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SUMMARY

This appendix,presents the results of comprehensive investigations
for formulation of framework plans to provide a broad guide to the best
use, or combination of uses, of water and related land resources to meet
foreseeable needs. It provides appraisals of natural resources and their
geographic distribution, projections of future requirements, associated
problems and needs, and presents a framework program and alternatives to
serve as a general guide for resource development and conservation to the
yvear 2020, with intermediate objectives to the years 1980 and 2000.

The Upper Colorado Region comprises the drainage of the Colorado
River above Lee Ferry, Arizona, and the Great Divide Basin in south-
central Wyoming. The region includes parts of Arizona, Colorado, New
Mexico, Utah and Wyoming and totals 113,496 square miles in area. Nearly
two-thirds of the land is in public ownership.

The region is sparsely populated, averaging only three persons per
square mile. Only Grand Junction, Colorado, and Farmington, New Mexico,
exceed 20,000 population. The 1965 population of 366,000 is projected to
nearly double by 2020.

The region is and probably will remain largely an exporter of raw
and partially processed materials and other resources, including water
and an importer of finished products. A majority of the available water
is now committed to downstream delivery and transmountain diversion. The
minerals industry is engaged in mining, partial refining, and transport
of numerous commodities to other areas for finished processing and
manufacture.

Agriculture is livestock oriented. Beef cattle and sheep are pro-
duced on the range and irrigated-farm base and are then mostly marketed
outside the region, About 87 percent of the projected production of
electrical energy will be exported. The bulk of mineral production will
be for petroleum, uranium, coal, molybdenum and trona production.

Outstanding opportunities are available to local residents to par-
ticipate in year-round recreation activities. A great number of visitors
from adjoining regions and throughout the United States also enjoy the
fishing, hunting, skiing, camping, and other outdoor sports.

The Office of Business Economics and Economic Research Service (OBERS)
March 1968 projections were modified to better fit the situation in the
region.

These modified projections are designated as the regionally inter-
preted OBERS (RI OBERS) projections and are the basis for the framework
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SUMMARY (Continued)

plan. This plan is described in detall and then is followed by alterna-
tive plans that reflect emphasis on different uses for the available water
supplies and resources. The alternative plans are identified as:

1. States' alternative to the framework plan (6.545 million acre-
foot) level of development,

2. GStates' alternative at the 8.16 million acre-foot level of
development, and

3. States' alternative for water supply physically available at
site in the region (9.44 million acre-feet).

Comparisons of the framework plan and alternate levels of development
are shown in the table on the following page.

The proposed levels of development meet the requirements of OBERS
projections and use the available resources of the region in varying de-
grees. Water in the region, as in all semiarid areas, is the limiting
criterion. However, it appears that the commitments of the Colorado River
Compact can be met and, except for some water deficiency for fish and wild-
life uses in Arizona and New Mexico and local shortages during low stream-
flows, on-site demands can be met for the 6.5 MAF development level. At
higher levels, augmentation will be required.

Costs have been estimated ornly for the framework plan. Installation
and anrnual operation, maintenance, and replacement (OM&R) costs for water
related and associated development for the 1966-80, 1981-2000, and 2001-
2020 time frames are shown,in the following tabulation:

r

Development costs for_ framework plan

($1,000)4
Water Associated Total
development development development
Installation
1966-1980 1,190,300 2,700,840 3,891,140
1981-2000 1,074,350 5,982,310 7,056,660
2001-2020 658,780 1,397,680 2,056,460
Anrumal OM%R (change
by end of period)
1966-1980 17,540 215,950 233,490
1982-2000 20,290 452,780 473,070
2001-2020 9,440 (-)21,720 (-)12,280

l/ A Federal -non-Federal breakdown is included in the section on
costs.
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SUMMARY (Continued)

