arizona (1.62) {0.39) (2.01)
Nevada (0.12) (0.0L) (0.06)
Utah (0.09) (0.01) (0.10)
Little Colorado 0.05 0.06 0.11
Arizona (0.0k4) (0.06) (0.10)
New Mexico (0.01) -- (0.01)
Gila 1.13 L.26 5.39
Arizona (1.09) (4.19) (5.28)
New Mexico (0.04) (0.07) (0.11)
Total 3.01 4,76 7.77

1/ CEstimated actual withdrawal was less than estimated requirement.

Drainage

Drainage problems in the Lower Colorado Region are generally asso-
ciated with irrigation. These problems have been caused by three factors:
poor management of irrigation water, restricted permeability of layer or
horizon in the soil, or topographic relief of the area being irrigated.
Each of these factors, singly or in combination, causes water to accumu-
late in and/or on the soil faster than it can be used by plants, evap-
orate, or percolate through the soil. As a result, adequate aeration
is precluded, thus adversely affecting plant production.

Millions of dollars have been spent on correcting drainage prob-
lems. These problems generally become apparent after the land has been
irrigated for some time. Most of the land that has been irrigated has
had some drainage problems.

The measures, practices, and facilities have been instrumental in
saving and more efficiently using the available water and in treating
the drainage problem.
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MUNICIPAL AND INDUSTRIAL WATER

Water Use

The estimated withdrawal requirements for domestic, manufacturing,
livestock, governmental, commercial and other M&I water uses in the
Lower Colorado Region was 450,200 acre-feet in 1965. The estimated
depletion requirement for these uses was 197,900 acre-feet. Estimated
regional withdrawal and depletion for M&I water uses are shown in
Figure B-9.

Domestic

Regional domestic uses of water, including municipal-domestic and
rural domestic, had the largest withdrawal and depletion requirements of
the M&I water uses. A population of 1,877,000 within the regional eco-
nomic boundary had an average domestic withdrawal rate of 129 gallons
per capita per day and an average domestic depletion rate of 65 gpcd.
Domestic depletion requirements were estimated to be about 50 percent
of domestic withdrawal requirements. The Gila Subregion had the largest
subregional domestic requirement.

The uses of domestic water are very familiar and can generally be
categorized as being exterior or interior uses. Exterior uses include
lawn and plant watering, swimming pools and car washing. Interior uses
include bathing, laundering, sanitation, dishwashing, garbage disposal
operations, cooking and food preparation.

Most domestic uses of water do not have high consumptive requir-
ements., The use of water for lawn and plant watering is an exception.
Virtually all of the water used for lawn and plant watering is consumed
which accounts for the large domestic per capita water depletion rate
in the Region. Desert landscaping which could reduce the amount of
water used in lawn and plant watering was not extensively used in 1965,
The esthetic values of the regional population will have to change
drastically before desert landscaping becomes important as a water
conservation alternative.

Domestic air conditioning which relies upon the evaporation of
water for cooling can have a high consumptive requirement. Economical
developments in air conditioning technology have resulted in a signif-
icant amount of replacement of evaporative cooled equipment with refrig-
erant cooled equipment throughout the Region. The result has been a
decrease in the consumptive use of water.

Domestic water requirements exhibit definite seasonal variations.

Withdrawal requirements vary from a maximum during the summer months of
about 170 percent of the average monthly requirement to a minimum during
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FIGURE B-9
MUNICIPAL AND INDUSTRIAL WATER USE-1965
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PRESENT STATUS

the winter months of about 40 percent of the average monthly requirement.
Peak demands occur primarily during the months of June, July, and

August.

Manufacturing

Manufacturing industries require water for a variety of uses
including cooling, steam generation, process, sanitary and other water
uses. Water for cooling and steam generation is required in most
manufacturing industries and accounts for about 70 percent of the total
manufacturing water use in the Region.

Water requirements of the manufacturing industry are met by with-
drawals and by recirculation and reuse. Withdrawals by manufacturing
industries in the Lower Colorado Region are increasing. There is,
however, a trend toward decreasing unit withdrawal rates as indicated
by the increasing recirculation ratio which was considerably higher
than the national average in 1965. Water conservation measures are
necessary in the Region because of the scarcity of adequate supplies
in many areas.

