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This report of the Upper Colorado Region State-Federal Interagency Group
was prepared at field level and presents a framework program for the de-
velopment and management of the water and related land resources of the
Upper Colorado Region. This report is subject to review by the interested
federal agencies at the departmental level, by the Governors of the affec-

ted states, and by the Water Resources Council prior to its tramsmittal to
the Congress for its consideration.
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SUMMARY

This report presents the results of comprehensive investigations
of water resources for formulation of framework plans to provide a
broad guide to the best use, or combination of uses, of water resources
to meet foreseeable short- and long-term needs. For flexibility in
analysis and planning, the Upper Colorado River upstream from Lee
Ferry, Arizona, has been divided into three subregions comprising the
natural drainages of the Green River, Upper Main Stem, and San Juan-
Colorado. Summaries of water resource data are also prepared for the
states of Arizona, Colorado, New Mexico, Utah, and Wyoming.

Water supply from precipitation averages about 95 million acre-
feet a year., Annual precipitation varies from less than 6 inches in
desert areas of the southwestern portion of the region to over 50
inches in the high elevation headwater areas in Colorado. A broad
range of climatic and resulting streamflow conditions exist. Large
variations in annual discharge occur also, from year to year due to
variations in precipitation, and over periods of years due to long-term
climatic trends. Average annual discharge of the Colorado River at Lee
Ferry was 12,426,000 acre-feet for the 52-year period 1914-65, with
extremes of 21,894,000 acre-feet in 1917 and 4,396,000 acre-feet in
1934, Average annual virgin flow at Lee Ferry, as unaffected by the
activities of man, is estimated at 14.87 million acre-feet over the
52-year period 1914-65,

Estimated average annual withdrawal and consumptive use of ground
water is less than one percent of surface water use. A close relation
exists in many areas between local ground and surface water resources.

Water is used for irrigation, domestic-municipal-industrial
purposes, livestock watering, hydroelectric and thermal electric power
generation, mineral activity, fish and wildlife facilities, and recre-
ation. Large amounts of water are also exported to adjoining regions
for multiple-purpose uses.

A total of 581 reservoirs with usable storage in excess of 29.7
million acre-feet had been constructed by 1965 to provide storage
regulation for various water uses. Since 1965 over one million acre-
feet of additional storage has been constructed or is under construc-
tion., The largest part of the storage capacity has been constructed
as part of the Colorado River Storage Project primarily to provide
long-term regulatory storage.



SUMMARY (GContinued)

The following table compares water resources development for five
levels of development., Virgin water supply is estimated at 14,87
million acre-feet. The five average annual levels of depletion are
shown by type of use, state, and subregion. The levels of development
first studied include the present (1965) and the framework plan
"Regionally Interpreted OBERS," which was determined as the region's
logical contribution to meet national needs. Three additional alter-
natives were developed to reflect capability of the region to supply
goods and services not fully evaluated in the OBERS projections.

(1) States' alternative plan based on the availability of 6.545
million acre-feet of water. This plan utilized the same amount of
water as the Framework Plan (regionally interpreted OBERS) development
with primary shifts in power, export, minerals, and irrigation within
states transfers in power between states and new uses for oil shale
and coal by-products.

(2) States' alternative plan based on depletion of 8.16 million
acre-feet of water plus delivery of an average 7.5 million acre-feet
at Lee Ferry. The plan assumes the Colorado River water supply will
be firmed to meet the division of water by both the Colorado River
Compact and the Upper Colorado River Compact, and that the Mexican
Treaty delivery plus associated losses would be a national obligation.
Most of the increased depletion will occur in minerals, irrigation,
and export.

(3) States' alternative plan depleting 9.44 million acre-feet
based on use of water which is physically available at the project
site without considering political or legal restrictions. Substantial
augmentation would be required to meet Colorado River Compact require-
ments of the lower basin.

Outflow for the five levels of development varies from 11l.4

million acre-feet at present to 5.4 million acre-feet, using the
1914-65 water supply and assuming no augmentation.

ii



SUMMARY

Summary of water resources development, Upper Colorado Region

Level of Development
State Alternatives

Regionally Water
Interpreted 6.5 Million 8.16 Million Available
OBERS Acre-feet Acre~-feet At Site
1965 Year 2020 Year 2020 Year 2020 Year 2020
--------------------------------- Acre~feet=remr-mecccrcmenc e ncd e e e e
VIRGIN WATER SUPPLY (1914-65) 14,872,000 14,872,000 14,872,000 14,872,000 14,872,000
ON SITE WATER DEPLETIONS
By type of use
Municipal and industrial 27,400 110,100 147,600 191,800 201,800
Electric power (thermal) 23,200 626,600 604,400 713,800 754,800
Minerals 33,700 52,800 231,700 550,100 735,900
Fish and wildlife 11,700 87,800 88,400 121,700 121,700
Recreation 1,300 5,200 5,200 5,200 5,200
Stockpond evaporation and
livestock use 34,900 59,000 59,000 59,000 59,000
Subtotal 132,200 941,500 1,136,300 1,641,600 1,878,400
Irrigation 2,127,800 3,294,000 3,296,800 3,657,700 4,088,500
Export 550,300 1,652,500 1,454,900 2,203,300 2,816,400
Less import (~)2,600 (32,600 (-)2,600 (~)2,600 (-)2,600
Subtotal of all above 2,807,700 5,885,400 5,885,400 7,500,000 8,780,700
Main Stem Reservoir
evaporation 643,000 660,000 660,000 660,000 660,000
Total 3,450,700 6,545,400 6,545,400 8,160,000 9,440,700
By state
Arizona 10,100 50,000 50,000 50,000 50,000
Colorado 1,706,600 3,009,800 3,019,400 3,855,400 4,037,500
New Mexico 144,900 666,200 656,700 838,100 1,067,600
Utah 664,000 1,341,100 1,341,900 1,713,500 2,037,600
Wyoming 282,100 818,300 817,400 1,043,000 1,588,000
Total 2,807,700 5,885,400 5,885,400 7,500,000 8,780,700
By subregion
Green River 1,059,500 2,385,100 . 2,328,300 3,040,300 3,788,400
Upper Main Stem 1,397,300 2,245,200 2,232,500 2,877,000 3,113,100
San Juan~Colorado 993,900 1,915,100 1,984,600 2,242,700 2,539,200
Total 3,450,700 6,545,400 6,545,400 8,160,000 9,440,700
OUTFLOW 11,421,300 8,326,600 8,326,600 6,712,000 5,431,300
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PART I
INTRODUCTION

The Upper Colorado Region is one of four Pacific Southwest
regions assigned to the Pacific Southwest Interagency Committee by the
United States Water Resources Council for comprehensive framework
study. To coordinate the study in the Upper Colorado Region, the
Upper Colorado River Commission was designated as the chairman agency
of a State-Federal Interagency Group representing five states and many
Federal agencies.

Guidelines for the Framework studies state: "The basic objective
in the formulation of framework plans is to provide a broad guide to
the best use, or combination of uses, of water and related land
resources of a region to meet foreseeable short- and long-term needs."
The studies are reconnaissance in nature and rely largely on existing
data and the seasoned” judgment of competent planners.,

Supporting a '"Main Report' are sixteen appendices. These are the
results of work group assigmnments. This appendix "Water Resources,"
in addition to discussing water resources and presenting basic data,
is a synopsis of present and estimated future water supply requirements
including data drawn from other assigned appendices devoted to specific
uses of water and related resources.

Purpose and Scope

The aim of this appendix is to present in narrative, graphic, and
tabular form basic water resource data, analyses, and summaries thereof
in preparing companion appendices leading to formulation of plans and
programs of the '"Main Report.”

Because of the reconnaissance nature of the ""Main Report,'" little
effort was devoted to new study and research. Therefore, existing
studies, inventories, and publications were heavily relied upon in
assembling material for this appendix, Particular use was made of
recent United States Geological Survey (USGS) Professional Papers --
"Water Resources of the Upper Colorado River," No. 441 and No. 442,
with some updating to year 1965 to incorporate new material subsequent
to 1957, the closing period of the two USGS reports. Likewise, other
federal reports and studies by state organizations in connection with
their state water plans were utilized. 1In identifying present water
uses, a base year of 1965 has been used. All uses initiated after
1965, even though authorized prior to 1965, will be accounted for in
subsequent check point years.



PART T INTRODUCTION

The initial studies conform to projections formulated by the
Office of Business Economics, Department of Commerce, and the Economic
Research Service, Department of Agriculture. The combined projection
has been designated as "OBERS.'" There has, however, been applied a
"Regional Interpretation'" for agriculture, power, mining, and forestry
projections. This appendix limits itself essentially to the

"Regionally Interpreted OBERS" projections with check points at years
1980, 2000, and 2020.

In addition this appendix considers further projections based on
alternate plans designated as follows:

1- States' Alternative at 6.5 m.a.f. Level of Development
2- States' Alternative at 8.16 m.a.f. Level of Development

3- States' Alternative -- Development of Water Supply Available
at Site

Relation To The Other Parts of The '"Main Report"

This appendix is one of sixteen supporting the '"Main Report."
All present and projected water uses are summarized on state, sub-
region, and regional bases and analyzed as to their combined effect on
flows and commitments at Lee Ferry, the point of outflow of the region
as designated by the Colorado River Compact. The details of various

categories of present and prospective water uses are found in companion
appendices.



PART II DESCRIPTION

The Great Divide Closed Basin does not contribute to the water
resources of the region except for a small amount of internal use.

The Colorado River rises near the extreme eastern part of the
Region at an altitude of 13,000 feet, and flows generally southwest-
ward to Lee Ferry where the altitude is about 3,100 feet.

Main river channels are deeply entrenched in solid rock canyons
in Utah and Arizona. The mostly barren and largely inaccessible areas
provide very little opportunity or need for diversions from the rivers,
and in this reach most of the depletion is through evaporation from
the water surfaces. It is a region of intense interest to the people
of the United States, being a land of spectacular beauty, breath-taking
scenery, and majestic natural rock formations, attracting many
tourists, adventurers, and naturalists. The wild canyons of the
Colorado, Green, San Juan, and Yampa Rivers have presented a challenge
to thrill-seeking boatsmen since the first expeditions of Major John
Wesley Powell in 1869 and 1872,

Spring snowmelt
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PART II DESCRIPTION

Historic unit discharge on the main stem, as shown in the
following tabulation, decreases rapidly as the streams flow from head-
waters at high altitude into the less humid areas and finally into
desert areas,

Drainage area and historic unit discharge
Upper Colorado Region

Record
Drainage prior to Unit
Gaging Station area 1965 discharge
Square Miles Years Cfs/Sq. Mi.
Colorado River near Grand
Lake, Colorado 103 46 0.922
Colorado River at Glenwood
Springs, Colorado 4,560 66 .596
Colorado River near Cameo,
Colorado 8,050 32 484
Colorado River near Cisco,
Utah 24,100 54 327
Colorado River at Compact
point, Lee Ferry, Arizona 109,580 1/ 52 .155

l/ Drainage area as measured in connection with this study;
other area figures are from USGS Water Supply Papers.

Part of the decrease in unit discharge as the river proceeds
downstream can be attributed to exports from the region, depletions
for irrigation and other consumptive uses, losses to ground water
recharge, transpiration, and evaporation. However, most of the
decrease is due simply to lower contribution from the downstream
areas, Yet, as shown by the preceding map "Average Annual Basin
Runoff," there is almost always an increase in discharge in the down-
stream direction, except immediately below large diversions.

Large variations in annual discharge occur also from year to year
due to yearly variations in precipitation, and over periods of years
due to long~-term climatic trends. The average annual discharge of

_the Colorado River at Lee Ferry was 12,426,000 acre-feet for the 52-
year period 1914-65, with extremes of 21,894,000 acre-feet in 1917 and
4,396,000 acre-feet in 1934, For the 1l7-year period 1914-30, the
average discharge was 15,919,000 acre-feet per year, while for the 26-
year dry cycle 1931-56 the average discharge was 11,183,000 acre-feet
per year. These are residual flows reflecting upstream depletions
approximating 1,800,000 acre-feet in 1914 increasing to about



PART IT ‘ DESCRIPTION

2,800,000 acre-feet in 1962. Commencing in 1963 there began a
withholding of large amounts of water in the upstream reservoirs of
the Colorado River Storage Project. The average annual virgin flow at
Lee Ferry, as unaffected by the activities of man, is estimated at
14.872 million acre-feet over the 52-year period 1914-65, As shown on
the preceding map, the virgin contribution would average about 2.5
inches in depth over the basin.

Water is presently (1965) exported from the region through some
39 transmountain canals and tunnels, mostly located at the headwaters
of small tributaries. Several of these diversions have operated for
many years and in 1965 the diversion totaled 513,000 acre-feet. There
is one small diversion into the region from the East Fork Sevier River
in southern Utah averaging 2,600 acre-feet per year.

Prior to 1960 there were 92 storage reservoirs in the region
having usable capacities of greater than 1,000 acre-feet and total
usable capacity of 1,635,000 acre-feet, The large reservoirs built by
the U. S. Bureau of Reclamation since 1960 are parts of the Upper
Colorado River Storage Project and are mainly intended to store water
for satisfying allocations to the Lower Colorado River basin while
allowing additional local use of water from some of the headwater
streams, Development of hydroelectric power is an added and most
valuable benefit, which will in large measure repay the costs of the
project, Recreation is another important benmefit., However, loss to
evaporation from increased exposed water surfaces is a deterrent to
the construction of additional large reservoirs at the lower altitudes.

Summary records of streamflow at 13 selected gaging stations and
41 of the transmountain diversions in the Upper Colorado Region for
the period 1914-65 are listed on tables 1 and 2.

Subregions

The Upper Colorado Region has been divided for purposes of this
study into three major hydrologic subregions, namely, the Green River
Subregion, the Upper Main Stem Subregion, and the San Juan~Colorado
Subregion,

The Green River Subregion

The Green River subregion drains an area of about 48,660 square
miles in southwestern Wyoming, northwestern Colorado, and northeastern
and east-central Utah. In addition to 44,744 square miles in the
natural drainage of the Green River Basin, the subregion includes
3,916 square miles in the Great Divide Closed Basin. The Green River,
the largest tributary of the Colorado River, rises in the Wind River
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Range in Wyoming at the north end of the Colorado River Basin, and
flows southward to its junction with the Colorado River about 60 miles
south of the town of Green River, Utah. The principal tributaries are
the New Fork River, Big Sandy Creek, Blacks Fork, Henrys Fork, Yampa,
White, Duchesne, Price, and San Rafael Rivers. The Great Divide
Closed Basin has only one stream with perennial flow, a few perennial
lakes, and numerous intermittent or dry lakes and streams. It does
not contribute to the water resources of the region except for a small
amount of internal use.

Prior to about 1960 there were 41 storage reservoirs in the
subregion having usable capacities greater than 1,000 acre-feet and
total usable capacity of 575,400 acre-feet. Recently constructed
reservoirs in the Upper Colorado River Storage Project include Flaming
Gorge Reservoir (1962, usable capacity 3,516,000 acre-feet) and
Fontenelle Reservoir (1963, usable capacity 345,400 acre-feet) on the
Green River, and the Steinaker off-channel storage reservoir near
Vernal, Utah (1962, active capacity 33,300 acre-feet). Joes Valley
Reservoir on Cottonwood Creek near Orangeville, Utah (capacity 54,600
acre-feet) was completed in October 1965.

A total of 17 transmountain diversions export about 109,500
acre-feet of water from the subregion annually. The principal trans-
mountain diversions are the Duchesne and Strawberry tunnels,

The Green River portion of the subregion contributes about 38
percent of the total discharge at Lee Ferry from 41 percent of the
total area, and produces an average annual unit discharge of about
.0.15 cfs/sq mi. Measured yearly runoff from tributaries at the head-
waters ranges up to 2.7 cfs/sq mi.

The Upper Main Stem Subregion

The Upper Main Stem subregion includes the Colorado River and all
of its tributaries upstream from the junction of the Colorado and Green
Rivers, an area of 26,192 square miles. Prior to 1918 this part of the
Colorado River was known as the Grand River. The Colorado River rises
upstream from Grand Lake in north-central Colorado, and drains the west-
central portion of Colorado and a small area in east-central Utah. The
principal tributaries are the Roaring Fork, Eagle, Gunnison, and Dolores
Rivers. The larger of the transmountain diversions are the Hoosier Pass
tunnel (1952), Roberts tunnel (1963), August P. Gumlick (formerly Jones
Pass) tunnel (1940), Twin Lakes tunnel (1935), Grand River ditch (1892),
Alva B. Adams tunnel (1947), and Moffat tunnel (1936). A total of 17
transmountain diversions export about 414,600 acre-feet of water
annually from the region. In addition, about 102,600 acre-~feet is
exported from the Dolores River to the San Juan-Colorado subregion and
does not represent a net loss to the Colorado River basin.
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Prior to about 1960 there were 33 storage reservoirs in the
subregion, having usable capacities greater than 1,000 acre-feet, and
total usable capacity of 831,600 acre-feet. The Blue Mesa Reservoir
(capacity 941,000 acre-feet) was completed in 1965 and storage in
Morrow Point Reservoir (121,300 acre-feet) began in 1968,

In spite of the large exports of water from the subregion, the
large areas of land under irrigation, and the fact that it contains
the smaller area of the three subregions, the Upper Main Stem subregion
is the largest contributor in total discharge, supplying about 46 per-
cent of the total discharge at Lee Ferry from only 24 percent of the
total area. See tabulation on page 5 for historic unit discharge.