Comparison of framework plan and alternatives

for water and

selected

related requirement

a

8,
Upper Colorado Regior
States' alternatis
6.5 8.16
Frame- million million
work acre~ acre=-
1965 plan feet at site
{ base in 2020 in 2020 in 2020 ir
pepletions
Irrigation 2,128 3,294 3,297 3,658
Export 551 1,653 1,455 0
ther uses 132 941 2,336
Less import (-)3 (-3 ()3 (=23
Subtotal 2,80 5,885 5,865 8,761
Main-stem reservoir
evaporatior 1,000 aec.-ft. 6l 7 560 660 & 660
Total 3,051 6,545 6,545 3,160 ERAN
Agricultural Activity
rrigated land 1,000 acres 1,622 2,122 2,354 2,579
Dry cropland 1,000 acres 603 503 503 503
Range grazing production 1,000 AUM's 6,368 7,005 ,665 8,392
limber production Mil. cu. ft. L8 340 340 ko
Industrial Activity
Electric power
Thermal Megawatts 1,335 L2,081 47,59 50,391
3 Megawatts 1,300 1,300 1,300 1,300
Shale oil Mil. bbl./day 0 0 1.5 L L
>oal byproducts Equivalent
mil. bbl./day 0 0 0.2 0.8 1.¢
otast Tons/day 0 0 4,100 4,100 4,100
Figsh and Wildlife - Recreation
Fish and wildlife
Sport hunting 1,000 man-days 1,268 2 2,634 2,955 3,072
Sport fishing 1,000 man-days 3,547 8, 9,221 9,601 10,0094
Recreation Mil. rec.-days 56 225 225 225 225
Watershed management and Flood Control
Watershed management
Sediment yield reduction Ac.-ft,/yr. 2,764 2,764 2,764 2,764
Flood control "1
Flood damage reduction 1,000 dollars 6,74k 7,063 7,754
Economic Activity (Economic Boundaries)
Population 1,000's 337 660 Th6é a01 |
Employment, 1,000's 111 251 285 W3
Grogss reglonal product Mil. dollars 1,142 10,470 11,712 13,90¢€
Personal income Mil. dollars 730 1578 8,570 10,529
'
i1l
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SUMMARY (Continued)

The average annual expenditures for the on-going water development
program for the 1965-69 period adjusted to the 1965 price level are
$82,120,000, of which about $70,880,000 has been used for the program
and $11,250,000 has been used for OM%R. An increase of about $8,670,000

annually will be needed to accomplish the installation of the 1966-80
portion of the water development programs.
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PART T

INTRODUCTION

This appendix sets forth the national and regional objectives of
planning for the Upper Colorado Region, cites the authorities under
which planning studies are accomplished, and presents a discussion of the
policies, procedures, and constraints which need to be recognized.

The present status of water and related land development is de-
scribed, needs and demand are enumerated, preservation considerations
are outlined, and the water and related land resources that are avail-
able to meet the projected needs are discussed. A regional framework
plan is developed along with alternatives to reflect gross requirements
for facilities and programs for the time periods 1980, 2000, and 2020.
Finally, comparisons are made among the framework plan and the alterna-
tives.

National projections for population, employment, gross national
product, personal income and per capita income were provided by the
Office of Business Economics, Department of Commerce, and the Economic
Research Service, of the Department of Agriculture, and are primarily
an extension of past trends. For this study, these projections are des-
ignated as "OBERS" published in March 1968.

It was necessary to modify crop production needs to be consistent
with projected livestock output as well as to adjust other sectors of
the economy. These data are identified as regionally interpreted OBERS
level of development or "RI OBERS," and are the basis of the framework
plan.

Additional alternatives were developed to reflect capability of the
region to supply goods and services not fully evaluated in the OBERS pro-
Jections.

National Objectives of Planning

The basic objective in the formulation of the framework plans for
the designated regions of the Nation is to provide the best use, or com=-
bination of uses, of water and related land resources to meet foreseeable
needs proJjected to the year 2020. In pursuit of +this basic conserva=-
tion objective, full consideration is given to each of the following
objectives and reasoned choices are made between them when they conflict.

a. Development - National economic development and development of
each region within the country are essential to the maintenance of
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national strength and the achievement of satisfactory levels of living.
Water and related land resources development and management are essential
to economic development and growth through concurrent provision for--

Facilities to store and distribute an adequate water supply of suit-
able quality for domestic, municipal, agricultural, and industrial uses.

Hydroelectric power where its provision can contribute advanta-
geously to a needed increase in power supply.

Reduction of flood damage to a reasonable level by use of both struc-
tural and nonstructural measures.

Land stabilization measures where feasible to protect land for bene-
ficial purposes.

Accelerated intensive forest management practices to meet rapidly
increasing demand for forest products.

Land drainage measures, as required to obtain the best use of land.

Watershed protection and management measures to preserve and enhance
resource use opportunities.

Outdoor recreational and fish and wildlife facilities to enhance
recreational opportunities.

Any other means by which development of water and related land
resources can contribute to economic growth and development.

b. Preservation - Proper stewardship in the long-term interest of
the Nation's natural bounty requires in particular instances that--

There be protection and rehabilitation of resources to insure avail-
ability for their best use when needed.

Open space, green space, and wild areas of rivers, lakes, beaches,
mountains, and related land areas be maintained and used for recreational
purposes, and

Areas of significant natural beauty, historical, archeological, cul=-
tural, and scientific interest, be preserved and managed primarily for
the inspiration, enjoyment, and education of the people.