The manufacturing demand for water does exhibit seasonal variations;
however, seasonal patterns are not as predictable as for domestic water
use, Some manufacturing industries require significant increases during
the summer months for air conditioning and lawn watering purposes.

Other manufacturing industries, such as some firms in the food and
kindred products industries, require major increases in the fall months
when raw food products are ready for processing. Manufacturing industry
water demands vary generally from a maximum of 120 percent of the
average monthly requirement during the summer months to a minimum of

80 percent of the average monthly requirements during the winter months.

Livestock

Livestock water requirements were significant throughout the Region
with the largest requirements being in the Gila Subregion. Livestock
water requirements depend upon climatic factors; species, age, and
condition of the animal; nature of the diet; and upon water management
practices. Virtually all of the water required for livestock purposes
is consumed by the animals, by surface evaporation, or lost to seepage.

Livestock water requirements are seasonal in nature, Maximum

water requirements generally occur during the month of August and
amount to 125 percent of the average monthly requirement.
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Governmental

Governmental water depletions were about 10 percent of govern-
mental withdrawal requirements. The Gila Subregion had the largest
governmental water requirements.

Governmental requirements for water result from a wide range of
Federal, state, and local governmental activities. A variety of
factors affects these requirements; climate is probably the most signif-
icant factor, and cost of water is the least significant. Some of the
governmental uses of water include supplies for: public buildings
such as post offices, schools, hospitals, and office buildings, military
installations; watering public lawns, parks, &nd golf courses; fire
control; street cleaning; public swimming pools; and various research
activities. There are 8 military installations in the Region which
have significant water requirements. Governmental water requirements
are seasonal in nature and are greatest during the summer months.

Commercial and Other

The water depletions by commercial and other uses were about
32 percent of the withdrawal requirements. The Gila Subregion had
the largest commercial and other water requirements.

Commercial requirements for water refer to the requirements of
the trades and services industries. These requirements depend pri-
marily upon two factors; per caepita income in an area and the extent
to which commercial services are provided for a transient rather than
a permanent population. This latter factor is particularly relevant in
the Lower Colorado Region because of the large tourist industry.

Commercial uses of water are varied and closely approximate the
domestic uses of water. Commercial water uses exhibit seasonal var-
iations with a maximum during the summer months of 120 to 180 percent
of the average monthly withdrawal requirement. Minimum requirements
during the winter months range from 50 to 80 percent of the average
monthly withdrawal requirement.

Water requirements for the contract construction industry have
been included in the commercial and other uses category. Water uses
in the contract construction industry include dust control, batching
of concrete, and various washing processes.
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OUTDOOR RECREATION

Existing Development

The Federal Government, through several agencies, assists the
states and other interests in the Region in providing outdoor rec-
reation. There are more than 94 bureaus, independent offices, agencies,
boards, commissions, committees, and councils presently involved with
outdoor recreation, of which most are concerned with recreation in
some form in the Lower Colorado Region. The existence of these programs
blanketing the broad spectrum of Federal, state, and local agencies is
probably responsible for the present status of outdoor recreation in
the Lower Colorado Region.

The regional use of available outdoor recreation resources in 1965
ranged from the intensively developed and utilized city parks, such as
Encanto Park in Phoenix, to undeveloped primitive areas typified by the
Gila Wilderness of western New Mexico and the Mazatzal Wilderness area
south of Payson, Arizona. All levels of government, and the private
sector in some measure, provided recreation resources and recreation
development for public enjoyment.

The Region, which comprises 90,327,000 acres including about
340,000 surface acres of water (at maximum storage pool), is largely
owned or controlled by public agencies. Table B-9, Land Ownership and
Administration - 1965, indicates the major land ownership divisions.
The Bureau of Land Management and the Forest Service together, control
about 80 percent of the Federal land holdings.

The lands available and suitable for outdoor recreation within the
Region total about 68,000,000 acres and include private as well as
public lands. Table B-21 indicates the distribution of recreation land
by recreation land class for public agencies. Although private lands
were not inventoried by recreation land class, a substantial amount
(about 80 percent) of the total private land holdings is available to
some degree for outdoor recreation purposes., Indian Trust lands, con-
sidered as private in this study, offered another potentially great
recreation resource. Because much of the Indian Trust lan<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>