The San Juan - Colorado Subregion

The San Juan-Colorado subregion includes all of the drainage area
of the Colorado River downstream from the junction of the Colorado and
Green Rivers, an area of about 38,644 square miles. The principal
stream in this subregion is the San Juan River, which is the second
largest tributary of the Colorado River, and drains parts of south-
western Colorado, northwestern New Mexico, southeastern Utah, and
northeastern Arizona., It rises on the west slope of the Continental
Divide in the southeastern part of the Upper Colorado River basin, and
flows westward to its junction with the Colorado River about 75 miles
west of Bluff, Utah. The principal tributaries of the San Juan River
are the Navajo, Los Pinos, Animas, and La Plata Rivers. The other
main tributaries in the subregion are the Dirty Devil, Escalante, and
Paria Rivers.

Five transmountain diversions export an average of about 2,500
acre-feet per year from the San Juan-Colorado subregion. One
diversion imports into the San Juan-Colorado subregion about 102,600
acre-feet per year from the Upper Main Stem subregion. Another
diversion imports into the San Juan-Colorado subregion about 2,600
acre-feet per year from the Sevier River drainage of the Great Basin
in Utah.

Prior to about 1960 there were 18 storage reservoirs in the
subregion having usable capacities greater than 1,000 acre-feet, and
total usable capacity of 228,200 acre-feet. Navajo Reservoir on the
San Juan River near Archuleta, New Mexico, with a capacity of
1,696,000 acre-feet, was completed in June 1962. The Navajo Indian
Irrigation Project, the main contractor from Navajo Reservoir, with-
draws water by gravity canal at an elevation which makes the usable
capacity of Navajo Reservoir 1,036,100 acre-feet. Lake Powell on the
Colorado River was formed by Glen Canyon Dam at Page, Arizona,
Storage began in March 1963, and the usable capacity is 25,002,000
acre-feet. These two reservoirs are part of the Upper Colorado River
Storage Project.
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The water yield of the subregion is about 0.12 cfs/sq mi annually,
amounting to about 16 percent of the total flow at Lee Ferry from 35
percent of the total drainage area. Average annual unit runoff from

tributaries near the headwaters of the San Juan River range up to L.86
cfs/sq mi.



PART III
CLIMATE

The climate of most of the region is semiarid to arid and is
predominately a four season climate, Wide variations in precipitation,
temperature and wind movement occur primarily as a result of varied
topography and to a lesser extent the rather wide range in latitude.

Predominately, the climate is associated with Pacific Ocean air
masses which move inland from the west, carrying much of the region's
precipitation., Seasonal influences include summer cyclonic thunder-
storms that sweep into the southern portion from the Gulf of Mexico
and occasional Canadian arctic air that extends into the northern
portion during the winter months.

Precipitation

Precipitation is affected by two major factors, the moisture
supply and the topography of the area. Since the region is several
hundred miles from major sources of moisture and the air masses cross
_ several mountain ranges before reaching the region, precipitation is
limited for all except the high mountain areas. Average annual pre-
cipitation ranges from less than 6 inches in the lowest valleys to
more than 50 inches in the higher mountains., Average precipitation in
most valleys and agricultural areas ranges from about 8 to 16 inches
per year., Precipitation in amounts over ,10 inch per day occur on an
average of about 10 to 50 days per year, depending primarily on
elevation and altitude. Intensities vary widely but seldom exceed 4,0
inches in 24 hours,

Distribution of precipitation through the year shows a less
distinct seasonal pattern than occurs in many other western regions.
Precipitation is heaviest during the winter and spring months. An
exception occurs in the southern portion where maximum monthly precipi-
tation often occurs from the July, August, and September thunderstorms.

Precipitation during the late October through mid-April period is
dominated by snow, particularly at higher elevations. Annual snowfall
ranges from 200 to 300 inches in the higher mountains down to about 5
inches in the lower wvalley and plateau areas. Maximum snow accumula=-
tion occasionally exceeds 100 inches in the higher areas and does not
completely melt until late summer.
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Temperature

Temperatures over the area cover a wide range due to seasonal
effects, differences in elevation and diurnal fluctuations. Tempera-
ture extremes in the region have varied from -60°F. at Taylor Park,
Colorado, to 115°F. at Lees Ferry, Arizona, At most climatological
stations mean monthly temperatures are lowest in January and highest
in July and generally show about a 50°F. seasonal difference, Average
annual temperatures vary from below freezing at elevations around
10,000 feet to about 50°F. for river valleys below 5,000 feet. Thus
a decrease in temperature of about 3 or 4 degrees for each 1,000 foot
increase in elevation occurs. Diurnal temperature fluctuations are a
minimum in winter with variations of maximum and minimum daily temper-
atures of 20-25°F. and reach a maximum during the summer with a daily
variation of 40°F.

Variations in temperature and elevation produce large differences
in the frost-free period. Freezing temperatures may occur at any time
of the year in the higher mountain areas., The average number of days
between the last 32°F, occurrence in the spring and the first occur-
rence in the spring and the first occurrence in the fall average 20
days or less at elevations about 8,500 feet to more than 180 days at
elevations below 5,000 feet.

Wind and Evaporation

A wide range of surface wind conditions occurs in various portions
of the region as the general west to east wind movement over the area
is modified by topographical influences. Average wind velocities are
rather high in mountains and ridges with westerly exposure, while the
average wind speeds are relatively low in the more protected valley
areas and assume direction according to local terrain. During much of
the year high pressure systems and fair weather dominate the inter-
mountain area, and these stagnant conditions result in light wind
movement in the valley floor. Typically surface winds move up the
valley slopes during the day and down the slopes at night. Cool
nights are a characteristic of the valley floor. These conditions
often prevail for a considerable period and create consistently high
average wind movement at stations located in or near upland slopes or
canyon areas.

Average annual wind velocity for the region varies from about 8
to 14 miles per hour. Over the northern portion wind movement is
greater during the winter and spring months, averaging about 15 mph
and ranging down to summertime velocities of about 7 to 10 mph with
occasional gusts reaching up to about 40 mph., 1In the central and
southern portion wind movement is highest during the summer months.

11
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At Grand Junction, Colorado, maximum recorded wind velocity has
reached 66 mph and has approached or exceeded 50 mph in every month of
the year. The strongest winds are usually associated with local
thunderstorms and have on occasion reached velocities of 80 to 90 mph
in the San Juan subregion.

Estimates of annual evaporation rate from lakes and reservoirs
range from less than 30 inches at higher elevations to about 60
inches in the lower valleys. Wind movement, temperature, solar
radiation, and relative humidity are prime factors affecting these
rates.

12



PART IV

SURFACE WATER

Stream Gaging Stations

Systematic collection of streamflow data began as early as 1894
with the establishment of gaging stations on the Colorado and Gunnison
Rivers at Grand Junction, Colorado, the Green River at Green River,
Utah, and the Price River at Wellington, Utah. Since that time the
stream gaging program has been expanded to include a network of about
322 gaging stations on streams throughout the region. The daily
records obtained at these stations are published annually in water
supply papers of the United States Geological Survey.

The network of stations include 13 stations basic to this study
located at or near points of outflow from each of nine major areas.
These 13 base stations are listed in table 1 on the following page.

Estimated and recorded annual discharge at the 13 outflow stations
are listed in table 2, TListed also in table 2 is the combined dis-
charge of the Colorado River at Lees Ferry and the Paria River thereby
deriving the discharge at Lee Ferry, the compact point. The daily
discharge data are furnished in the United States Geological Survey
Water Supply papers.

Records for 4 of these stations are detailed further in a
graphical format that indicates the wvariability characteristics. Refer
to the following three figures., These graphs demonstrate the erratic
runoff experienced in the Upper Colorado Region. The flow duration
graphs indicate the percent of time that any given discharge was
equaled or exceeded during the period, without reference to chronolog=-
ical sequence, The monthly distribution graphs show the average, the
maximum, and the minimum of the monthly mean flows. The histograms of
annual discharge show the annual total flows in acre-feet, along with
a graph indicating the 1l0-year moving averages.

In addition to the quantitative records of surface discharges,
the U. S. Geological Survey publishes data on water quality. The
quality aspect of surface water is contained in Appendix XV, '"Water
Quality, Pollution Control, and Health Factors."

13
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Table 1 - Average annual discharge for key stream gaging stations,
Upper Colorado Region

Average
annual
discharge
for period
Drainage ] Records of study 1/
Gaging station area available 1914-1965
Square Miles Acre-Feet
Green River near Greendale,
Utah 15,100 Oct. 1950 « Sept. 1965 1,575,000
Little Snake River near
Lilly, Colorado 3,730 Oct, 1921 - Sept. 1965 432,050
Yampa River near Maybell,
Colorado 3,410 April 1916 - Sept. 1965 1,131,000
White River near Watson, May - November 1918
Utah 4,020 April 1923 - Sept. 1965 532,460
Green River at Green River,
Utah 40,600 Oct. 1904 - Sept. 1965 4,427,300
San Rafael River near Green Sept, 1919 - July 1920
River, Utah 1,670 Oct. 1945 - Sept. 1965 112,330
Gunnison River near Grand
Junction, Colorado 7,870 Oct. 1916 ~ Sept. 1965 1,898,200
Colorado River near Colorado-~ ‘ ) .
Utah State Line ) 17,900 May 1951 - Sept. 1965 5,066,400
Colorado River near Cisco, +
Utah 24,100 Oct. 1913 -~ Sept. 1965 5,662,000
San Juan River at Shiprock,
New Mexico 12,900 Feb, 1927 ~ Sept. 1965 1,876,300
San Juan River near Bluff,
Utah 23,000 Oct, 1913 - Sept. 1965 1,955,000
Colorado River at Lees
Ferry, Arizona 108,170 2/ June 1921 - Sept. 1965 12,403,700
Paria River at Lees
Ferry, Arizona 1,410 Oct. 1923 - Sept. 1965 22,670
Colorado River at Lee
Ferry, Arizona 109,580 2/ 12,426,370

1/ Average discharge during period of study is average of recorded flows plus flows
estimated for periods of missing records.
g/ Area as measured in connection with this study.
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Table 2--Summary of 1914-65 annual flows at 13 key ga
Thousand acre-feet

§ing stations, Upper Colorado Region

SURFACE WATER

San Colorado
Little Green Rafael Gunnison Colorado River
Green Snake Yampa White River River River River Colorado San Juan Colorado Paria at ILee
River River River River at near near near River San Juan River River River Ferry,
near near near near Green Green Grand Colorado~ near River at near at Lees at Lees Ariz,
Water Greendale, Lilly, Maybell, Watson, River, River, Junction, Utah Cisco, Shiprock, Bluff, Ferry, Ferry, (compact
year Utah Colo. Colo. Utah Utah Utah Colo. State line Utah N. Mex. Utah Ariz. Ariz. point )
191k *2,580 60l *1,1480 *567 7,082 268k *2,963 *7, 727 8,527  *2,690 2,795 ¥19,300  *31 *19,331
15 *1,259 *370 *921 *380 3,615 100 *1,701 *, 452 5,348 *2,722 2,919 *12,490 *15 *12,505
16 *2, 006 *467 *¥1,232 *616 5, Thl 182 *2,563 *6,531 7,504 ¥3,116 3,238 *17,290 *39 *17,329
17 *2,532 *703 2,135 *726 8,433 317 2,850 *7,789 8,769 *3,36L 3,435 *21,860 *34 %21, 89k
18 *2,154 *h4hs 1,289 *597 5,104 126 2,024 *6,057 6,396 *1,450 1,512 *13,620 *30 ¥13,650
19 *gh7 *497 958 *47h 3,226 *¥100 1,677 *,366 4,874 *2,246 2,302 *10,840 *17 *10,857
1920 *1,876 *TLO 1,574 * 664 5,0L7 *180 3,026 *7,986 8,900 *3,806 3,909 *19,720 *20 *¥1G, 740
21 *2,216 *691 1,802 *857 7,206 *300 2,758 *8,00k 8,896 *2,863 2,971 *20, 690 *2h *20, 71k
22 *2,279 459 1,126 *591 6,248 *270 2,308 *6,101 6,880 *2,581 2,612 16,280 *27 *16,307
23 *2,106 L6l 1,408 *610 6,345 *190 2,408 *6,509 7,273 *2,152 2,237 16,240 %25 *16,065
ok *1,452 391 952 L7k 3,826 *45 1,997 *5,330 5,932 *1,893 1,971 12,460 19 12,479
1925 *1,603 2 997 540 4,052 *#52 1,724 *L,525 5,025 *1,675 1,756 11,311 30 11,341
26 *1,313 551 1,140 669 4,382 *62 1,994 *5,908 6,601 *2,068 2,168 13,980 32 1k,012
27 *1,753 54T 1,341 552 5,225 *100 2,433 *6,743 7,547 *3,128 3,337 16,540 L6 16,586
28 *1,759 598 1,510 696 5,759 *120 2,473 *6,T35 7,492 1,610 1,726 15,310 16 15,326
29 *1,688 878 2,025 1,257 6,464 *#130 3,069 *7,586 8,511 - 2,7ho 3,102 19,190 35 19,225
1930 *1,825 295 1,004 . 605 L,55h *69 2,100 *5,437 . 6,097 1,545 1,72k 13,050 19 13,069
31 *Th9 438 828 366 2,391 *29 787 *2,650 2,865 981 888 6,376 11 6,387
32 *1,L486 758 1,388 595 4,822 *76 2,259 *5,989 6,687 3,006 2,948 15,250 38 15,288
33 *1,159 538 1,061 537 3,525 *8l 1,L67 *k, 264 L, 631 1,300 1,2k2 9,729 17 9,7h6
3 *468 80 375 281 1,306 %13 607 *2,045 2,220 676 662 b,377 19 4,396
1935 ¥1,006 2h2 878. Loz 2,850 *Qly 1,387 *L,295 4,681 2,389 2,183 9,895 17 9,012
36 *1,807 356 1,1hh L2 b, 1h7 *140 1,753 *5,320 5,766 1,743 1,631 11,930 35 11,965
37 *1,496 L87 940 392 4,134 *100 1,496 %*3,912 L, 664 2,270 2,336 11,870 27 11,897
38 *1,672 480 1,228 599 L, Thr *9h 2,454 * 6,60k 7,422 2,483 2,h66 15,410 26 15,436
39 *1,241 303 930 148 3,420 *61 1,403 *4,019 L, 250 1,199 1,239 9,360 3k 9,394
1940 *621 260 8Lt 388 2,376 *72 1,053 *2,91L 3,463 910 998 7,055 26 7,081
b1 *1,388 395 990 552 4, oho *1h0 2,295 %5,278 6,576 3,855 L, ohp 16,020 28 16,048
4o *1,579 L61 1,189 688 4,990 *150 2,896 *6,697 7,706 2,791 3,078 17,010 20 17,030
43 *2,040 340 905 436 4,270 *68 1,761 *k, 571 5,137 1,319 1,445 11,240 19 11,259
o ky *1., 661 391 851 LL6 4, Lh76 *160 2,237 *4,939 5,903 2,111 2,289 13,200 19 13,219
1955 *1,427 L9 1,243 499 4,159 *Sh 1,30k *4,7751 5,407 1,463 1,820 11,530 16 11,548
L6 ¥1,529 324 856 39k 3,469 67 1,278 *3,750 L o062 812 865 8,722 23 8,745
i *2,416 L7 1,310 569 5,484 112 1,849 *5,632 6,051 1,382 1,488 13,490 23 13,513
48 *1,566 285 1,183 528 4,148 67 2,445 *5,806 6,554 2,211 2,319 13,670 19 13,689
49 *1,506 536 1,322 537 4,897 131 2,119 %5,445 6,287 2,321 2,523 14,340 20 14,360
1950 *2,579 Lo 952 Lt 5,511 55 1,387 *3,83L 4,236 960 902 11,040 13 11,053
51 2,336 295 1,016 468 4, 7e0 68 1,127 %3,951 3,921 668 668 9,817 1L 9,831
52 2,206 728 1,u4b7 6ok 6,838 315 2,625 6,847 7,707 2,482 2,542 17,960 19 17,979
53 1,288 269 829 L76 3,395 81 1,331 3,773 4,037 873 935 8,787 18 8,805
54 1,251 178 522 3h1 2,618 41 664 2,086 2,329 943 985 6,101 16 6,117
1955 1,002 233 . T73 388 2,839 32 1,032 2,903 3,241 956 989 7,290 18 7,308
56 1,895 ki1 1,033 hig 4,056 34 1,113 3,345 3,60k 860 862 8,7h0 10 8,750
57 1,93 508 1,781 728 5,501 155 3,208 7,525 8,486 2,500 2,597 17,320 17 17,337
58 1,383 hos 1,268 595 L, h66 201 2,383 5,425 6,354 2,363 2,551 14,220 39 14,259
59 1,141 216 81k 416 2,755 2k 951 2,975 3,111 6ol 618 6,Th2 14 6,756
1960 998 300 1,010 oL 3,019 38 1,390 3,749 4,132 1,697 1,690 9,182 11 9,193
61 ThT 163 629 346 2,026 51 1,015 2,760 3,084 1,183 1,188 6,643 31 6,674
62 2,113 569 1,ko2 668 5,829 113 2,194 6,196 6,696 1,hl2 1,511 1k, 770 15 14,785
63 167 204 630 337 1,663 50 91k 2,585 2,819 508 625 2,500 20 2,520
ek 838 318 865 396 2,784 60 1,347 3,112 3,357 69k 792 2,41k 13 2,k27
1965 1,612 180 1,31k 566 5,13k 17k 2,611 5,713 6,403 1,934 2,008 10,820 15 10,835
Average 1,575.0 432.0 532.5 4, k27,3 112.3 1,898.2 5,066 .4 5,662.0 1,876.3 1,955.0 12,403.7 22.7 12,h26.k