Regard for the unique character of the region, which should remain
insofar as possible a cpacious, uncrowded land for the enjoyment of all
the people of the United States.
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¢. Well-being of People - Well-being of alll/ of the people shall
be the overriding determinant in considering the best use of water and
related land resources. Hardship and basic needs of particular groups
within the general public shall be of concern, but care shall be taken
to avoid resource use and development for the benefit of a few. In par-
ticular, policy requirements and guides established by the Congress and
aimed at assuring that the use of natural resources, including water and
air resources, ard the preservation and use of historical and archeolo-
gical resources shall be observed in order to safeguard the interests of
all of our people.

Regional Objectives and Goals

The basic objective and goal in formulating the framework plan for
the Upper Colorado Region is to provide a broad guide to determine how
the water and related land resources requirements for the foreseeable
short- and long-term needs might be met. The development of agricultural
resources, the expansion of the industrial base to process and utilize
the vast deposits of minerals and fuels is considered. 1In addition,
many opportunities exist to provide facilities that would attract visi-
tors from outside of the region to enjoy many types of year-round outdoor
recreation, including the excellent fishing and hunting. Thus, this area
of great open spaces could provide some of the essence of a quality
environment for residents and other citizens of the Nation.

Specific objectives inciudes

a. Provide facilities for storage and distribution of the water
supply available from the Colorado River system.

b. Provide structural and nonstructural flood damage prevention
measures to reduce damages from floods.

¢. Manage watersheds to preserve and enhance the land and water
for multiple uses and reduce soil erosion and sedimentation.

d. Increase livestock and crop production from irrigated and range
lands.

e. Encourage exploration, mining, and processing of the minerals
and fuels available.

l/ The existing Colorado River Compact imposes obligations on the
region and specifically reserves water for use of the States of the
region in relation to other areas of the Colorado River drainage.
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f. Develop the timber resources to realize the appropriate sus-
p k i
tained yield.
g. Protect and enhance the natural environment and the significant

historical, archeological, and cultural resources, and salvage scientific
data that will otherwise be damaged or destroyed by development activities

Authorization

The Upper Colorado Region is one of the river basins in the United
States included in a nationwide program of comprehensive river basin
planning for the development, use, and management of the water and related
land resources. This program stems from recommendations of the Senate
Select Committee on National Water Resources, which were presented by the
President in the Fiscal Year 1963 budget.

The Water Resources Planning Act (P.L. 89-80, July 22, 1965) estab-
lished the Water Resources Council. The President transferred the func-
tions and committee organization of the Interagency Committee on Water
Resources to the Water Resources Council on April 10, 1966. This trans-
fer included the Pacific Southwest Interagency Committee (PSIAC). By
letter of October 10, 1966, the Water Resources Council requested the
PSTAC to take leadership and coordinate the comprehensive studies in the
Pacific Southwest, including the Upper Colorado Region. PSIAC accepted
this responsibility by letter of November 21, 1966. Funds were provided
and an organization meeting to begin the Upper Colorado Region study was
held on January 31, 1967. The Upper Colorado River Commission was subse-
quently designated as the chair agency.

The States of Arizona, Colorado, New Mexico, Utah, and Wyoming and
the Upper Colorado River Commission participated with the following
Federal agencies in this investigation:

a. Department of Agriculture - Soil Conservation Service, Economic
Research Service, and Forest Service.

b. Department of the Army - Corps of Engineers.

c. Department of Commerce = National Weather Service; Economic
Development Administration.

d. Department of Health, Education, and Welfare = Public Health
Service,

e. Department of the Interior = Bureau of Indian Affairs, Bureau
of Land Management, Bureau of Mines, Bureau of Outdoor Recreation, Bureau
of Reclamation, Bureau of Sport Fisheries and Wildlife, Geological Sur=-
vey, National Park Service.
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f. Department of Transportation - Federal Highway Administration.

g. Environmental Protection Agency - Water Quality Office.

h. Federal Power Commission.

Planning Policies, Procedures, and Constraints

Comprehensive framework planning for the Upper Colorado Region
required a coordinated analysis for all water and related land use with
onsideration of the constraints and controls imposed by the physiography

f the region, the overall short water supply, and the legal and insti-
tutional environments and preservation of environmental values. The
Upper Colorado Region study concerns the upper half of the Colorado River
Basin and the Great Divide Basin. The division of the Colorado River
Basin was defined by an interstate compact specifying upper and lower
basin water use allotments, priorities in types of uses, and downstream
delivery requirements. Furthermore, an International Water Treaty sets
forth obligations of the upper and lower basins under certain conditions
to provide water for Mexico; under other circumstances this obligation
will be assumed by the United States as specified by P.L. 90-537. Each
of the seven Colorado River Basin States has separate water codes and,
in addition, the five Upper Basin States have agreed to their relative
uses of Colorado River water through an interstate compact. Thus, as
would be expected, there are certain necessary departures from the afore-
mentioned unifcorm national objectives, standards, and procedures due to
the existing constraints imposed by these State and Federal agreements.

The largest present use of water is for irrigation. This use ranges
from the small diversions by the individual landowner to the major stor-
age and diversion works of the Federal projects. Irrigated crops contri-
bute substantially to the economy and the development of new irrigation
projects has a significant impact on local areas and the region. There-
fore, the large irrigable areas considered in alterrative plans must be
anal; z-d on an area or regional basis.

The base year, 1965, was adopted for purpose of the plan formulation.
All projects either developed during the period 1965-T0 or funded by
July 1968 are considered available to meet 1980's demands. The year 1970
was not treated as a "projection" year in the same sense that 1980, 2000,
and 2020 were considered throughout the study. Data for the study are
generally presented by regional, subregional, and state breakdowns.

The procedure in formulating the comprehensive plan was first to
prepar : the following appendices:

Appendix III - Legal and Institutional Environments
Appendix IV - Economic Base and Projections
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lix V - Water Resources
Appendix VI - Land Resources and Use
Appendix VII - Mineral Resources
Appendix VIII - Watershed Management
Appendix IX - Flood Control

I

pendix X - Irrigation and Drainage
pendix XI - Municipal and Industrial Water
Appendix XII - Recreation
ppendix XIII - Fish and Wildlife
Appendix XIV - Electric Power
Appendix XV - Water Quality, Pollution Control, and Health Factors

Plans and programs from the foregoing appendices constituted the
asis of this appendix. One region in the Pacific Southwest considered
wo additional appendices - XVI, Shore Line Projection and Development,
and XVII, Navigation. These are not presently applicable to the Upper
Colorado Region. Recreational navigation was considered in the recr:
tion appendix where appropriate.

~+ o

.

A regional determination of water requirements for all uses was
made. In selecting a general plan of water and land development,
general consideration was given to cost-repayment capacity relati
inasmuch as practically all such development is covered by existing
authorization. The remaining portion of the plan is based essentially
upon reasorned approximations and the judgment of experienced planners.

Policy and constraints statements adopted by PSIAC and used in this
study follow.

Water exp rt/imp\rt constraints

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

The distribution of water between regions is made in accordance with
existing Federally approved compacts or legal agreements. In some cases,
decisions had to be made as to the future division of water between
regions within a state.

Allocation of water among competing areas and 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 Jjurisdictional arrangements. FEstablished
water rights have inherent economic value and are normally associated with
beneficial use of specific land or property. Western history and western

- - =R PO L . ~r " guical e — >
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water law record the extreme sensitivity of questions associated with
allocation of water resources among competing areas and uses.

Experience has shown that expanding urban areas almost always have
adequate capacity to pay whatever reasonable cost is involved in obtain-
ing a supplemental water supply.

In recognition of the foregoing, it is concluded that the basic
assumptions necessary to follow in Type I planning are along the follow-
ing lines:

1. Water presently being beneficially used will not be diverted t
supplement growing urban or industrial demands, except where urban or
industrial growth occupies land on which water is beneficially used for
another purpose.

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 organizational
unit). This study will rely on appropriate state laws or policies for
determination of priorities of use among competing areas and uses.

4, The ocean should be considered available and plans for its use
as a water resource could be included.

Water quality criteria

Consideration of water quality will provide sufficient latitude to
permit future growth and full development of water use, provided the
condition of the water does not reflect failure to apply all corrective
measures which are physically possible and economically feasible. These
water quality considerations shall not inhibit application in any way of
existing interstate compacts or court decrees or intrastate appronria-
tion of water.

Wild and scenic rivers

The relationships of Wild and Scenic Rivers to land use, watershed
management, water development, and other functions will be considered.

Environmental quality

Maintenance of environmental quality deserves high priority in plan-

ning for the future, There is perhaps no other area in the 48 coterminous

states which remains as uncontaminated as this region, and every consid-
eration should be given to the type and manner of development which will

A BTN e e T
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keep it this way. Water pollution control can be accomplished within
reasonable limits, air pollution is a problem in only a few limited
localities, and the human population is widely dispersed. Erosion is

a continuing problem that requires appropriate watershed management and
itreatment. This study gives cognizance to these assets for a pattern

of future development which will preserve or enhance the esthetic and
health-related attributes. Development that deteriorates environmental
qualities will be carefully evaluated.
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PRESENT STATUS OF WATER AND
RELATED LAND DEVELOPMENT

This section summarizes the 1965 level of water and land utilization,
management , and development. A brief description is presented of the 1965
uses of water by principal categories of use and by subregion and states.
The present status of the 72.2 million acres of land area is summarized by
use, ownership, soil types, and vegetal cover types. An additional 0.4
million acres are covered by water. Appropriate tables offer ready refer-
ence to gquantitative figures.