* Estimated

1,131.0
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SEASONAL DISTRIBUTION OF STREAMFLOW,
UPPER COLORADO REG/ON
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FLOW DURATION CURVES, UPPER COLORADO REGION

Percent of time indicated discharge was equaled or exceeded

[ TT I ITTr 1T 1T 1T 310 FTTTTITIT T 11T T =

[t

IIII!V< [T T I [TT]
P

- O
I\Q;: [ TTTTHI R

10

R

L

|
|

Rl

Colorado River near Green River at
Cisco, Utah, 1914-65 — Green River, Utah, 1914-65

o.i I 0 O I O O T PO I E N U A A I I I O O
0.0t 0. I 510 30 5070 90 99 99.9 9999 0.01 0.1 i 510 3050 7 9 99 9999999

Percent of time flow equaled or less than discharge indicated

|

Percent of time indicated discharge was equaled or exceeded

88
8

T TTHIN

999 99 90 705030 105 | 00019999999 99 90 705030 105 | 0.0.0i
T T TTITIIITT T 7 7Tx0eET"T TTT1TIIT7TTTT T T3

Colorado River at
Lees Ferry, Arizona, 1922-62

TN
LIl

100

TTTHN

T TTH

FTTTH]
T

)
LLLLu lmm\
[
Lo iii ] ||||1||\ J

I
I

{ I O O I N N A ]

o= = 'o6i60 1 516 305070 90 99 9999099
— San Juan River near —
— /  Bluff, Utah, 1914-65 -
ool L 1 Lt triitbttr o4 |
0.0l Ol { 810 30507 90 999 99.99

Percent time flow equaled or less than discharge indicated

17



PART V

GROUND WATER

Geologic Setting

The rocks exposed range in age from Precambrian to Holocene
(Recent). They consist mostly of consolidated and semiconsolidated
continental and marine sedimentary rocks, but also include igneous and
metamorphic rocks and unconsolidated alluvial and lacustrine deposits.

The rocks are grouped into eight major geologic groups based on
age and general hydrologic properties. The geologic formations that
are represented in these groups are listed and the extent and general
description are shown in U. S. Geological Survey Professional Paper
441, plates 1-3., Groups 2 (mostly shale, siltstone, and fine-grained
sandstone) and 4 (mostly sandstone with interbeds of mudstone and con-
glomerate) are the most widely exposed in the region. They crop out
over about 62,000 square miles or about 56 percent of the region.
Groups 1 (unconsolidated deposits) and 7 (volcanic rocks) are the
least widely exposed, covering about 4,800 square miles or only about
4 percent of the region.

The rocks have been complexly folded and faulted in the
mountainous areas and in some subregions, but they have been relatively
undisturbed in a major portion of the Colorado Plateau. 1In the
Colorado Plateau the rocks have been deeply eroded by the Colorado
River and its tributaries.

Both the availability and chemical quality of ground water are
greatly influenced by the geology. In general, the older consolidated
rocks yield water slowly to wells and springs, whereas sand and gravel
strata in the younger unconsolidated deposits and some igneous rocks
yield water readily. However, even the oldest consolidated rocks,
where they have been fractured by structural deformation or honey-
combed by solution activity, yield water readily to wells and springs.

Rocks that have their origin in brackish water or marine
environments and have low permeability, such as shales and some lime-
stones, siltstone, and sandstones, generally yield water of the
poorest chemical quality. Alluvium generally yields water of the best
chemical quality, but the ground water in some alluvial aquifers may
be highly saline owing to hydrologic interconnections with rocks that
normally contain saline water.

18




PART V GROUND WATER

General Availability of Ground Water

The general availability of ground water to individual wells is
shown on the map on the following page. This map is based in part on
records of wells and in part on the geology.

Yields to individual wells generally range from 5 to 50 g.p.m.
(gallons per minute) over a major portion of the region. Yields of
50-500 g.p.m. can be expected from wells that tap alluvium along some
of the major streams. Most wells along these streams for which
records are available have yields nearer the lower limit. In a few
local areas, such as the Fremont River Valley and Spanish Valley in
southeastern Utah, yields as high as 500 g.p.m. are generally avail-
able, and yields of more than 1,000 g.p.m. are possible from properly
constructed large-diameter wells. Wells in the upper Fremont River
Valley tap aquifers in both the alluvium and igneous rocks. Numerous
springs and seeps are scattered throughout the region. They most
commonly discharge along faults, geologic contacts, or where stream
channels intersect the water table. Most of the individual springs
and seeps yield a few g.p.m., some yield more than 100 g.p.m., but
only a very few widely scattered springs yield more than 450 g.p.m.
The largest springs generally occur near the headwater areas of the
larger streams.

Depths to Ground Water Levels

The depth to ground water is a factor affecting general
availability and particularly the cost and feasibility of pumping.
The following map shows the general depths to water levels. 1In
general, depths to ground water levels are shallowest, generally less
than 100 feet below land surface, in much of the Wyoming portion and
along the alluvial plains of the main streams that are tributary to
the Colorado River in other parts. ILevels are deepest, generally more
than 500 and locally more than 1,000 feet below land surface, in the
Colorado Plateau adjacent to the deeply incised Colorado and San Juan
Rivers.

Data in the mountainous areas and high plateaus are inadequate to
determine depths to water. Depths to water levels in these areas
probably range from only a few feet below land surface along most
stream channels to more than 500 feet below land surface near the
divides between streams.

Unconfined or artesian conditions in the water-bearing rocks in
some subregions cause depths to ground water levels to vary from
several hundred feet below land surface to several tens of feet above
land surface at the same locality. For example, in parts of the San
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PART V GROUND WATER

Juan River basin in the Four Corners area and in the Uinta Basin, the
depth to water in wells that tap unconfined aquifers exceeds 300 feet,
whereas nearby wells that tap deeper confined aquifers flow at the
surface,

Water Level Fluctuations

Changes in ground water storage owing to changes in natural
recharge and discharge and to pumping cause fluctuations of watex
levels. Rising water levels usually indicate increases in ground
water storage and declining water levels usually indicate decreases
in storage. Water level records are not adequate to show in detail
long term changes in water levels., The following map shows that
changes have occurred locally during the period 1961-65. Net rises of
more than 50 feet were recorded near Lake Powell, and similar rises
are inferred in the vicinity of other new reservoirs, owing to
increased bank storage around the reservoirs.

Ground Water Storage

The estimated storage capacity in the upper 100 feet of saturated
thickness of aquifers is about 88 million acre-feet, with a range of
estimates of 50 to 116 million.

The following map shows the estimated volume of recoverable
ground water that is stored in the upper 100 feet of saturated rocks
per square mile area; the following tabulation defines the area and
total estimated volume of recoverable ground water in these same
saturated rocks. Groups 2, 3, 4, 5, 6, and 8 contain the largest
volume of recoverable ground water (maximum about 98 million acre-feet)
owing to their great extent. However, the water generally is not
readily available to individual wells, because the rocks as a whole
are poorly permeable and yield the water very slowly., Conversely,
groups 1 and 7 contain the smallest volume of recoverable water
(maximum about 17 million acre-feet), and the water is generally
readily available to individual wells because of the greater perme=-
ability of these rocks.,

20



' \
|
T
N —
rony
- ' =
|
! = 5
3 S AEENEL P ¢ o
r g - e = ) ) :
¢ . e .f-'}. ) ‘F i R RS
| - Ny TR [T N, NS > wy T
. -
Region
Taregion
JUBREG) NS '
Braws #isn A NN Oy
s main sian - -
LEGEND
Lreaa weare pre wrily ave peearal a3t
yiule e tz jive= dulpe
Galle=s pe *ale
(Sone
s more
- The mag i5 bases oo well recars ol By ths 8.3

eguaier o lachin
b can be salely

a) iavestigations.
n, Mors detailed inf

In arsas whare hydrolegic data
dicate the total gquantity of wat
generally can be mage oaly on the oanis of W
avaitadibily af ground water throoghost the Sa

s of 1he Hasin are obtaimal|e ¥r

the diatrict offices of the Water Resaurces Divinien. U5, Gealogic Danver. Colu.: AlBuguergus
W, Mev.i Salt Lake City, Gtan: and Cheyemne, Wys
General availability of ground water
wiLl

UPPER COLORADO REGION

COMPREHENSIVE FRAMEWORK STUDY




are

L T

l‘:r.

B Bas Sans Lebasnsi

Areas where doplhe to ground-water levaln geraraliy are «ithin the |inits given bolow

Faal below land surface

m o -
500-1,000 Leas l::ﬂ Egu!u

[hnu!l, Tess (Mare than more

Lhas 50 along 1,000 (Genarally less than 50

reas hl.uul locally) .Ju' stress bottoes 1t
ware thes 500 oo platesss

ard mear Atream divices

wtere tone
ﬂlll I'l- sl Illc sarface
s Based o= water-lesel recerds collecties oy 10e U5 Geviogical Surver ond cosptrating State. lozal, sed otm Fezeral sgescies,
hslls u —ater ll-ﬂn ™ pome aress are eafimated asg in soas artas inferess o The Dasin of lopograghic saps. This mag i3 intemged oniy m
2 comvemignl guide o geeeral depths ta growsd-water Jevels 1o the Banie. More faisried water-lesel dats for specific parts of the lﬂw are
cotainabie from tae district offices uf the Witer Besgurces Bivinior, W.5. Seological Swtwey, i= Tetsos. Grip.y Deeser. Colo.: Albegeermer.
N Mex.c Salt Lake City. Wtat: and Cheserse. Wis,

General depth to ground-water levels

- AL " mn s T8

= UPPER COLORADO REGION
COMPREHENSIVE FRAMEWORK STUDY

ar

ar



A

{
1

\ = Femiesniie e 4
> > aw

t\i‘iil.\M-“-_ st =
“}_.::,.,,__] LW Y0 M I NG }—

AN BT WA R f

e —— . -

:l:n\-'\l!

n||\i.’_,_..._%‘

“ [
———— e &
i » [ 3
: - o
X CSARFIELD

=% "'.g". = -“"'
‘;".{/‘.'T"I-' A n:\

~ — o O ~J/ B
| e -f\u-; X ;4' m....

- , [),’ e, 9 I: - N E W N "_.“ ._ <

AR A

B Een faes Laininin

Argan where =ef iz groend-sater lewelo. in feat far Lbe S-pear
FEriod easing Dec r 31, 15, sarn within the limits gives Solew

Inferred owing to #1104

Lesn than 5 510 More than IO l;.u than 5 ta mare than E0
af new TElervoirs aince |

Becl ne

= Inadeguate dutd
Leas U {#ny changes are of
{uul lltll“!
was compilod from ulkr-1uﬂ data coliectes by tne 0.3, Geological iurnr and noﬂnuun; State. local,
.ﬂa Lm i places. and more dbtarled data on waler-level

v Federal s dats shown are geners
ﬂm |r. o.l nm !ru laz gistrict offices af the Water Sesources ﬂlvlllzﬂ u. l hlqin! Suyrvey, in
wesen, Aries Cale.: Alesguergus, M. Mea.: Sali Lebe Tity, Ulah; and Cheyen L

Net change in ground-water levels, 1961-65

i3

UPPER COLORADO REGION

COMPREHENSIVE FRAMEWORK STUDY



Py
ar
.
.I
>
"
b7
- Wowines S,
-,'\hl_euul\' \
\——~, =S e
- e _i;_ bad : oy
VR A, TN vt
¥ Lt ? ;
4 %‘P-“ﬁ—\' y -
---‘ o ‘-"-'-h{ -
LEGEND
Areas where the valume of recoverable ground water in the upper 100
foet of saturated rocks would be within the linits glven below
Thousands of acre-feat par squars mile W

o e, I (Neaily etis Moatiy somtstons) Wortly a7 ehe (Most1y whe
- can x
{u'lJlaml’:ﬂ '&l.:} = { . a ‘ml-?‘l'u:h: crnuf!‘u :I;::]
stone

The mag 18 based entirely on estimated specific yields of the weriows rock bypet in which water oocers, Tea !xm ard =

tesded only &3 8 Conwen emi indes to Ibe relative volemes of sitisately recoversdle growsd water in siorage. Weere gotential

recharge is small, the guastety of recoveradie saler say be fess thes {lﬂ shgua; ohere potestial recaarge ia large. ike

.q,-h: receverasle =3, Be Iurv than that shoee. Also. the =23 conpiled without regard te chesical ewality of grosns

water. Determizatioss of gesslity asd geality of saler thal cun S develcees (= sop Jielm av2a c3= B made only 2= tha Basin ol
af dotar led a-u-nhphra. Asdrtioral f2ta in r— sarts of the Sasie are d‘-.mlt from the sistrict shtices of tae

water wwision, 0.3, Geelogical Sureey, i Tetsen, Srig.: Besver, Colo.: Mbageargee. N Mes.: Jalt Lshe City. Stes

2
=g Cheyanne, Wyo
Estimated quantity of ground water stored in the upper 100 feet of saturated rocks

™ ay L 1 Sy

UPPER COLORADO REGION

COMPREHENSIVE FRAMEWORRK STUDY



PART V GROUND WATER

Estimated storage of recoverable ground water
Upper Colorado Region

Storage
Saturated

Hydro- Area Specific thickness Water
logic Square 1,000 yield used 1,000 acre-feet
group miles acres (percent) (feet) Minimum Maximum

1 1,300 830 5-15 50 1/ 2,100 6,200

7 3,500 2,240 2-5 100 4,480 11,200
2, 4 62,400 39,930 1-2 - 100 39,900 © 79,800
5, 6 12,200 7,812 0.5-1 100 3,900 7,800
3, 8 33,100 21,180 0.0.5 100 10,500
Total 112,500 71,992 50,380 115,500

1/ sSaturated thickness less than 100 feet in most parts of the
basin.

Utilization of Ground Water

Table 3 shows the estimated average annual volumes of ground
water withdrawn and consumed for various uses during the period
1961-65. These estimates are based in part on figures submitted for
compilation of U. S. Geological Survey Circular 456, "Estimated Use of
Water .in the United States, 1960," and in part from preliminary
figures submitted for a similar publication of estimated water use in
1965, According to table 3, total volumes of water withdrawn and con-
sumed averaged about 133,000 and 40,000 acre-feet per year, respectively.
Most of the water was withdrawn for industrial supply.
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PART V GROUND WATER

Table 3 - Estimated average annual use of ground water,
1961-65, Upper Colorado Region

New Total
Use Units Arizona Colorado Mexico Utah Wyoming (rounded)

Irrigation

Full Acres . 0 3,000 0 4,000 1,300 8,300

Partial Acres 0 4,700 0 6,900 1,200 12,800

‘Withdrawal Ac-ft 0 18,000 0 22,000 4,600 44,600

Consumptive use Ac-ft 0 8,600 0 10,700 2,300 21,600
Industrial

Withdrawal Ac-ft 12 56,000 340 600 4,400 61,400

Consumptive use Ac-ft .6 5,600 310 60 440 6,400
Public supplies

Persons served No. 0 29,900 0 41,000 70,900

Withdrawal Ac-ft 0 11,200 0 13,800 335 25,300

Consumptive use Ac-ft 0 2,500 0 3,400 85 6,000
Domestic and stock

Persons served No. 8,300 83,700 19,000 47,000 19,400 177,400

Withdrawal Ac-~ft 650 9,400 1,600 3,900 1,600 17,200

Consumptive use Ac-ft 160 2,400 830 975 400 4,800
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Effects of Ground Water Withdrawals

Under existing conditions of ground water development, effects of
withdrawals are not widespread and are limited for the most part to
local interference between discharging wells. However, any large
scale development in the region might ultimately cause widespread
effects on the water resources regimen. The most significant effects
could be an ultimate decrease in streamflow, changes in chemical
quality of the ground water, and decrease in natural discharge from
shallow aquifers.