Summary of 1965 Water Uses

The total virgin or undepleted supply of water is estimated to be
14.9 million acre-feet annually. This estimate is based upon the computed
outflow from the region as measured at Lee Ferry, Arizona, 1 mile below
the confluence of the Paria and Colorado Rivers for the S2-year period,
1 ;JL)-J"' ”_Jr).

On-site depletions for 1965 related to man's activities in the region
were 3.45 million acre-feet. These depletions include the average annual
uses at the 1965 level of development and the long-term average or normal-
ized evaporation from main-stem reservoirs. Data have been adjusted where
necessary to reflect average conditions that may not have occurred in some
areas during the year 1965.

Estimates of on-site depletions were made specifically for this frame-
work study and are not to be construed as depletions charged to the various
states under the provisions of the Colorado River and Upper Colorado River
Basin Compacts. In particular, they are site-located and do not necessar-
ily reflect direct relationships to streamflow diminishment at Lee Ferry.
In a reconnaissance study of this type, the on-site depletions have been
applied directly in estimating both virgin and present modified flows. His-
toric water shortages to the on-site depletions have been recorded.

By far the largest consumptive use was by the 1.6 million acres of
irrigated crops, associated seeped and incidental phreatophyte areas, and
irrigation reservoir evaporation. These uses account for 62 percent of
the total. Minor water uses for other purposes were municipal and indus-
trial (0.8 percent), minerals and power (1.6 percent), stock-pond evapora-
tion and livestock use facilities (1 percent), and recreation and augmented
fish and wildlife (0.4 percent). Over one-half million acre-feet of water
was being exported from the region by Colorado and Utah. Evaporat ion
losses from main-stem regulating reservoirs, Flaming Gorge and Lake Powell,
for 1965 normalized conditions were 643,000 acre-feet.

9
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For flexibility in analysis and planning, the region has been divided
three subregions designated as Green River, Upper Main Stem, and San
Juan-Colorado. The Great Divide Basin of southwestern Wyoming, not nor-
nsidered a part of the Upper Colorado drainage, is included in the
River Subregion but does not contribute to or deplete Colorado River
waters. Summaries of stream depletions computed by types of use for each
subregion are shown in Tables 1 and 2.

Explanatory notes on some water uses shown in Tables 1 and 2 and de-
scription of the present status of related items of water quality, health
ind flood control follow. '

Municipal and industrial

Tabulated uses include basic municipal, rural household, industry,
iporation of 2,300 acre-feet from 30 municipal reservoirs.

Thermal-electric power

Water was consumed principally for condenser cooling purposes at 10
plants with a total generating capacity of 1.4 million kilowatts.

Fish and wildlife

About 6,700 acre-feet was consumed by 111 fish facilities and 5,000
acre-feet for 10k wildlife facilities. FEvaporation from water areas was
computed only on those installations constructed and utilized primarily
for fish and wildlife.

Recreation

The computed total s based upon a rate of 7.7 gallons per recrea-
tion day for 56 million recreation days of use. No reservoir has recrea-
tion as a dominant purpose except fish and wildlife facilities discussed
previously.

Stock-pond evaporation and livestock use
Average annual evaporation from 22,035 man-made stock ponds with wa-
ter surface area of 14,600 acres used primarily for livestock water was
23,900 acre-feet. Livestock use by approximately 1 million animals (in
cattle units) was 11,000 acre-feet.
Irrigation
Consumptive use on 1,621,500 acres of irrigated cropland was 1,697,300

ascre-feet for 1965 average conditions and cropping pattern. Consumptive
use rates were computed on 61 evaluation areas utilizing the Blaney-Criddle

! 10
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Table 1 = Wa u t 3 " i Upi i
On~gite 18 BOVE~E
Ty pe 1S ¢ Arizona i U fy
Munie nd industrial 1,500 4 g O 5 OO » 4O
Electric power (thermal) » 300 1,300 4 HO( 3,200
Minerals = 1 b) ( 3, TOC
Fish and wildlife 600 ¢ 11, 70C
Recreation A 100 100 1,300
Stock-pond evaporation and
livestock use 1,100 20,700 2,400 6,200 4,500 2, 900
Subtotal 3,200 60,100 22,200 30, 100 14,600 132,200
Irrigation
Consumptive use k4,400 991,300 76,000 Lok,k00 1,697,30C
Incidental use 500 198,700 15,000 81,000 315, 60C
Reservoir evaporation 2,000 21 100 31,700 30,200 114,900
Total irrigation 6,900 1,217,100 122,700 515,600 2,127,800
Export
Diversions k17,100 109, 500 526, 600
Reservoir evaporation 12,300 11,400 23,700
Less water import (2,500) (2,600)
Subtotal of all above 10,100 1,706,600 1LL,000 664,000 282,100 2,807,700