A close relation exists between ground and surface water
resources. During periods of maximum overland runoff, water moves
from stream channels into adjacent aquifers as ground water recharges.
Conversely, during periods of minimum overland runoff, ground water
moves into stream channels to augment streamflow. Any large scale
development of ground water in the basin, therefore, would ultimately.
result in decreased streamflow. For example, more streamflow would be
lost during high runoff periods to replenish depleted ground water
supplies, and less ground water would be available to support stream-
flow during periods of low flow.

In some areas, aquifers containing fresh water are overlain or
underlain by aquifers containing saline water. Large withdrawals from
the fresh water aquifers would tend to decrease the pressure in those
aquifers, thereby inducing recharge from the saline water aquifers and
ultimately causing deterioration of the fresh water aquifer,

Large increases in ground water withdrawals may reduce consumptive
use by nonbeneficial vegetation. Phreatophytes grow unchecked in many
parts of the region, particularly in alluvial plains, If increased
pumping resulted in a significant lowering or fluctuating of water
levels in the root zones of phreatophytes, consumptive use by these
nonbeneficial plants would be greatly reduced.
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PART VI

STREAM MANAGEMENT

Impoﬁndments

A total of 581 reservoirs, having capacities ranging upward from
a minimum of about 50 acre-feet, have been constructed by Federal and
non-Federal entities to provide storage regulation for the various
water uses, This number includes Flaming Gorge Reservoir on the Uppe
Green River, Navajo Reservoir on the Upper San Juan River, and Lake
Powell on the Colorado River that were constructed as features of the
Colorado River Storage Project. The number does not include some
22,000 man-made stock ponds that have been constructed to provide
drinking water for livestock. Exclusive of fish and wildlife and
municipal and industrial reservoirs, the reservoirs have a total
active capacity of 29,705,800 acre-feet.

H

Reservoirs constructed as of 1965,
Upper Colorado Region

Type of Reservoir Number Active Capacity

Acre-feet

Irrigation
Federal 18 2/3 1/ 2,023,300
Non-Federal 290 751,600
Subtotal 308 2/3 2,774,900
Fish and Wildlife 232 -
Municipal and Industrial 30 -
Main Stem Regulation 2 25,748,900
Export Regulating and Exchange 8 1/3 1/ 1,182,000
Total 581 29,705,800 ;

1/ 2/3 of storage in Green Mountain Reservoir for irrigation;
1/3 of storage for exchange.
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Release Patterns

Operating criteria have been developed to fit the needs and
functions of the individual reservoirs based on full recognition of
water rights priorities and other legal restraints affecting the
availability of water for storage. Water, stored during the nonirri-
gation season and during the snowmelt-runoff period when water is
surplus to needs, is released to supply specific uses in accordance
with established demand patterns., Irrigation demands are usually
“first met by direct diversion of available natural streamflows. As

the streamflows diminish in the late summer, storage water is released
as needed to supplement the natural flows in meeting the irrigation
demand., Reservoir releases for irrigation usually begin in July and
end in September or October, Reservoirs operated to supply municipal
and industrial water are operated to supplement natural streamflows
available under direct flow rights in much the same way as for irri-
gation., Reservoirs for fish and wildlife and recreation are maintained
at full stage as nearly as possible., Operations for flood control are
based on progressive runoff forecasts that predict the magnitude of

the seasonal flood runoff. Using the forecasts as a guide, reservoirs
being operated for flood control on a joint use basis are drawn down

to provide the necessary storage space to control the predicted flood
flows. The coordinated flood control and filling operation is designed
with the objective of filling the reservoirs by the end of the high
runoff season. Provisions for inviolate flood control capacity has

not been found necessary in any of the region reservoirs.,

Constraints
The water codes of the various states within the region, together
with several legal documents of interstate and international signifi-
cance, are commonly referred to as the "Law of the River.”
Discussions on the state water codes, compacts, and treaties are:

contained in Appendix III, "Legal and Institutional Environments.'

Main Stem River Regulation

A further modification is being effected by the main stem
regulatory facilities of the Colorado River Storage Project. 1In the
process of Main Stem regulation, evaporation from these reservoirs
becomes an additional depletion, the magnitude of which is dependent
upon the fluctuation of the regulatory facilities as they store and
release water to meet the Colorado River Compact obligations.
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Initial Filling Criteria

The Secretary of the Department of Interior has been operating
the regulatory facilities under his initial filling criteria published
in the Federal Register on July 19, 1962 (27 F.R. 6851). Inasmuch as
long~range operating criteria have, for all practical purposes, now
replaced the initial filling criteria, detail discussion will be
reserved for the long-term operating criteria.

Long-Range Operating Criteria

Public Law 90-537, The Colorado River Basin Project Act, required
the Secretary to adopt criteria for long-range operations under guide-
lines set forth in the Act not later than July 1, 1970. On June 9,
1970, there were published in the Federal Register '"Criteria for
Coordinated Long-Range Operation of Colorado River Reservoirs."

In promulgating the long-range criteria the Secretary, over the
objection of Upper Colorado Basin interests, retained from the original
filling criteria charges against the Upper Basin for deficiencies in
generation of firm power at the Hoover Powerplant incident to the
initial filling of the Upper Basin storage reservoirs. At the option
of the Secretary, the deficiency charges are to be met by either
energy generated at the Upper Basin powerplants or energy purchased
from funds out of the Upper Basin Account. The Secretary has indicated
that, since all Upper Basin power is now covered by contract, future
deficiencies will be supplied from power purchased with funds from the
Upper Basin Account. P.L. 90-537 provides that such funds be replaced
at the rate of $500,000 per year from the Colorado River Development
Fund supplied by Hoover powerplant revenues and any amounts unpaid
after 1987 be taken from the Lower Basin Account. There are no pro-
visions for reimbursement for energy generated at the Upper Basin
powerplants for the deficiency purposes.

The long-range criteria provide the guidelines and regulations for
coordinated operations for various purposes of the reservoirs of the
Colorado River Storage Project in the Upper Basin and Lake Mead in the
Lower Basin. Such operations are to be administered consistent with
applicable Federal laws, the Mexican Water Treaty, interstate compacts
and decrees relating to the use of the waters of the Colorado River.

A formal review of the operating criteria will be made by the Secretary
at least every five years with the states participating. Annual
reports on past and contemplated annual operations are to be trans-
mitted to the Congress and the Governors of the Colorado River Basin
States.
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Of particular importance to the Upper Basin interests is the
provision that sufficient water is to be retained in storage in the
Upper Basin reservoirs to assure delivery of water at Lee Ferry as
required by the Colorado River Compact without impairment of Upper
Basin consumptive uses. Such storage, in the amounts to be determined
annually by the Secretary, constitutes the first call on the waters
produced above Lee Ferry. Next, Lake Powell is to acquire the same
amount of active storage as found concurrently at Lake Mead. During
these two conditions the objective shall be to maintain a minimum
release of water from Lake Powell of 8,23 million acre-feet per year.
However, in order to meet the Compact Lee Ferry requirements of
75,000,000 acre~feet for the 10-year period ending September 30, 1972,
there is recognized the need for releases greater than 8.23 million
acre-feet in the years ending September 30, 1971 and 1972, This is
due to the small releases at Glen Canyon Dam following closure in 1963.

When Lake Powell has retained the same amount of water as found
concurrently in Lake Mead, releases greater than 8.23 million acre-
feet annually are to be made from Lake Powell (a) to the extent they
can be applied to downstream consumptive uses, (b) to maintain equal
storage in Lake Powell and Lake Mead, and (c) to avoid spilling Lake
Powell, All such releases shall be through the Glen Canyon powerplant
and, when necessary, adjustments in requirements (a), (b), and (c)
above are permissible to avoid a bypass of water around the Glen Canyon
powerplant.

A disclaimer is included in the criteria as to the magnitude of
the specified releases with respect to the actual requirements of the
Compact.

The criteria also furnishes guidelines for the operation of Lake
Mead, many of which have little or no effect upon the Upper Basin. .
However, the principle of equal opportunity for storage in Lake Powell .
and Lake Mead has the effect of sharing draw down at both reservoirs
in meeting out storage water for downstream consumptive uses. Thus
Upper Basin interests are particularily concerned with any buildup
of excessive uses or wastes in the Lower Basin.
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NEED FOR ADDITIONAL HYDROLOGIC DATA

Stream Gaging

The hydrologic data collection networks generally are adequate to
meet the needs associated with water resource development in the area.
Systematic collection of streamflow data began in 1894 with the
establishment of gaging stations on Colorado and Gunnison Rivers at
Grand Junction, Colorado; Green River at Green River, Utah; and Price
River at Wellington, Utah. Stream gaging expanded slowly, and by 1911
records were being obtained at 116 sites. The number of stations
decreased between 1911 and 1929, 1In the latter year the Congress
adopted a program of cooperation on a 50/50 basis with the states for
stream gaging by the Geological Survey. This cooperative arrangement,
coupled by the serious droughts of the 1930's and the needs of the
Bureau of Reclamation for more streamflow data gave impetus to the
stream gaging program, The number of stream gaging stations in the
region currently being operated is about 322, In addition gages are
maintained at 40 of the over 100 large reservoirs (over 1,000 acre-
feet) to record stage fluctuations.

Water Quality Sémpligg

Systematic collection of chemical-quality data began in 1928-29
when chemical quality stations were established on Colorado River near
Cisco, Utah, on Green River at Green River, Utah, and on San Juan
River near Bluff, Utah. At the present time water quality is being
monitored daily at about 139 stations., 1In addition to the daily
records of chemical quality, chemical analyses are available for more
than 850 miscellaneous sites, most of which are at, or near stream
gaging stations.

Sediment Sampling

The collection of suspended sediment data was initiated in 1905
at five sites but discontinued after 1906, It was not resumed until
1929, when daily samples were taken on the Green River at Green River,
Utah, San Juan River near Bluff, Utah, and Colorado River at Lees
Ferry, Arizona. Between 1948 and 1951 the number of daily suspended
sediment sampling stations was greatly increased and by 1957 daily
suspended sediment data had been obtained at 21 sites. At the present
time daily suspended sediment data is being obtained at 13 sites and
suspended-sediment samples are being collected periodically at about
200 other sites.
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Climatological Data

Climatological data are currently being collected at 235 stations.
The types of data collected at these stations are as follows:

Type of Data No. of Stations

Precipitation only - nonrecording 20
Precipitation only - recording 4
Precipitation only - storage 53
Precipitation and temperature - nonrecording 105
Precipitation and temperature - recording 0
Precipitation and temperature - both types 20
Precipitation, temperature, evaporation - nonrecording 16
Precipitation, temperature, evaporation - recording 0
Precipitation, temperature, evaporation - both types 6
More detailed meteorological data 11
Snow water content - snow courses 176

snow pillows - recording 11

aerials 21
Soil moisture units 26
Streamflow forecasts 56

Snow surveys for water supply forecasting
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General Conclusion

In general it appears that the hydrologic and meterologic data
collection network in the Upper Colorado Region has been adequate for
operation of large reservoirs and making broad studies. Current
demands for additional data will require a large expansion. The
number of stations may remain almost constant. Some new ones may be
added, but some older stations may be dropped. The expansion will be
in amount of data collected. There is a particular need for a
hydrologic network applicable to small drainages.

Demands for additional real time reporting of all hydrometeorological
data collection will be required for flood control, power generation,
avalanche control, municipal water control and many other water
oriented fields.
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TECHNOLOGICAL ADVANCEMENTS

Introduction

The following are brief summaries of several potential
advancements which may occur in the foreseeable future in the fields
of water management techniques and water supply augmentation prepared
from materials furnished by wvarious experts in each field under the
direction of the Pacific Southwest Inter-Agency Committee., Most of
these potential advancements are of a relatively unproven nature,
requiring more research and understanding before concluding their
feasibility.

Hydrometeorological Forecasting

Hydrometeorological forecasting is primarily a management tool
aimed at increasing man's foresight and understanding of the factors
which influence the occurrence and distribution of water. As such,
forecasting cannot increase the amount of renewable water but allows
for better utilization, management, and control of existing supplies.

One of the greatest impacts to hydrometeorological forecasting in
the last few years has been the advent of the satellite program. A
multitude of experiments are currently in progress, including the
measurement of vertical distribution of temperature in the atmosphere,
the collection, via satellite, of surface data from remote land-based
stations, attempts to relate satellite radar data to rainfall, and
many others. Strides are also being made in automated surface data
collection systems which would provide more varied and timely data
from existing data sites and from presently data-sparse areas. Many
other potentials for future investigations are also possible.

The ability to collect selected data when and where it is needed,
coupled with the use of computers to rapidly evaluate and correlate
this data, promises many improvements in the field of hydrometeorol-
ogical forecasting.

Desalination

Desalination, whereby sea water or brackish inland water is
converted to fresh water, shows promise of becoming a major source of
fresh-water supply. The basic methods of desalination have long been
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known; the problem is to produce large quantities of fresh water at a
cost that is competitive with that for water obtained from conventional
sources.

Recent investigations have indicated that in large plants (50
million gallons daily or more) the water cost would be around 30 cents
per thousand gallons. That cost is competitive in some areas for
domestic and industrial use but it is far beyond the economics of a
supply for irrigation operations, where prices generally range from 5
to 10 cents per thousand gallons., Future cost reductions depend upon
improving existing processes and design, finding better and cheaper
materials for construction, obtaining further economies by building
larger plants, and selling by-products in the form of heat, energy,
and chemicals.

The Bureau of Reclamation recently completed a report exploring
the potential of augmenting the Colorado River by desalting sea water
to establish the expected feasibility of such a plan. Plans were -
analyzed for dual-purpose plants located on the coast of southern
California and the Gulf of California and relied upon projected
techniques for combined nuclear-desalting and thermal-electric plants.
The base plan called for staged plants with an annual capacity of 2
million acre-feet by year 2010. The Upper Colorado Region could
benefit from coastal desalination plants by water exchanges in the
river system.

Evaporation Suppression

Controversy exists concerning the ultimate benefits to be derived
from evaporation-reduction operations. Work done by the Bureau of
Reclamation and others during the past several years indicates that it
may be feasible to increase the usable water supply by evaporation-
reduction techniques under favorable conditions. However, technical
problems exist and work continues on improving the methods for
applying, maintaining, and evaluating the effectiveness of evaporation
retardents on water surfaces.

Various chemicals and compounds have been utilized in the form of
solid chunks, flakes, finely-divided powders, molten sprays, solutions,
and emulsions to form monomolecular films on water surfaces to retard
evaporation. Each form has been found to have its advantages and its
disadvantages, and none has proved to be a panacea for solving the
myriad problems encountered in field applications, particularly that
of maintaining a film on the water surface in the presence of wind or
waves.,
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Large-scale tests performed or sponsored by the Bureau of
Reclamation indicate a capability of reducing lake evaporation losses
by 8 to 14 percent at an operational cost of about $60 to $70 per acre-
foot., Future improvements in techniques and the efficiency of opera-
tion may reduce costs to a point where such operations would be
justified for municipal and industrial uses. '

Flow Measurement Techniques

Instrumentation in hydrology has developed greatly within the
past few decades. Electronic circuitry is being adapted to replace
mechanical equipment for measuring stages and velocities. Such
devices as the optical current meter (for reading very high surface
velocities without physical contact with the water) and the sonic
velocity meter (for continuous recording of average velocity on a
cross-channel line) help us gather streamflow data that has been
difficult or impossible to collect. Equipment to measure tracer
materials can help to determine the diffusing and mixing properties of
waterways and to measure the rate of movement of delimited masses of
water. Unmanned installations (quality of water monitoring stations)
that can sample streamflow and record the concentration of sediment and
of many solutes are being operated at sites of special interest. Such
equipment must be improved and brought into more general use.,

Laboratory studies of the use of dam crests, bridge constrictions
and other waterway structures as measuring devices have been made, but
more such studies are needed. There is also great need for sensors of
water level, water depth, and streamflow that can operate without
direct contact with the water itself, in order to reduce vulnerability
to damage.

Techniques and equipment for determining the directions and rates
of underground flow are as yet poorly developed, and the changes in
chemical quality of water during its residence underground are as yet
inadequately understood. There may be advances in the use of tracer
substances to determine the nature of underground flow, and there is
need for more complete metering of withdrawals from ground water.

Greatly refined measurements of all the surface components of the
hydrologic budget are necessary to determine the recharge to ground
water. There will undoubtedly be advances in the technology of inter-
pretation of cores and well logs, in seismic exploration, and perhaps
in completely new methods of determining the nature of aquifer charac-
teristics. Advancements in these fields (study of the hydrologic
budget and study of aquifers), and in the application of methods
already known but as yet considered too costly for use in hydrology,
together would greatly increase our knowledge of the underground
regimen of water.
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Development of the electronic digital computer together with
automated methods of assembling and recalling data have made possible
extensive manipulation of data and examination of postulated inter-
relations. These advances have in turn aided in the development of
synthetic hydrology, or the modeling of hydrologic systems, wherein
simulated records of hydrologic variables can be produced that include
known and assumed statistical characteristics of the parent population,
thus providing a hypothetical scheme of future behavior that can aid
in planning., It is likely that the relative magnitude of unexplained
variability remaining in the simulated regimens will decrease, as
length of record, refinement and verification (or rejection) of postu-
lated relations, and improved techniques of analysis provide a wider
base of knowledge for the processes of synthetic hydrology. The
geometry and chemistry of the ground-water system, both as reservoir
and as conduit, are extremely complex. The next several decades will
undoubtedly see great efforts to define aquifer properties, and both
measurements and models of these characteristics will be employed.

Almost certainly, improvements in instrumentation and
communication, together with the increasing pressure for optimum water
use and for protection from floods and from pollution, will bring
about an increase in the demand for '"'real-time' data. Water manage-
ment that makes efficient use of such data must rely upon programmed
analyses of the hydrologic system to rapidly assess the time, place,
and nature of input. It must compare the merits of competitive
current needs and evaluate the effect upon the resource itself
(including changes in chemical and physical quality as water passes
through the various surface and underground components of the system,
and changes in location determined by the varied needs of the system).
Within the context of these variables, it must evaluate the probabili=-
ties of variations that may occur within the input-use-output system.
Such management decisions will require an extensive net of sensing
devices, registering at some remote central point almost instantaneously;
knowledge of the probabilities associated with short-term variations
in regional climate and in subregional water needs; knowledge of the
effects of each potential use upon the water resource itself, and the
capability for rapid comparison of these variables with a pre-selected
set of operating rules. These requirements can be met within our pre-
sent technological competence, but at great expense, The cost of
managing a hydrologic system in such a manner may be much less in the
future (at least, in proportion to the benefits that can be realized)
as the use of the components becomes more general,

Automation will continue to reduce the time required for
processing all data. Recently, such devices as digital recorders (in
the field) and translators (to introduce the field data into computer
storage) have come into wide use. The equipment itself and the methods
of data processing are still in their infancy; as maturity approaches,
probably in the near future, their promise of great speed and accuracy
will be fulfilled.

34



PART VIII TECHNOLOGICAL ADVANCEMENTS

Techniques that provide region-wide indexes of the rates of flow
and the changes in quality of water are constantly being improved.
The electronic computer has been prominent in the improvement, but the
availability of broader-based and more accurate data has also been and
will continue to be important to the development of such techniques.
There will probably be need for fewer data collection points,. but a
broader scope of data from those points,

Subsurface Water Storage

The use of subsurface storage conjunctively with surface storage
is necessary for the maximum development of the water resource. With-
drawals from the ground-water reservoirs during a cycle of dry years
would be offset by planned recharge during the ensuing wet years. Con-
junctive use of storage requires that surface reservoirs impound stream-
flow which is then transferred at an optimum rate to ground water
storage. Present knowledge of ground water reservoirs is far less than
adequate for efficient water management and is dependent largely upon
inferences from data that can be obtained from drilling wells, pump
tests, etc. Advances are needed in sensors that penetrate below the
land surface and in these reservoirs; also in the principles of
sedimentation and other determinants of permeability, that will enable
extrapolation and interpolation of scattered point data. Development
of an adequate technology for artificial recharge is also needed. 1In
addition to the technical problems of ground water management, present
social and legal concepts will require modernization.

Nuclear Explosives

The controlled use of nuclear explosions offers a significant
potential for dollar savings in the future construction of large-scale
water resource development projects. 1TIts future role will likely be
to complement conventional chemical explosives and mechanical excava-
tion methods. Potential applications in this capacity are numerous.
Another possibility is the forming of underground water storage facili-
ties, thereby reducing evaporative losses associated with surface
storage. Liquid wastes might also be stored in these underground
cavities. One of the present disadvantages of the use of nuclear
devices is the need for water contamination controls from radioactive
materials.
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Weather Modification

Weather modification as an operational tool represents a source
of new or additional water for a basin by producing runoff from precipi-
tation that normally would not have fallen on the basin. Research into
precipitation management is being actively pursued in the Western
United States to develop methods for beneficially modifying weather
elements important to the area's water resources. Current techniques
involve adding proper quantities of minute particles to selected
clouds to change cloud composition and help form more raindrops or
snowflakes. Commonly called '"cloud seeding," it is usually done by
burning silver iodide mixtures. The relatively large increases in
runoff that may be expected combined with probable low operational
costs, program flexibility, and the high quality of water produced
make precipitation management a unique method for increasing the water
supply. More research is needed to develop a better understanding of
the physical mechanisms of precipitation and the statistical effects
of cloud seeding operations, and to improving existing techniques. O0f
great importance are the legal, environmental, and economic aspects
that must be considered before large~scale modification of precipitation
may be relied upon as an additional water source,

Watershed Treatment

Research conducted in the United States over the last 60 years has
amply demonstrated that various land management activities and water-
shed treatment measures can affect rates of soil loss, debris-sediment
content in streams, total water yields, timing of waterflows, and water
quality. The type and degree of change following a specific activity
or treatment on any given area is a function of climate, geology, soils,
topography, vegetation, and other factors of the environment.

Manipulation of vegetative cover and other water yield improvement
techniques can result in increased streamflow without damage to the
watershed or to areas downstream if the activity is carefully planned
and executed as a part of a coordinated land and resource management
program. The danger lies in proceeding too fast with too little
knowledge of the intricate plant-soil-water and other environmental
relationships involved. Ill-conceived, poorly executed programs are
likely to cause considerable damage to watershed soils and water
quality and add to flood problems. Close coordination between weather
modification programs and watershed treatment programs will be
essential to minimize any adverse effects of anticipated increases in
precipitation.
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Harvesting of trees in the spruce-fir, lodgepole pine, white fir-
Douglas fir, or aspen vegetation types can result in increased stream-
flow. Research in the snowpack zone of the commercial timber types has
shown that specially designed timber harvest practices can increase
water yields from the area treated by significant amounts. These
practices, which modify snow accumulation patterns and snowmelt rates,
reduce evaporation losses and prolong the snowmelt period. Thus, more
of the precipitation is available for streamflow and at a time when it
is most needed downstream. Specially designed timber harvest practices
can be complementary to weather modification projects by causing more
efficient use of the increased precipitation. Without any specially
designed treatment, much of the precipitation in the snow zone returns
to the atmosphere through evapotranspiration.

Similar opportunities for water yield improvement through
vegetation management exist in many areas of noncommercial forest and
in brush lands in the Upper Colorado Region. However, the potentials
and limitations of each area much be carefully considered. For
example, studies in the pinon-juniper vegetation type indicate that
type conversion by removal of the pinon-juniper overstory and establish-
ment of a range grass-type does not increase streamflow measurably.
Due to a combination of factors including limited precipitation, soil
characteristics and associated water-holding capacities, plant rooting
depths, and high potential evapotranspiration, the replacement vegeta-
tion uses as much water as the pinon-juniper. The principal benefit
of such treatment is to utilize available water to better meet the
needs of man. ‘

Under certain circumstances, mechanical treatment and revegetation
of severely depleted watersheds may result in some decrease in total
streamflow due to the reestablishment of riparian vegetation along
stabilized stream channels and to the stabilization of revegetation of
adjacent slopes. The primary benefits of this activity are the decrease
in soil loss and attendant debris and sediment and the modification of
extreme high and low water flows. Any reduction in streamflow has to
be regarded as the cost, in water, of protection from floods and sedi-
mentation, stabilization of age=-old soil and of stream channels,
increased range forage, improved wildlife habitat, and protection of
fishery and recreation values along the stream.

Snow management in the alpine zone as an operational tool offers
promise for improving timing of water yields.. Research is actively
being pursued in the Rocky Mountains to develop methods for controlling
snow accumulation and snowmelt. Current techniques involve installa-
tion of snow fences, avalanche control, and application of materials
to retard evaporation and control rate of snowmelt.
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Efficient Use of Water

'In arid areas many ingenious schemes exist and are being
investigated for more efficient use of water. Many improvements in
irrigation water management can increase production per unit of water
used. Technological advancements in more efficient use of water are
being made in mining, thermal power production, and industries.
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PRESENT WATER USE

Summary of Present Water Uses

On-site depletions for 1965 related to man's activities were 3.45
million acre-feet. These depletions represent the average annual uses
at the 1965 level of development., Data have been adjusted where
necessary to reflect average conditions that may not have occurred in
some areas during the year 1965,

It should be specifically noted that these estimates of on-site
depletions were made for the purposes of this framework study and are
not to be construed as depletions charged to the various states under
the provisions of the Colorado River and Upper Colorado compacts. 1In
particular, they are site-located and do not necessarily reflect
direct relationships to streamflow diminishment at Lee Ferry.

By far, the largest depletion was by the 1.62 million acres of
irrigated crops, associated seeped and incidental phreatophyte areas,
and irrigation reservoir evaporation, which is 62 percent of the ‘total
or 2,13 million acre-feet. Minor water uses for other purposes were
municipal and industrial (0.8 percent), minerals and power (1.6 per-
cent), stockpond and livestock use (1.0 percent), and recreation and
augmented fish and wildlife (.4 percent). Over one-half million acre-
feet of water was being exported from the region by Colorado and Utah.
Evaporation losses from main stem regulating reservoirs for 1965
conditions of normal operation were 643,000 acre-feet.

For flexibility in analysis and planning, the region has been
divided into three subregions comprising the natural drainage basins
of the Green River, Upper Main Stem, and San Juan-Colorado. The Great
Divide Closed Basin is included in the Green River Subregion.
Summaries of stream depletions computed for the Upper Colorado Region
by types of use for each subregion, and state follow. Respective
companion appendices provide the sources and details of this data.
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Table 4 - Water uses by states, 1965, Upper Colorado Region

On-site depletions (acre-feet)

New
Type of use Arizona Colorado Mexico Utah Wyoming Total

Municipal and industrial 1,500 15,900 2,400 5,000 2,600 27,400
Electric power (thermal) 3,200 15,300 1,300 3,400 23,200
Minerals . 16,900 1,600 9,400 5,800 33,700
Fish and wildlife 600 2,700 400 7,900 100 11,700
Recreation 700 100 300 200 1,300
Stockpond evaporation and

livestock use 1,100 20,700 2,400 6,200 4,500 34,900

Subtotal 3,200 60,100 22,200 30,100 16,600 132,200

Irrigation

Consumptive use 4,400 991,300 76,000 404,400 221,200 1,697,300

Incidental use 500 198,700 15,000 81,000 20,400 315,600

Reservoir evaporation 2,000 27,100 31,700 30,200 23,900 114,900
Total irrigation 6,900 1,217,100 122,700 515,600 265,500 2,127,800
Export

Diversions 417,100 109,500 526,600

Reservoir evaporation 12,300 11,400 23,700
Less water import , (2,600) 12,600)

Subtotal of agll above 10,100 1,706,600 144,900 664,000 282,100 2,807,700

Main-stem reservoir

evaporation 643,000 1/
Region total . 3,450,700

l/ Flaming Gorge Reservoir (67,000 acre-feet) and Lake Powell (576,000 acre-feet).

Table 5 - Water uses by subregions, 1965, Upper Colorado Region

On-site depletions (acre-feet)

Green Upper San Juan=- Region

Type of use River Main Stem Colorado total
Municipal and industrial 7,900 12,300 7,200 27,400
Electric power (thermal) 6,300 1,600 15,300 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
Stockpond evaporation and

livestock use 13,300 11,200 10,400 34,900
Subtotal 53,200 38,800 40,200 - 132,200
Irrigation
. Consumptive use 662,400 747,400 287,500 1,697,300
Incidental use 113,600 167,300 34,700 315,600
Reservoir evaporation 42,400 16,900 55,600 114,900
Total irrigation . 818,400 931,600 377,800 2,127,800
Export ¥
Diversions 109,500 414,600 2,500 526,600
Reservoir evaporation ) 11,400 12,300 23,700
Less water import (2,600) (2,600)
Subtotal of all above 992,500 1,397,300 417,900 2,807,700
Main-stem reservoir
evaporation 67,000 1/ 576,000 2/ 643,000
Region total 1,059,500 1,397,300 993,900 3,450,700

1/ Flaming Gorge Reservoir
2/ Lake Powell
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Present Uses (1965)

A brief description of present (1965) water uses follows. More
detailed coverage on depletions is presented in appropriate appendices
for each item.

Municipal and Industrial

Basic municipal, rural household, and industrial use by the
366,000 people in the hydrologic region was 25,100 acre-feet (64 gpcd).
Evaporation from 30 municipal reservoirs was 2,300 acre-feet.

Electric Power

The 1965 water depletion by steam-electric generation plants was
23,200 acre-feet. This water was consumed primarily at 13 utility
plants and several industrial plants which have a total capacity of
about 1.3 million kilowatts. Principal use was for condenser cooling
purposes., Water is consumed by once-through systems as well as by
cooling-tower, and cooling-pond systems. The losses are due princi-
pally to induced evaporation as the temperatures of the heated
effluent reaches equilibrium with ambient temperatures. Water is used
for hydro-power but is not depleted by its use.

Minerals )

Mineral industry water use in 1965 was 33,700 acre-feet.
Estimates were computed primarily from the Bureau of Mines' 1962 water
canvass and 1962-66 statistics. Depletions represent 39 percent of
diversions for mineral industry activities.

Augmented Fish and Wildlife

The combined consumptive use total was 11,700 acre-feet, with
6,700 acre-feet for fish facilities, and 5,000 acre-feet for wildlife
facilities. Evaporation from water areas was computed only on those
'facilities constructed and utilized primarily or specifically for fish
and wildlife. 1Installations and facilities having water use numbered
104 for wildlife and 111 for fish.

Recreation

The amount of water consumed for recreation was not of major
significance. Most was used at associated service facilities. The
computed use is 7.70 gallons per recreation day for 56 million recre-
ation days in the region, or 1,300 acre-feet., No reservoir has
recreation as a dominant purpose, excluding fishing and wildlife
facilities discussed in the preceding section.
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State development for outdoor recreation

Stock Water Facilities and Livestock Use

Average annual evaporation from 22,035 manmade stockponds, used
primarily for livestock water, was 23,900 acre-feet. An average
annual 64 percent fullness factor (varying from 30 to 87 percent) is
considered in computing evaporation on the total water surface area of
14,600 acres. Data on size and number of ponds are based on records
of Bureau of Land Management, Forest Service, Bureau of Indian Affairs,

and Soil Conservation Service. Livestock use by approximately one
million animal units was 11,000 acre-feet.
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Incidental use on water-consuming, noncropped areas was charged
on those areas which consume water incidental to the cropped lands as
a result of the practice of irrigation. Incidental consumptive use
was estimated at 315,600 acre-feet or 18,6 percent of the consumptive
use by irrigated crops. Incidental water use values for New Mexico
and Utah are the figures in the 1948 Upper Colorado River Compact
Commission's Advisory Committee Report. Recent survey data from the
Wyoming State Water Plan was used for Wyoming. Colorado data are from
recent Type IV River Basin Cooperative Studies by the Colorado Water
Conservation Board and the U. S. Department of Agriculture. Incidental
water use in Arizona was estimated at 10 percent of consumptive irri-
gation requirement.

Reservoir Evaporation

Evaporation from 309 irrigation reservoirs for 1965 normalized
conditions was 138,600 acre-feet. These reservoirs provide 2.77
million acre~-feet of usable capacity for regulation of streamflow.
The 1965 normalized evaporation on reservoirs is based on operation
studies under normal operating conditions. Data have been adjusted
where available to reflect average conditions that may not have
existed during 1965, On many reservoirs operational data are not
available and estimates were made using general relations of supply
and demand.

0f the amounts shown above, evaporation from regulating and
exchange reservoirs used in connection with export was 23,700 acre-
feet. Storage in the 8 1/3 reservoirs used for this purpose was
1,182,200 acre-feet., The fraction shown allows for one-third of the
storage of Green Mountain Reservoir for export purposes, the balance
of storage is for irrigation.

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 1965 normalized evaporation on the reservoirs is based on
Bureau of Reclamation operation studies under normal operating
conditions.

Imports
Inflow to the region through a transmountain diversion from

Sevier River in the Great Basin to Paria River averages 2,600 acre-
feet. This represents a credit against local use within this region.
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Transmountain Diversions (Exports)

Transmountain diversion records for 39 of the current operative
export facilities were analyzed to reflect present average export dis-
charge from the region, recognizing that during any one year many
factors in addition to supply and demand affect the diversion dis-
charge. Normalized 1965 discharge by 22 diversions in Colorado is
417,100 acre-feet, and by 17 diversions in Utah is 109,500 acre-feet.
Intraregional movement of water from one subregion to another is not
included in these figures. Diversions in Utah of 109,500 acre-feet
are to the Great Basin. Colorado diversions are: 353,400 acre-feet to
the Platte River, 60,600 acre-feet to the Arkansas River, and 3,100
acre-feet to the Rio Grande as shown in tables 6 and 7.