Main-stem veservoir
evaporat ion
Region total

_B42,000
3,450,700

Table 2 -~ Water uses by subregions,

1965, Upper Colorado Region

Jn-si

te depletions in aere-feet

Green Upper San Juan- Region
Type of use River Main Stem Colorado total
Municipal and industrial T,900 12,300 20C 27,400
Electric power (thermal) 6,300 1,600 300 23,200
Minerals 17,200 11,900 4,600 33,700
Fish and wildlife 8,000 1,300 2,400 11,700
Recreation 500 500 300 1,300
Stock-pond evaporation and
livestock use 13,300 11,200 10,400 34,900
Subtotal 53,200 - 38,800 40,200 132,200
Irrigation
Consumptive use 662,400 T47,400 287,500 1,697,300
Incidental use 113,600 167,300 34,700 315,600
Reservoir evaporation L2, 400 16,900 55, 600 114,900

Total irrigation
Export

818,400

931,600

2,127,800

Diversions 109,500 L1k, 600 2,500 526, 600
Regervoir evaporation 11,400 12,300 23,700
Lese water import (2,600) (2,600)
Subtotal of all above 992, 500 1,397,300 417,900 2,807,700

Main-stem reservoir
evaporat ion 67,000 576,000 6l 3, 000
Region total 1,059,500 1,397,200 993,900 3,450,700
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RELATED LAND DEVELOPMENT

method and latest available data on local seasonal crop coefficients. Ad-
Justments were made to reflect present average short water supply on
549,300 acres. Also there were 124,400 acres idle or land not irrigated
in the average year.

Incidental use on water-consuming, noncropped areas was estimated on
those areas which consumed water incidental to the cropped lands as a re-
sult of the practice of irrigation. Incidental use represents 18.6 per-
cent of the consumptive use by irrigated crops.

Reservoir evaporation

Evaporation from 315 reservoirs (other than main stem) was computed
for 1965 normal operation and total 138,600 acre-feet. Estimated evapo~
ration from regulating and exchange reservoirs used in connection with
export was 23,700 acre-feet of the above total.

Evaporation loss from main-stem regulating reservoirs (Flaming Gorge,
67,000 acre-feet, and Lake Powell, 576,000 acre-feet) for 1965 normalized
conditions was 643,000 acre-feet. It should be noted, however, that these
evaporation losses will be charged against the separate states only if
curtailment of use is required in the Upper Colorado River Basin to make
delivery required by the compact at Lee Ferry. The percentages of evapo-
ration to each state woculd then be as follows: Colorado, 51.75; New
Mexico, 11.25; Utah, 23.0; and Wyoming, 14.0.

Water exports

Transmountain diversion records for 39 of the currently operative fa-
cilities were analyzed to reflect 1965 average export of water from the
region. Normalized 1965 discharge by 22 diversions in Colorado was hl?,lOO
acre-feet and by 17 diversions in Utah was 109,500 acre-feet.

Diversions in Utah of 109,500 acre-feet were to the Great Basin Re-
gion. Colorado diversions were: 353,400 acre-feet to the Platte River
(Missouri Basin Region), 60,600 acre-feet to the Arkansas River (Arkansas-
White-Red Region), and 3,100 acre-feet to the Rio Grande Region.

Water imports
Inflow to the region through a transmountain diversion from Sevier
River in the Great Basin Region to the Paria River averages 2,600 acre-
feet. This represents a credit against local use within this region.

Water quality

The quality of the surface and ground waters is generally good in
all three subregions. Very good quality is to be found at the head of
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streams near the mountain divides. Degradation of chemical, physical,
and biological quality is evident as streams progress downward, result-
ing from hydrologic, geologic and man-made influences. Pollution prob-
lems of virtually every form, although generally limited in magnitude,
may be found in the region.

Salinity is a major water-quality problem particularly in the lower
part of the Colorado River Basin. The principal effect of salinity in-
creases on uses in the Upper Colorado Region will be confined to limited
areas generally in the lower reaches of the stream systems. Salt-loading
and salt-concentrating effects of consumptive use or depletion are the
primary causes of salinity increases. Of the present total salt burden
at Lees Ferry, it is estimuated that 50-60 percent of the salts are derived

from geologic diffused sources, 25-40 percent from irrigation return flows,
7 percent from mineral springs and other geologic point sources, and 1 per-

cent from municipal and industrial waste water effluents.