Annual summaries of estimates and recorded diversions for 43 of
the 47 facilities in the Upper Colorado Region are contained herein. 1/

1/ Fremont Pass Ditch - discontinued in 1943
West Hoosier Ditch - discontinued in 1939
East Hoosier Ditch - discontinued in 1940
Jones Pass Tunnel -~ included in Moffat Water Tunnel in 1959
Monte Cristo Tunnel - included in Hoosier Pass Tunnel
Bemrose Hoosier Diversion - included in Hoosier Pass Tunnel
McCullough Diversion - included in Hoosier Pass Tunnel

1965 to present update: Cheyenne-Laramie Diversion in Green
River Subregion was added in 1967.
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Table 6--Index to transx}xountain diversions gages, localtion, and records, Upper Colorado Region

Records Average
available annual
Diversions (water diversion
Gaging station From river basin To river basin years) (ac.-f%.)
Raber-Lohr Ditch at Weminuche Pass, Colo. San Juan River Rio Grande 1938-65 1,550
Piedra Pass Ditch at Piedras Pass, Colo. San Juan River Rio Grande 1940-65 79.3
Squaw Pass Ditch at Squaw Pass, Colo. San Juan River Rio Grande 1938-65 179
Fuchs Ditch at Weminuche Pass, Colo. San Juan River Rio Grande 1937-65 528
Treasure Pass Ditch at Wolf Creek Pass, San Juan River Rio Grande 1929-65 152
Colo. *1923-28 (1923-65)
Strawberry Tunnel, West Portal, near Green River Jordan River 1915-65 62,280
Thistle, Utah
Hobble Creek Ditch near Heber, Utah Green River Jordan River 1950-65 910
*191h-k9 (1914-65)
Cedar Creek Tunnel near Spring City, Utah Green River Sevier River 1950-58 35T
*191k-k9 (1914-65)
. *1959~65
Black Canyon Ditch near Spring City, Utah Green River Sevier River 1650-58 292
*#1914-49 (1914-65)
#1959-65
Candland Ditch near Mount Pleasant, Utah Green River Sevier River 1950-58 202
*1914-49 (1914-65)
*1959-65
Larson Twmnel near Ephraim, Utah Green River Sevier River 1950-58 695
- *1925-k9 (1925-65)
*1959-65
Twin Creek Tunnel near Mount Pleasant, Green River Sevier River 1950-58 225
Utah *1914-49 (1914-65)
*1959-65
Strawberry River and Willow Creek Ditches Green River Jordan River 1950-65 2,410
near Heber, Utah *191k-49 (191k-65)
Spring City Tunnel near Spring City, Utah Green River Sevier River 1950-65 2,070
*1938-49 (1938-65)
Duchesne Punnel near Xamss, Utah Green River Jordan River 195465 33, h95
Reeder Ditch near Spring City, Utah Green River Sevier River 1950-58
*192h-kg (1921+ 65)
#1959-65
Madsen Diteh near Ephraim, Utah Green River Sevier River 1940-65
*191k-39 (&h 65)
John August Ditch near Ephraim, Ubah Green River Sevier River 1950-I3
1945-58 (1914~ 65)
*1914-39
*10hk
*1959-65
Fairview Ditch near Fairview, Utah . Green River Sevier River 1350-65 1,340
, *1914-59 (1911; 65)
Horseshoe Tunnel near Fphraim, Utah Green River Sevier River 1550-58
*191h-k9 (191h 65)
*1959-65
Coal Fork Ditch near Mount Pleasant, Utah Green River Sevier River 1950-58 26L
*1514-4o (1914-65)
*1959-65
Ephraim Tunnel near Ephraim, Utah Green River Sevier River 1950-65 3,530
*1937-49 (33:(-6
Tropic and East Fork Canal near Tropic, Sevier River Paria River 1950-61
Utah ( IMPORT) *191h-49 (191h 65)
: . *1962-65
Tarkspur Ditch at Marshall Pass, Colo. Gunnison River Arkansas River 1935-65 lﬁ(
Tabor Ditch at Spring Creek Pass, Colo. Gunnison River Rio Grande 1928-65
¥1914-27 (1911:, 65)
Tarbell Ditch near Cochetopa Pass, Colo. Gunnison River Rio Grande 1949-65 338
*1914-48 (1924~ 65)
Hoosier Pass Tunnel al Hoosier Pass, Colo. Blue River Arkansas River 1952-65 7,66
Fremont Pasg Ditch at Fremont Pass, Colo.t/ Blue River Arkansas River 1928-65 1,320
Boreas Pass Ditch at Boreas Pass, Colo. Blue River Platte River 1933-65 155
*191k-32 (191%-65)
West Hoosier Ditch at Hoosier Pass, Colo.2/, Blue River Platte River 1935-39 42
Bast Hoosier Ditch at Hoosier Pass, Colo.3/ Blue River Platte River 1935-40 207
Roberts Tunnel at Grant, Colo. Blue River Platte River 196566 28,510
Eureka Ditch near Flattop Mountain, Colo. Tonazhutu Creek Platte River 1GL0-65 90
Alva B. Adams Tunnel at East Portal, Grand Lake Outlet Platte River 19LT-65 181,280
near Estes Park, Colo.
Berthoud Pass Ditch at Berthoud Frazer River Platte River 1909-65 611
Pass, Colo. (1914-65)
Moffat Water Tunnel at East Portal, Colo. Frazer River Platte River 1936-65 37,260
August P. Gumlick Tunnel at East Portal, Williams Fork River Platte River 1940-65 5,580
near Jones Pass, Colo.
Columbine Diteh near Fremont Pass, Colo. Eagle River Arkansag River 1931-65 1,060
Ewing Ditch at Tennessee Pass, Colo. Eagle River Arkansas River 1908-65 ( 111 120)
1914-65
Wurtz Ditch near Tennessee Pasgs, Colo. Fagle River Arkansas River 1932-05 2,120
Twin Lakes Tunnel at East Portal, near Roaring Fork River Arkansas River 1935-65 36,950
i Twin Tekes, Colo.
Busk-Ivanhoe Tunnel at Rast portal, Roaring Fork River Arkansas River 1525-65 4,500
near Malta, Colo.
Grand River Diteh at La Poudre Pass, COlo. " Colorado River Platte River 1896~ 15,930
1965 (1914-65)
¥ Estimated. 3/ Discontinued in 19%0
1/- Zero discharge since 1943 L/ Flow included in Moffat turmel in 1959

2/ Discontinued in 1939
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Table 7--Sumtery of 1914-65 annusl flows by transmountsin diversions, Upper Colorado Region
Unit--acre-feet)

Upper Main Stem San_Juan-Colorado
Green River Alva B. August b. Busk- Treasure
Strawberry Cedar Black Twin Spring Coal Adams Gumlick Twin lakes TIvanhoe larkspur Tabor Hoosier Fremont Boreas Reber- Piedra  Squaw Pass Tropic
Tunnel, Hobble Creek Canyon Cendland Creek  Strawberry City Reeder John Fork Tureka  Tunnel Berthoud Moffat Tunnel  Columbine Wurtz Tunnel Tunnel Grand  Ditech  Ditch  Tarbell FPass Pass Pass Lohr Pass Pass Fuchs  Ditch  and East
West Creek Tunnel Ditch Ditch larson Tunnel River Tunnel Duchesne Ditch Madsen August Fairview FHorseshoe Ditch Ephraim  Roberts Ditch at East Pass Water at Fast Ditch Fwing Ditch at East at Fast River at at Ditch Tunnel Ditch Ditch Ditech Diteh Ditch Diteh at Fork
Portel, Ditch near near near Tunnel near Diteh near Tunnel near Diteh Ditch Ditch Tunnel near Tumel  Tunnel near  Portal,  Ditch at Tunnel Portal, near Ditch at  near Portal Portal Ditch at Mar-  Spring near at at at at at at at Wolt Canal
near near Spring Spring Mount near Mount near Spring near Spring near near near near Mount near at Flattop Estes Berthoud at Fast Jones Fremont Temnessee Tennessee  near neaxr la Poudre shall Creek  Cochetopa  Hoosier Fremont Boreas  Weminuche Piedra Squaw  Weminuche Creek near
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y Import from Sevier Rlver Besin into Colorado River Basin.




PART X
WATER RESOURCES FOR FUTURE DEVELOPMENT

Present Modified Flow

In order to ascertain the amount of water remaining over and
above present (1965) uses, there have been reconstructed what are
termed present modified flows. The reconstruction of present modified
flows was accomplished in each of the three subregions for the study
period 1914 to 1965, the premise being that the general hydrologic
conditions of that period might reasonably be expected to reoccur in
the future.

The 1914-65 study period was selected as the longest period for
which reliable records were generally available in the region. The
procedure is one of adding to the historic annual flows at the outflow
points of each subregion past annual depletions, the result being
virgin annual outflows. Then, assuming that all present uses were in
effect throughout the 1914-65 period, the present (1965) normalized
use in the subregion was deducted from the virgin flow, the result
being the present (1965) modified flow. (See "Hydrology,'" Part II).
In each subregion the studies reflect the use of waters produced
locally within the subregion. 1In other words the flows of the Green
River and the Colorado River at their confluence are not considered
a local inflow to the San Juan-Colorado Subregion. The data from the
three subregions can thus be summed up to ascertain the respective
results at Lee Ferry, the outlet of the total region. 1In the study
no attempt has been made to account for changes or differences in
natural losses, sometimes referred to as '"'salvage." A considerable
amount of such salvage water, however, is accounted for in the computa-
tion of reservoir losses in the Main Stem reservoirs.
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PART X WATER RESOURCES FOR FUTURE DEVELOPMENT

Water supply available

Upper Colorado Region, in 1965

Subregion
Upper Upper
Green Main  San Juan-  Colorado
River Stem Colorado Region
(1,000 Acre-Feet)
Virgin Water Supply (1914-65) 5,460 6,806 2,606 14,872
Level of Depletions (1965) 993 1,397 418 2,808
Modified Flow (1914-1965)
(excluding Main Stem Evap.) 4,467 5,409 2,188 12,064
Main Stem Reservoir Evapora- v
tion Normalized (1965) 67 576 643
Residual Flow 4,400 5,409 1,612 11,421

The present annual modified flow studies are summarized in the
tables that follow, along with a diagram of the river and major

tributaries.
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UPPER COLORADO REGION

WATER SUPPLY (I1914-1965),
ON-SITE DEPLETIONS & OUTFLOW FOR 1965

(In Thousands of Acre Feet)

ON-SITE DEPLETIONS

14,872
(0t
Lg ON-SITE DEPLETIONS
| 12,500 s
(0
OUTFLOW HO.000 -
(0 ot
| 7505 O ON-SITE DEPLETIONS
—
REGULATING o
RESERVOIR o
1,421
»
3 45 OUTFLOW AT LEE FERRY
REGULATING !
RES. EVAP. 2,808
EXPORT 2 258
OTHER USES 2128

IRRIGATION



PART X WATER RESOURCES FOR FUTURE DEVELOPMENT
Table 8--Water resources summary, 1914-65, Green River Subregion.
{(Unit--1,000 acre-feet)
Historic depletions
Evaporation
Historie Net changes and bank Present Present
outflow Trans- Recent in storage storage level of modified
Water from mountain Reclamation (Federal (Federal All other Total Virgin depletions outflow from
yvear subregion diversions projects Reservoirs) Reservoirs) depletions depletions outflow (1965) subregion
101k 7,346 7 7 11 731 826 8,172 992 7,180
15 3,715 17 27 13 732 789 L, 50k N 3,512
16 5,926 by it 1k 733 830 6,756 5,76k
17 8,750 68 7 15 T34 82k 9,57k 8,582
18 5,230 78 -32 1k 735 795 6,025 5,033
19 3,326 80 -22 1k 736 808 4,13k 3,1k2
1920 6,127 70 32 1k 737 853 6,980 5,988
21 7,506 3 J2Je) 15 738 BB B, 35k 7,362
22 6,518 77 -5 15 739 826 7,3k 6,352
23 6,535 87 0 15 750 8h2 7,377 6,385
2ok 3,871 119 -83 13 Thl 790 4, 661 3,669
25 L 10k 90 -8 11 The 795 L,899 3,907
26 Lo Lhh 82 -2k 13 43 81k 5,258 L, 266
27 5,325 2 17 13 Thls 8h6 6,171 5,179
28 5,879 8o I 16 45 8hs 6,724 5,732
29 6,594 65 20 16 46 847 7,4k 6,kkho
1930 4,623 80 -27 i3 Th7 813 5,436 b, bl
31 2,5L20 81 -56 17 748 78l 3,204 2,212
32 4,898 63 5 11 Tho 828 5,726 b, 734
33 3,609 59 -2 12 750 819 L,%428 3,436
3k 1,319 35 -2 10 751 79k 2,113 1,121
35 2,9kk 51 0 10 752 813 3,757 2,765
36 L 287 50 36 11 753 850 5,137 L, 1ks5
37 L, 23k 60 33 13 754 860 5,00k h,102
38 L, 8h1 67 12 27 15 755 876 5,717 4,725
39 3,481 83 17 =42 1k 756 828 4,300 3,317
1940 2,448 66 12 -19 12 757 828 3,276 2,284
41 4,382 61 9 21 13 758 862 5,24k L, 252
42 5,140 68 12 -6 14 759 8Lt 5,987 4,995
43 4,338 71 14 9 ik 760 868 5,206 Lo21h
L L,636 72 15 9 15 T61 872 5,508 4,516
45 L ok3 63 11 27 16 762 879 5,122 4,130
L6 3,536 82 10 -15 16 764 857 4,393 3,401
L7 5,596 T4 16 22 i7 . 765 8ok 6,490 5,498
48 4,215 85 10 -36 16 766 8h1 5,056 b, 064
hg 5,028 78 13 45 16 768 920 5,948 4,956
1950 5,566 81 13 28 17 769 908 6,47k 5,482
51 L,790 82 12 10 17 770 8ol 5,681 L,689
52 7,153 63 12 145 21 771 1,012 8,165 7,173
53 3,476 ok 16 -7 22 T73 834 4,310 3,318
54 2,659 117 9 -63 22 T 859 3,518 2,526
55 2,871 116 12 -35 21 775 889 3,760 2,768
56 L0960 120 18 -6 2k 77 933 5,023 4,031
57 5,656 102 13 88 23 779 1,005 6,661 5,669
58 4,667 105 22 -ko 27 781 895 5,562 L,570
59 2,779 11k 15 -T5 18 784 856 3,635 2,643
1960 3,057 126 18 -58 17 786 889 3,946 2,95k
61 2,077 82 10 -38 13 788 855 2,932 1,940
62 5,942 121 2k Th 21 791 1,031 6,973 5,981
63 1,713 g3 25 860 118 793 1,889 3,602 2,610
6l 2,84 111 40 67 131 795 1,751 k,595 ¥ 3,603
65 5,308 99 2k 1,170 177 798 2,268 7,576 992 6,584
Totals 236,062 T, 081 L3L 2,726 1,180 39,455 L7,876 283,938 51,585 232,354
52-year :
mean 4,539 78 8 53 22 759 921 5,460 992 L, 468




PART X WATER RESOURCES FOR FUTURE DEVELOPMENT
Table 9--Water resources summary, 1914-65; Upper Main Stem Subregion.
(Unit--1,000 acre~feet)
Historic depletions
Net changes - Evaporation
Historic in storage and bank Present Present
outflow Trans= Recent content storage Virgin level of modified
Water from mountain  Reclamation (Federal (Federal All other Total outflow from depletions outflow from
year subregion diversions projects Reservoirs) Reservoirs) depletions depletions subregion (1965) subregion
191k 8,760 12 734 Th6 9,506 1,397 8,109
15 5,510 16 736 752 6,262 8 4,865
16 7,692 19 738 57 8,k4kg 7,052
17 9,00k 12 Th1 753 9,757 8,360
18 6,504 19 h3 762 - 7,266 5,869
19 5,020 1k 745 759 5,779 4,382
1920 9,128 18 748 766 9,894 8,497
21 9,140 12 750 762 9,902 8,505
22 7,043 16 752 768 7,811 6,414
23 7,455 17 55 772 8,206 6,829
2k 6,087 12 757 769 6,856 5,459
25 5,188 23 759 782 5,970 4,573
26 6,780 22 762 78k 7,564 6,167
a7 T, THT 26 76k 790 8,537 7,140
28 7,652 22 766 788 8,4k0 7,043
29 8,75k 31 769 800 9,554 8,157
1930 6,273 23 771 794 7,067 5,670
31 2,987 7 73 790 3,717 2,380
32 6,882 27 776 803 7,685 6,288
33 4,780 25 778 803 5,583 4,186
34 2,319 18 780 798 3,117 1,720
35 4,848 42 783 825 5,673 h,276
36 5,928 73 785 858 6,786 5,389
37 4,837 78 11 787 876 5,713 4,316
38 7,623 130 35 790 955 . 8,578 7,181
39 L, 384 99 -6 792 885 5,269 3,872
1940 3,605 92 -29 T 857 b,h62 3,065
5 6, Tk 110 62 2 97 971 75765 6,368
Lo 7,943 51 -6 2 799 8k6 8,789 7,392
43 5,31k 113 127 L 8ol 1Jo%? 6,359 4,962
Ly 6,086 80 -19 L 8ok 869 6,955 5,558
L5 5,582 127 58 L 806 995 6,577 5,180
46 4,006 112 ~12 L 810 91k 5,140 3,743
L7 6,229 99 58 L 815 976 7,205 5,808
48 6,752 83 -76 L 819 830 7,582 6,185
Lg 6,484 109 29 L 824 9454 7,450 6,053
1950 4,397 125 -6 L 829 952 5,349 3,952
51 L,073 18L 200 L 835 1,223 5,296 3,899
52 7,930 183 254 L 8Lo 1,281 9,211 7,814
53 ko197 262 L ~67 L 847 1,050 5,247 3,850
54 2,490 378 4 -266 b 853 973 3,463 2,066
55 3,396 372 kL =15 4 861 1,226 4,622 3,225
56 3,750 350 L -2 L 868 1,22k b, 97k 3,577
5T 8,719 317 L 342 i 8716 1,543 10,262 8,865
58 6,548 27k b -60 b 883 1,105 7,653 6,256
59 3,256 ki1 4 =42 4 893 1,270 4,526 3,129
1960 L, 304 386 b 6l N 902 1,360 5,664 4,267
61 3,266 32k 9 58 5 912 1,308 4,57k 3,177
62 6,898 37h 16 68 5 921 1,384 8,282 6,885
63 2,982 395 16 -234 4 931 1,112 4,00k 2,607
6l 3,527 488 16 -17 5 940 1,432 4,959 . 3,562
65 6,611 Lol 16 437 6 gkg 1,812 8,423 1,397 7,026
Totals 303,68k 7,026 105 9k6 101 42,043 50,221 353,905 72,64k 281,261
S52~year
mean 5,840 135 2 18 2 808 966 6,806 1,397 5,409




PART X WATER RESOURCES FCR FUTURE DEVELOPMENT

Table 10--Water resources summary, 191L-65, San Juan-Colorado Subregion.
(Unit--1,000 acre-feet)

Historic depletions

Evaporation
Historic Net changes and bank Virgin Present Present
outflow Trans~ Recent in storage storage outflow level of modified
Water from mountain Reclamation (Federal (Federal All other Total from depletions outflow from
year subregion diversions projects Reservoirs) Reservoirs) depletions depletions subregion (1965) subregion
191L 3,225 -3 267 26k 3,489 118 3,071
15 ' 3,280 -2 ’ 268 266 3,546 4p 3,128
16 3,711 -3 - 271 268 3,979 3,561
17 4,140 -2 272 270 4,410 3,992
18 1,915 -3 275 272 2,187 1,769
19 2,511 -2 276 27k 2,785 2,367
1920 4 485 -3 279 276 4,761 k,343
21 4,068 -2 280 278 4,344 3,928
22 2,746 -3 283 280 3,026 2,608
23 2,276 -2 28k 282 2,558 2,150
24 2,521 -3 287 284 2,805 2,387
25 2,048 -2 288 286 2,33k 1,916
26 2,788 -3 291 288 3,076 2,658
27 3,51k -2 292 290 3,804 3,386
28 1,795 , -3 295 292 2,087 1,669
29 3,877 -2 296 29k k171 3,753
1930 2,173 -3 299 296 2,469 2,051
31 980 -2 300 298 1,278 860
32 3,508 -3 303 300 3,808 3,390
33 1,357 -2 30k 302 1,659 1,2k
34 758 - -3 307 30k 1,062 6hl
35 2,120 -2 308 306 2,h26 2,008
36 1,750 -3 311 308 2,058 1,640
37 2,826 -1 312 311 3,137 2,719
38 2,972 -2 315 313 3,285 2,867
39 1,529 -1 316 315 1,844 1,h26
1940 1,028 -2 ‘ 319 317 1,345 927
L1 L,872 1 56 2 320 379 5,251 4,833
k2 3,947 -2 0 3 323 32L L,271 3,853
L3 1,607 2 - 3 32k 325 1,932 1,51k
Ly 2,497 -2 -35 3 327 293 2,790 2,372
45 1,721 1 32 3 328 364 2,085 1,667
L6 983 -1 2 3 331 335 1,318 900
b7 1,688 0 48 i 332 384 2,072 1,654
48 2,722 -1 -36 3 335 301 3,023 2,605
ko 2,848 -1 -9 3 336 329 3,177 2,759
1950 1,090 -2 . -26 3 339 314 1,404 986
51 . 968 -1 -2 2 350 339 1,307 885
52 2,896 -2 4o 3 343 38k 3,280 2,862
53 1,132 0 ‘ -27 3 34k 320 1,452 1,034
54 968 3 18 - 3 3h7 371 1,339 921
55 1,041 2 7 4 349 362 1,403 985
56 910 3 -32 3 351 325 1,235 817
57 2,962 2 62 3 354 421 3,383 2,965
58 3,044 -2 -ko h 356 318 3,362 2,9hk
59 721 0 -33 3 357 327 1,048 630
1960 1,832 2 25 3 360 390 2,202 1,80k
6L 1,331 1 25 3 362 391 1,722 1,30k
62 1,945 1 3 18 T 36k 393 2,338 1,920
63 5/-2,175 1 4 2,873 638 367 3,883 1,708 1,290
6h 1/-3,0uk -1 5 3,73 1,302 369 5,413 1,469 W 1,051
65 }/-;LOBh 2 5 2,659 1,248 37L 4,285 3,201 418 2,783
Totals 106,423 58 17 9,359 3,259 16,527 29,104 135,527 21,736 113,791
52-year i
mean 2,047 1 0 180 63 318 560 2,606 418 2,188

1/ Negative figures reflect storage in Lake Powell.




PART X WATER RESOURCES FOR FUTURE DEVELOPMENT

Table 11--Water resources summary, 1914-65, Upper Colorado Region.
(Unit-~1,000 acre-feet)
Historic depletions
Net changes  Evaporation

Historic in storage and bank ‘ Present Present
outflow Trans~ Recent content storage ) level of modified

Water at mountain Reclamation (Federal (Pederal A1l other Total Virgin depletions outflow from
yeaxr Lee Ferry diversions projects Reservoirs) Reservoirs) depletions depletions outflow (1965) region
191% 19,331 16 7 11 1,732 1,836 21,167 2,808 18,359
15 12,505 31 27 i3 1,736 1,807 14,312 I 11,50k
16 17,329 57 4o 14 1,742 1,855 19,18k 16,376
17 21,89k T8 T 15 1,747 1,847 23,Thl 20,933
18 13,649 9L -32 1k 1,753 1,829 15,478 12,670
19 10,857 92 -22 1k 1,757 1,84 12,698 9,89
1920 19,740 85 32 1k 1,764 1,895 21,635 18,827
21 20,71k 83 ) 15 1,768 1,888 22,602 19,79%
22 16,307 90 -5 15 1,774 1,874 18,181 15,373
23 16,265 102 0 15 1,779 1,896 18,161 15,353
2k 12,479 128 -83 13 1,785 1,843 14,322 11,51k
25 11,340 111 ~-48 11 1,789 1,863 13,203 10,395
26 14,012 101 =24 13 1,79 1,886 15,898 13,090
27 16,586 96 i7- 13 1,800 1,926 18,512 15,704
28 15,326 99 i 16 1,806 1,925 17,251 14,443
29 19,225 ok 20 16 1,811 1,941 21,166 18,358
1930 13,069 100 -27 13 1,817 1,903 14,972 12,164
31 6,387 96 -56 iR 1,821 1,872 8,259 , 5,451
32 15,288 87 5 11 1,828 1,931 17,219 14,41
33 9,746 82 -2 12 1,832 1,924 11,670 8,862
34 4,396 50 -2 10 1,838 1,896 6,292 3,484
35 9,912 i 0 10 1,843 1,94k 11,856 9,048
36 11,965 120 36 11 1,8h9 2,016 13,981 11,173
37 11,897 137 Ly 13 1,853 2,0k47 13,944 11,136
38 15,436 195 12 62 15 1,860 2,144 17,580 14,772
39 9,394 181 17 -48 1k 1,864 2,028 11,k22 8,614
1940 7,081 156 12 -48 12 1,870 2,002 9,083 6,275
L1 16,0L8 172 9 139 17 1,875 2,212 18,260 15,552
4o 17,030 117 12 -12 19 1,881 2,017 19,047 16,239
43 11,259 186 . 1k 132 21 1,885 2,238 13,497 10,689
hh 13,219 150 15 =45 22 1,892 2,034 15,253 . 12,445
45 11,546 191 11 117 23 1,896 2,238 13,784 10,976
L6 8,745 193 10 -25 23 1,905 2,106 10,851 8,043
L7 13,513 173 16 128 25 1,912 2,25k 15,767 12,959
L8 13,689 167 10 -148 23 1,920 1,972 15,661 12,853
Lo 14,360 186 13 65 23 1,928 2,215 16,575 13,767
1950 11,053 204 13 -1 oL 1,937 2,174 13,227 10,419
51 9,831 265 12 208 23 1,945 2,453 12,28 9,476
52 17,979 24l 12 439 28 1,95k 2,677 20,656 17,848
53 8,805 356 20 -165 29 1,964 2,204 11,009 8,201
5h 6,117 4o8 13 -311 29 1,97k 2,203 8,320 5,512
55 7,308 k9o 16 -43 29 1,985 2,477 9,785 : 6,977
56 8,750 473 22 -10 31 1,996 2,482 11,232 8,424
57 17,337 k21 17 Loz 30 . 2,009 2,969 20,306 17,498
58 14,259 377 26 -140 35 2,020 2,318 16,577 13,869
59 6,756 525 19 -150 25 2,034 2,453 9,209 6,401
1960 9,193 51h 22 31 ol 2,048 2,639 11,832 ‘ 9,024
61 6,674 107 19 15 21 2,062 2,55 9,228 6,420
62 14,785 k96 43 160 33 2,076 2,808 17,593 14,785
63 2,520 489 45 3,499 760 2,091 6,884 9,hok 6,596
6k 2,407 598 61 4,395 1,438 2,104 8,596 11,023 ¥ 8,215
1965 10,835 505 45 4,266 1,431 2,118 8,365 19,200 2,808 16,392
Totals 646,168 11,049 556 13,031 %,580 98,025 127,201 T735369 146,016 627,353

52~year
means 12,426 212 11 251 87 1,885 2,446 14,872 2,808 12,064




PART XTI
PROJECTED WATER USE

Study of projections as published by the QOffice of Business
Economics - Economic Research Service, "OBERS As Published," revealed
a substantial departure from historical agricultural production in the
region, especially that large feed crop imports were shown with an
increasing surplus of pasture, range, and irrigated land. For these
and other reasons, the basic level of development used for these
studies in the Framework Plan, based on the Regionally Interpreted
OBERS requirements which will be discussed in this chapter. Alterna-
tive levels of development are discussed in Part XITI.

It should be noted that these studies were made to demonstrate
certain levels of water development and are not to be construed as
depletions charged to the various states under the provisions of the
Colorado River Compact and Upper Colorado River Compact, nor to pre-
judice or jeopardize the positions of the several states therein. 1In
particular, the depletions are site-located and do not necessarily
reflect direct relationships to streamflow diminishment at Lee Ferry,
Arizona. Water shortages at the site of use for projects which may
be developed to make the programmed at-site depletions shown in these
plans have not been taken into account in this preliminary study.

Framework Plan (Regionally Interpreted OBERS Level of Development)

The regional needs and corresponding water demands are based on
an interpretation of the OBERS projections for the time frames of 1980,
2000, and 2020. Principal indices include population projections, pro-
duction of assigned agricultural and industrial commodities within the
region, and development of resources to meet demands generated in
adjacent areas. Major items to respond to demands from outside the
region include the production of meat animals, mining and processing
of minerals, generation of hydro and thermoelectric power, and further
development of the scenic and recreational resources to accommodate
the large numbers of visitors who look to the Upper Colorado Region as
a desirable vacation area.

A major demand also exists outside the region for water produced
in the region., Large amounts of the water produced in the region are
committed to downstream delivery and assigned to use in other basins
of the Upper Colorado River Division States.
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Included herein is a summary of estimated water uses in terms of
on-site depletions, including the transmountain diversions from the
stream system.

Water Needs in Terms of On-Site Depletions

By the year 2020 there will be on-site depletion needs of 6.5
million acre-feet. The largest consumptive use need, which is 50.5
percent of the total in 2020 or 3.29 million acre-feet, is for irri-
gated crops, associated seeped and incidental phreatophyte areas, and
irrigation reservoir evaporation.

Minor water needs in 2020 are in municipal and industrial water
supply (1.3 percent), minerals (0.8 percent), augmented fish and wild-
life and recreation (l.4 percent), and stockpond evaporation and
livestock use (.9 percent), thermal-electric power generation (9.7
percent), About 1,65 million acre-feet or 25,3 percent of the 2020
depletion would be exported from the region. Main Stem regulating
reservoir evaporation would account for 10.1 percent, or 660,000 acre-
feet of depletion. Summary tables for stream depletions for the five

states and three subregions by types of needs for 1980, 2000, and 2020
follow.

The five States agreed that the year 2020 depletion distribution
should reflect the States' percentages shown in the Upper Colorado
River Basin Compact. This relationship, however, was not to be
adherred to in the interim period. The water needs for 1980 and 2000
conform to the respective projections for each subregion.

Municipal and Industrial

Depletions by domestic, manufacturing, governmental, commercial
and other related purposes in the basin for 2020 are 110,100 acre-feet.

Population and municipal, industrial,
and related water users,
Upper Colorado Region

Population Depletions
Subregion 1980 2000 2020 1980 2000 2020
Ac-ft Ac-ft Ac-ft
Green River 107,000 124,000 151,000 11,700 16,900 26,400
Upper Main Stem 143,000 171,000 204,000 16,200 24,900 40,400
San Juan-Colorado 176,000 241,900 324,800 15,100 25,900 43,300
Region Total 426,000 537,700 680,200 43,000 67,700 110,100
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Total depletions of municipal and industrial water in gallons per
" capita per day (gped) average 147 in the Green River, 166 in the Main
Stem, and 112 in the San Juan, with an average for the region of 136
gpcd. Projected depletion by the Navajo Indians by 2020 would average
about 65 gpcd. This is in contrast to the present and projected
depletion rate at Page, Arizona, of about 500 gpcd.

Thermal-Electric Power

The 2020 water depletion by steam-electric generation plants is
estimated at 626,600 acre-feet. Nearly all consumptive use is for
condenser cooling purposes. Power production by 2020 by states and
for the region is estimated as follows: Arizona - 2,310 MW; Colorado -
16,976 MW; New Mexico - 7,123 MW; Utah - 5,759 MW; Wyoming - 9,913 MW;
Region - 42,081 MW. This distribution among the States resulted from
arbitrary assignments to conform with state compact allotments for the
purpose of this study only.

Minerals

Projections of mineral production totaling $2,014,000 would
require a depletion of about 52,800 acre-feet in 2020, Projected
depletions for water injection in oil fields in New Mexico are not
included in this estimate.

Augmented Fish and Wildlife

The projected consumptive use comprises 127,400 acre-feet from
the fish and wildlife facilities which will be required to satisfy
future demand. This total represents 11,700 acre-feet of on-site
depletions occurring in 1965 plus amounts of 88,000 acre-feet needed
for waterfowl and 27,700 acre-feet needed for fish by the year 2020.
The consumptive use is based on depletions from 51,200 surface acres of
facilities intended primarily for fish and wildlife. It is reasonable
to suppose, however, that multi-purpose facilities, not yet planned or
authorized, may become available to meet part of this future demand.

Water-supply restrictions based on compact limitations for those
parts of Arizona and New Mexico in the Upper Colorado Region will
become a major problem in attaining the future development needed in
this part of the region. For the purpose of this study fish and wild-
life water usage at the year 2020 has been reduced from 12,200 acre-
feet to 1,200 acre-feet for Arizona and from 35,300 acre-feet to 6,800
acre-feet for New Mexico. There may be a possibility of obtaining
additional water in future years through-the commitment of undeveloped
water or the purchase and transfer of water developed for other
purposes.
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Recreation

The amount of water consumed in 2020 would be 5,200 acre-feet
which is not of significance. Most will be used at associated service
facilities. The computed use will be 7.7 gallons per recreation day
for about 225 million projected recreation days by 2020 of which less
than 3 percent would be by residents.

Stockpond Evaporation and Livestock Use

Stockpond evaporation from 38,000 stockponds in 2020 is estimated
to be 41,000 acre-feet annually. In addition to livestock water these
ponds provide sediment storage and erosion control. Some have a
potential for fish and waterfowl habitat and recreation. Livestock
water use by 2020 at 10 gallons per day per animal unit by 1.6 million
cattle animal units is estimated to be 18,000 acre-feet.