The Colorado River from below Grand Junction, Colorado, downstream
to Lee Ferry has an average TDS concentration varying between about 500
mg./1l. and 700 mg./l. The Green River, except for the Flaming Gorge Res-
ervoir area, and the San Juan River do not exceed 500 mg./l. of dissolved
solids as measured on a long-term average. The concentrations of dis-
solved salts in some tributary streams are considerably higher.

Drainage from abandoned and active mines is a problem 1in portions
of the Upper Main Stem and San Juan-Colorado Subregions. This drainage
eliminates about 120 miles of stream fishery. Stream pollution from dis-
charges of radioactive mill wastes, formerly severe, has in most cases
been reduced to acceptable levels.

Suspended sediment concentrations and loads vary widely. Sediment
in some stream reaches has historically been detrimental to consumptive
uses of water as well as to fisheries and recreation.

Inadequately treated effluents from waste water treatment works have
caused depressed oxygen levels, potentially hazardous coliform bacteria
densities, overproduction of algae, and other deleterious effects in many
short reaches of streams.

Health factors
Various environmental health problems exist. Epidemiological data
suggest that for potentially waterborne diseases the incidence rate is
2.5 times that for the rest of the country.
Watersheds primarily intended for public water supplies are being

used more and more by man for other purposes, thereby making them even
more susceptible to pollution and contamination. Water supplies vary

13
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onsiderably in bacteriological and chemical quality. Based on avail-

ble data, it is estimated that 20 percent of the population drinks
water that does not receive adequate treatment.
Improper disposal of solid wastes can result in hazardous environ-
mental health conditions. A recent survey found that of the disposal

sites presently in operation 30 percent had surface drainage problems,

13 percent had leaching problems, and 12 percent were placing wastes in
the water table. Only 4 percent could be considered as adequate sanitary
landfill operations.

Radiological problems could pose a health threat unless measures are
taken to safeguard against them. Potential radiological hazards associ-
ated with uranium tailing piles are presently under study. Airborne
transport of particulate radiocactive matter and construction of buildings
on tailing piles which emit radon gas are recent problems which have be-
come of concern.

Air pollution problems are scattered. There are a number of indus-
trial plants in rural areas that have associated air pollution problems
such as the cement, sugar, alfalfa mills, and the wood product plants,
with their burners and open burning of wastes.

Flood control

There were few flood control measures in 1965. There were no
permanent-type levee and channel projects. Temporary channel improve-
ments had been accomplished at several locations, through the use of
Federal emergency funds, in anticipation of flood flows and to restore
channels destroyed by floods. Storage for flood control consisted of
2,100 acre-feet in three headwater detention reservoirs and 1,218,000
acre-feet operated on a flood forecast basis in four water conservation
storage reservoirs. Land treatment measures had been installed on
G,292,000 acres of watershed area for multiple purposes, including flood
prevention and sediment control. A summary of the 1965 programs in oper-
ation for flood control is given in the tabulation on the following page.

There were 105 reservoirs, each with a storage capacity of 1,000
acre-feet or more, having a combined storage capacity of nearly 8 million
acre-feet (excluding Lake Powell). Beneficial effects on the region's
flood problems have been substantial although flood control operation is
incidental to other uses.

1h
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Maximum flood control stor-
age in 1,000 acre-feet
Single- Multiple- Watershed treat-
Subregion purpose purpose ment areas in
and State reservoir reservoir 1,000 acres
Green River
Colorado 0 0 1,967
Wyoming 0] 0] L 22
Utah 0 0 2,508
Subregion total 0] 0 5,102
Upper Main Stem
Colorado 2.0 3ii7/ 1,638
Utah 0 0 179
Subregion total 2.0 1T IS BLT
San Juan-Colorado
Colorado 00 165 693
Utah 0 0 368
New Mexico 0 1,036 611
Arizona 0 0 101
Subregion total 0.1 1,201 Lt
Region total 2l 1,218 9,292

Summary of 1965 Land Uses

Almost every acre of land in the region is presently used for some
i Z 3

activity. On most areas there are several concurrent uses.

land use for 1965 was as shown in the following tabulation.

1965 Land Use--1,000 Acres

Cropland and pasture

Wilderness, natural, his-

The multiple

Irrigated 1,622 toric, and cultural 2,636
Dry 603
Livestock grazing 60,442 Developed mineral
production 37
Timber productionl/ 9,419 Developed fish and
wildlife 299
Urban and industrial 331 Military 11k
Transportation and Classified watersheds 258
utilities 598
] Developed recreation TL Water area € 4O acres Los

15
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Other extensive uses include general wildlife habitat, nonspecific
recreation, such as driving and viewing for pleasure, greenbelt areas, and
others. The region thus had almost every acre contributing to the welfare
and economy of man. New uses can be added to or substituted for present
uses.

A brief description of the principal uses supplemented by appropriate
tables follows.

Irrigated cropland

There were 1,621,500 acres of land irrigated, mainly used to produce
feed to support the livestock industry. The feed produced was hay, both
grass and legume mixtures, alfalfa, small grain, and irrigated pasture. In
certain locations cash crops such as sugar beets, malting barley, feed
barley, grain corn, dry beans, vegetables, and fruits were produced. Some
of the grains were sold or used as feed, in keeping with the individual
land operator's needs and desires. There were about 124,400 acres idle
and not irrigated in the average year for a variety of reasons.

Table 3 indicates the distribution of the principal irrigated crops

by subregion. Total lands under irrigation, including idle for the five
states of the region, are as follows:

l!UOO acres

Arizona 10.9
Colorado 914.0
New Mexico 52.9
Utah 332.6
Wyoming Sl 1

Total 1,351.5

Dry cropland

There were 603,400 acres of dry cropland in the region. The major
crops were hay, pasture, and wheat. The other most prominent crop is
pinto beans, grown mainly in the San Juan-Colorado Subregion. Acreages
of specific crops by subregions are shown in Table L,

Livestock grazing

About 60,442,000 acres of land were grazed in 1965, although only
5h,62h,000 acres of this total were considered suitable for this use. The
difference represents the land not considered suitable for grazing under
proper management. Data concerning rangeland livestock grazing are sum-
marized on page 19.

16
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Table 3 - Crop distribution on irrigated acrease,
1965, Upper Colorado Region
Hydrologic subregions
Green Upper San Juan-
Crop River Main Stem Colorado Region
(acres) (acres) (acres) (acres)
Hay
Alfalfa 109,200 127,400 61,700 298,300
Other hay
Improved 50,000 40,000 12,000 102,000
Native 163,300 83,800 11,400 258,500
Subtotal 322,500 251,200 85,100 658,800
Pasture
Rotation (cropland) 116,300 88,900 42,100 247,300
Permanent (noncropland ) 116,200 89,000 L2, 000 247,200
Other (noncropland) 63,100 55,000 45,700 163,800
Subtotal 295, 600 222,900 129,800 658,300
Corn silage 7,700 18,300 11,700 37,700
Feed grains
Dats 9,200 13,200 4,800 27,200
Barley (exclude Moravian) 14,800 3,700 5,900 24,400
Corn 6500 13,400 2,200 16,200
ubtotal 24, 600 30, 300 12,900 67,800
Other grains
Barley (Moravian) 0 15,000 0 15,000
Wheat 7,200 900 7,400 15,500
Subtotal 7,200 15,900 7,400 30,500
Other crops
Orchard 500 14,700 3,100 18, 300
Sugar beets 1,700 9,800 0 11,500
Dry beans 0 8,100 500 8,600
Truck crops 300 1,800 1,800 3,900
Potatoes 100 900 700 1,700
Subtotal 2,600 35,300 6,100 Lk, 000
Idle land 52,100 34,500 37,800 2L, 400
Total irrigated acres 712,300 618,400 290,800 1,621,500




=

PART II

PRESENT STATUS OF WATER AND
RELATED LAND DEVELOPMENT

Table 4 - Crop distribution on dry

! "I"f‘;pl(Lﬂd,
1965, Upper Colorado Region

Hydrologic subregions

Green
Crop River

Upper
Main Stem

Sen Juan-
[0 bylorado

.....

(acres )

Forage
Hay 31,500
Cropland pasture 26,500

(acres)

10,000

5,400

(acres)

(acres)

53,700

FI¥

59,100

Subtotal 58, 000

Feed grains
Qats 9,“00
Barley (feed) 12,400

15,400

2,100
1, 600

900
1,700

112,800

12,400
15,700

Subtotal 21,800

Jther grains
Wheat 56, 600
Other crg

DS
-

3,700

8,200

2,600

89,800

28,100

154, 600

Dry beans 3,300 118,700 122,000
Miscellaneous L00O L00 400 1,200
Subtotal %00 3,700 119,100 123,200

Idle land
Fallow 45,000
Temporarily idle 600

7,900
1,000
3,300

62,900
10,800
33,700

115,800
12,400
45,600

12,200

107,500

173,800

143,200
2,000

358,300
8,900

592,500
10,900

Conservation use only 8,600

Subtotal DIJ,EOO

Tillage rotation total 191,000
Formerly cropped

Total tillage potential 191,000

45,200

367,200

603,400

18
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