Irrigation

Baled hay from irrigated meadow
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On-site depletion by 2020 on 2.1 million acres of irrigated
cropland, incidental use on water-consuming noncropped areas and
irrigation reservoir evaporation would total 3.29 million acre-feet
annually. An increase of about 500,000 acres of new full supply crop-
land would be developed between 1965 and 2020 to meet feed and food
production projections. Of the 549,400 acres of presently short
supply lands 421,100 acres would receive supplemental water to obtain
full production. '

Irrigation consumptive use by 2020, including supplemental water,
would total 2,707,000 acre-feet. Irrigation reservoir evaporation
would be about 187,000 acre-feet. Incidental use is estimated to
increase from the present 315,600 acre-feet (18.6 percent of consump-
tive use) to about 400,000 acre-feet (14.8 percent of consumptive use)
by 2020, which is an increase in irrigation efficiency of nearly four
percent.

Import

Inflow to the region from the Great Basin to the Paria River
would be the only import and will remain at the present level of 2,600
acre~feet annually.

Export by Transmountain Diversions

This plan envisions the export of 1,653 million acre-feet of
water from the region by 2020. Wyoming's export of 185,000 acre-feet
would be to the urban areas of Cheyenne-Laramie and to the North
Platte and Bear Rivers systems. Colorado would export 883,000 acre-
feet to the Fort Collins-Denver-Colorado Springs area for municipal,
industrial and agricultural use, and to the Arkansas and Rio Grande
systems. Utah would export 467,000 acre-feet to the Great Basin for
municipal, industrial, and agricultural use. New Mexico would export
110,000 acre-feet to the Rio Grande by 1980 and an additional 7,500
acre-feet for municipal use at Gallup, located in the Lower Colorado
Region.

Main Stem Reservoir Evaporation

Evaporation loss in 2020 from the five Main Stem regulating
reservoirs (Lake Powell at 576,000 acre-feet, Flaming Gorge at 67,000
acre-feet, and three reservoirs in the Curecanti Unit at 17,000 acre-
feet) for normal operating conditions would be 660,000 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 Region to make delivery at Lee Ferry
under the Compact. <
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Summaries of Proposed Uses

The water demands for the Framework Plan based on the regionally
interpreted OBERS level of development for the time frames by types of

use are enumerated in the following five flow diagrams followed by
tables 12 and 13.
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Table 12 - Water use for framework plan
(Regionally interpreted OBERS level of development)
Upper Colorado Region

On-site depletions (acre-feet per year)
New Green Upper San Juan-
Type of .use Arizona Colorado Mexico Utah Wyoming Region River Main Stem Colorado
- - 1980 - -
Municipal and industrial 2,900 22,100 5,900 7,800 4,300 43,000 11,700 16,200 15,100
Electric power (thermal) 34,100 26,700 55,700 50,400 33,200 200,100 72,500 1,800 125,800
Minerals 400 19,500 3,700 10,300 19,000 52,900 31,500 13,700 7,700
Fish and wildlife 1,200 38,800 6,800 22,200 18,800 87,800 49,400 7,900 30,500
Recreation 100 600 100 1,000 200 2,000 800 600 600
Stockpond evaporation and
livestock use 1,400 25,000 2,900 7,300 4,800 41,400 15,300 13,700 12,400
Subtotal 40,100 132,700 75,100 99,000 80,300 427,200 181,200 53,900 192,100
Irrigation: consumptive
use, incidental and
reservoir evaporation 7,000 1,479,000 245,000 588,000 334,000 2,653,000 984,000 1,078,000 591,000
Export 719,000 117,500 190,000 65,000 1,091,560 255,000 716,000 120,500
Less import (=2,600 (-)2,600 (~)2,600
Subtotal of all above 47,100 2,330,700 437,600 874,400 479,300 |[4,169,100 | 1,420,200 1,847,900 961,000
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 1980 4,829,100 1,487,200 1,864,900 1,477,000
-~ 2000 - -
Municipal and industrial 4,800 34,300 10,600 12,100 5,900 67,700 16,900 24,900 25,900
Electric power (thermal) R 34,100 254,600 106,800 86,400 148,700 630,600 393,500 24,200 212,900
Minerals 300 19,900 3,900 10,300 22,100 56,500 32,000 16,700 7,800
Fish and wildlife 1,200 38,800 6,800 22,200 18,800 87,800 49,400 7,900 30,500
Recreation 300 1,000 100 1,600 200 3,200 1,300 900 1,000
Stockpond evaporation and
livestock use 1,700 30,500 3,300 2,000 55800 50,300 18,200 17,100 15,000
Subtotal 42,400 379,100 131,500 141,600 201,500 896,100 511,300 91,700 293,100
Irrigation: consumptive
use, incidental and
reservoir evaporation 7,600 1,633,000 329,000 605,000 407,000 2,981,600 1,062,000 1,166,000 753,600
Export 883,000 117,500 437,000 150,000 | 1,587,500 587,000 880,000 120,500
Less import {-)2,600 {-)2,600 (-)2,600
Subtotal of all above 50,000 2,895,100 578,000 1,181,000 758,500 | 5,462,600 2,160,300 2,137,700 1,164,600
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2000 6,122,600 | 2,227,300 2,154,700 1,740,600
- - 2020 - -
Municipal and industrial 7,200 56,000 17,300 20,400 9,200 110,100 26,400 40,400 43,300
Electric power (thexrmal) 30,100 254,600 106,800 86,400 148,700 626,600 393,500 24,200 208,900
Minerals 300 17,000 2,600 11,400 21,500 52,800 26,400 20,800 5,600
Fish and wildlife 1,200 38,800 6,800 22,200 18,800 87,800 49,400 7,900 30,500
Recreation 400 1,600 200 2,600 400 5,200 2,200 1,300 1,700
Stockpond evaporation and
1livestock use 1,800 35,800 4,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtotal 41,000 403,800 137,700 153,700 205,300 941,500 519,100 115,200 307,200
Irrigation: consumptive
use, incidental and
reservoir evaporation 9,000 1,723,000 411,000 723,000 428,000 | 3,294,000 | 1,147,000 1,233,000 914,000
Export 883,000 117,500 467,000 185,000 1,652,500 652,000 880,000 120,500
Less import (-)2,600 ) {-)2,600 {-)2,600
Subtotal of all above 50,000 3,009,800 666,200 1,341,100 818,300 5,885,400 | 2,318,100 2,228,200 1,339,100
Main-stem reservoir .
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2020 6,545,400 2,385,100 2,245,200 1,915,100

1/ Ssee explanation, page 52.
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Table 13 - Available water supply for the Framework Plan,
Upper Colorado Region

Upper Upper
Green Main San Juan- Colorado
River Stem Colorado Region

(1,000 Acre-Feet)

Virgin Water Supply (1914-65) 5,460 6,806 2,606 14,872
1980
Level of Depletions (1980) 1,420 1,848 901 4,169
Modified Flow ~
(excluding Main Stem evap.) 4,040 4,958 1,705 10,703
Main Stem Evaporation 67 17 576 660
Residual Qutflow 3,973 4,941 1,129 10,043
2000
Level of Depletions (2000) 2,160 2,138 1,165 5,463
Modified Flow ,
(excluding Main Stem evap.) 3,300 4,668 1,441 9,409
Main Stem Evaporation 67 17 576 660
Residual oOutflow 3,233 4,651 865 8,749
2020
Level of Depletions (2020) 2,318 2,228 1,339 5,885
Modified Flow
(excluding Main Stem evap.) 3,142 4,578 1,267 8,987
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Qutflow 3,075 4,561 691 8,327

1/ Flaming Gorge Reservoir
2/ Curecanti Unit Reservoirs
3/ Lake Powell
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ALTERNATIVE LEVELS OF DEVELOPMENT

No. l--State Alternative To The Framework Plan
(6.5 Million Acre-Feet Level of Development)

For comparative purposes, the States have proposed an alternative
development of the quantity required to satisfy the regionally inter-
preted OBERS level of development (6.5 m.a.f. per annum). The
distribution of use by each State exactly equals the Upper Colorado
River Compact percentage allotments. Adjustments in types of uses to
accomplish the exact percentages were expressed by the respective
States.

State Proposals

In the regionally interpreted OBERS plan, there is the need to
service a large electric power market from potential fuel-burning
electric powerplants in the Upper Colorado Region. Each of the States
of Colorado, New Mexico, Utah, and Wyoming have programmed a part of
their water resources for production of such energy. Previously, the
States had agreed to maintain levels of water development very close
to their respective percentage allotments in the Upper Colorado River
Basin Compact. Without upsetting a multitude of water uses set forth
in the regionally interpreted OBERS plan, the approximate State per-
centages could be maintained only by an arbitrary assignment to each
State of portions of the needed power installations as necessary to
bring each State's total water uses to amounts approximating the
Compact percentages, Although the result depicted a reasonable satis-
faction, on a region-wide basis, of the requirements for a regionally
interpreted OBERS plan, there were certain objectionable features in
the plan, particularly to Colorado and Utah.

To facilitate the comparison, departures from the basic data
contained in the regionally interpreted OBERS are given herein.

In the revised year 2020 distribution, Arizona retained its exact
allotment of 50,000 acre-feet per annum with no change in types of
uses,

Wyoming also suggested no changes in its type of uses but revised

its irrigation depletions downward 900 acre-feet per annum to stay
exactly within its 14 percent allotment.
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Utah indicated that a much greater portion of its potential
thermal power production be included and added 11,700 megawatts with a
support population of 26,000 people., Utah also added an oil shale
development of 500,000 barrels per day with a support population of
39,000 people. 1In order to stay within its 23 percent allotment Utah
revised downward its irrigation acreage (-10,500 acres) and likewise
revised downward (-200,000 acre-feet annually) its export to the
Bonneville Basin.

Colorado varied its irrigated land acreages and water depletions
as follows: 18,000 less acres depleting 88,000 acre-feet less water in
1980, 80,000 more acres depleting 145,000 acre-feet more in 2000, and
6,500 more acres depleting 31,500 acre-feet more in 2020.

An o0il shale development of one million barrels per day, with a
support population of 78,000 depleting 97,000 acre-feet annually, was
added. A coal by-products plant using 15,000 acre-feet and a potash
plant, capacity 1.5 million tons annually, using 9,500 acre-feet
annually are planned. Exports are increased by 2,400 acre-feet and
fish and wildlife by 600 acre-feet annually,

It appears that Colorado will deplete its 51,75 percent allotment
by the year 2000. Electrical power production is decreased by 9,690 MW
from regionally interpreted OBERS, depleting 146,400 acre~feet less
annually. In addition, 22,100 acre-feet of irrigation water will be
transferred between 2001 and 2020 to meet municipal and industrial
requirements,

New Mexico, in order to stay within its 11.25 percent of the
6.5 m.a.f. level of development in 2020, it was necessary to reduce
the regionally interpreted OBERS use by a net of 9,500 a.f. annually.
Major changes include a reduction of (1) 51,200 a.f. resulting from an
arbitrary reduction in installed generating capacity in fuel burning
powerplants, (2) an increase of 29,900 a.f. in mineral production, and
(3) an additional municipal and industrial water use of 11,800 a.f.
annually to supply a population increase of 64,500 persons.

Summaries of Proposed Uses
Table 14 enumerates water depletions by States, subregions, types
of uses, and by time frames 1980, 2000, and 2020, Table 15 summarizes

water supply depletions, modified flow, and residual outflow by sub-
regions.
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Table 14 - Water use for the States' alternative
to the framework plan (6.5 MAF
level of development) 1980, 2000, and 2020
Upper Colerado Region

On-site depletions (acre-feet per yeary

ew Green Upper San Juan-
Type of use Arizona Colorado, Mexico Utah Wyoming Region River Main Stem Colorado
- - 1980 - -
Municipal and industrial 2,900 22,100 7,200 10,100 4,300 46,600 12,200 16,200 18,200
Electric power (thermal) 34,100 10,700 90,000 125,400 33,200 293,400 56,700 1,600 235,100
Minerals 400 19,500 11,800 10,300 19,000 61,000 31,500 13,700 ' 15,800
Fish and wildlife 1,200 38,800 6,800 22,200 18,800 87,800 49,400 7,900 30,500
Recreation 100 700 100 1,000 200 2,100 800 700 600
Stockpond evaporation and
1livestock use 1,400 25,000 2,900 7,300 4,800 41,400 15,300 13,700 12,400
Subtotal 40,100 116,800 118,800 176,300 80,300 532,300 165,900 53,800 312,600
Irrigation: consumptive
use, incidental and
reservoir evaporation 7,000 1,391,100 245,000 576,600 334,000 | 2,553,700 935,400 1,007,800 610,500
Export 663,400 117,500 190,000 65,000 1,035,900 255,000 660,900 120,000
Less import (=)2,600 (=)2,600 (=)2,600
subtotal of all above 47,100 2,171,300 481,300 940,300 479,300 | 4,119,300 1,356,300 1,722,500 1,040,500
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 1980 4,779,300 1,423,300 1,739,500 1,616,500
- - 2000 - -
Municipal and industrial 4,800 48,300 13,600 16,800 5,900 89,400 26,100 31,900 31,400
Electric power (thermal) 34,100 108,200 90,000 261,800 148,700 642,800 331,100 16,600 295,100
Minerals 300 128,300 17,400 10,300 22,100 178,400 74,400 67,700 36,300
Fish and wildlife 1,200 39,400 6,800 22,200 18,800 88,400 49,500 8,400 30,500
Recreation 300 1,100 100 1,600 200 3,300 1,400 900 1,000
Stockpond evaporation and
1ivestock use 1,700 30,500 3,300 9,000 5,800 50,300 18,200 17,100 15,000
Subtotal 42,400 355,800 131,200 321,760 201,500 | 1,052,600 500,700 142,600 409,300
Irrigation: consumptive
use, incidental and
reservoir evaporation 7,600 1,778,200 411,000 660,600 407,000 | 3,264,400 1,197,500 1,184,500 882,400
Export 885,400 117,500 267,000 150,000 1,419,900 417,000 882,900 120,000
Less import {2,600 (-)2,600 (-)2,600
Subtotal of all above 50,000 3,019,400 659,700 1,246,700 758,500 | 5,734,300 2,115,200 2,210,000 1,409,100
Main-stem resexvoir
evaporation N 660,000 1/ ° 67,000 17,000 576,000,
Total for 2000 6,394,300 | 2,182,200 2,227,000 1,985,100
- - 2020 - -
Municipal and industrial 7,200 70,000 29,100 32,100 9,200 147,600 42,600 47,400 57,600
Electric power (thermal) 30,100 108,200 55,600 261,800 148,700 604,400 331,100 16,600 256,700
Minerals 300 124,500 32,500 52,900 21,500 231,700 109,400 71,800 50,500
Fish and wildlife 1,200 39,400 6,800 22,200 18,800 88,400 49,500 8,400 30,500
Recreation 400 1,600 200 2,600 400 5,200 2,200 1,300 1,700
Stockpond evaporation and
livestock use 1,800 35,800 4,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtotal 41,000 379,500 128,200 382,300 205,300 | 1,136,300 556,000 166,100 414,200
Irrigation: consumptive
use, incidental and
reservoir evaporation 9,000 1,754,500 411,000 695,200 427,100 3,296,800 1,253,300 1,166,500 877,000
Export 885,400 117,500 267,000 185,000 | 1,454,900 452,000 882,500 120,000
Less import (-)2,600 (~)2,600 (-)2,600
Subtotal of all above 50,000 3,019,400 656,700 1,341,900 817,400 | 5,885,400 | 2,261,300 2,215,500 1,408,600
Main~stem reservoir
evaporation i 660,000 1/ 67,000 17,000 576,000
Total for 2020 6,545,400 } 2,328,300 2,232,500 1,984,600

1/ See explanation, page 52.
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Table 15 - Available water supply for the States' alternative
to the Framework Plan (6.5 million acre-feet level of development)
Upper Colorado Region

Upper Upper
Green Main San Juan- Colorado
River Stem Colorado Region

(1,000 Acre-Feet)

Virgin Water Supply (1914-65) 5,460 6,806 2,606 14,872
1980

Level of Depletions (1980) 1,356 1,723 1,040 4,119

Modified Flow ,

(excluding Main Stem evap.) 4,104 5,083 1,566 10,753
Main Stem Evaporation 67 17 576 660
Residual Qutflow 4,037 5,066 990 10,093

2000
Level of Depletions (2000) 2,115 2,210 1,409 5,734
Modified Flow

(excluding Main Stem evap.) 3,345 4,596 1,197 9,138
Main Stem Evaporation 67 17 576 660
Residual OQutflow 3,278 4,579 621 8,478

2020
Level of Depletions (2020) 2,261 2,215 1,409 5,885
Modified Flow

(excluding Main Stem evap.) 3,199 4,591 1,197 8,987
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Outflow 3,132 4,574 621 8,327

1/ Flaming Gorge Reservoir
2/ Curecanti Unit Reservoirs
3/ Lake Powell
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No. 2--State Alternative To The Framework Plan
(8.16 Million Acre-Feet Level of Development)

This is an alternate plan of development which reflects 8.16
million acre-feet of man-made depletions in the Upper Basin plus the
delivery of an average 7% million acre-feet of water per annum at Lee
Ferry. It includes the amounts of water evaporated from reservoirs
related to deliveries at Lee Ferry. This plan assumes that the
Colorado River water supply will be firmed to meet the Colorado River
Compact division of water and that the Mexican Treaty delivery plus
associated losses would be a national obligation. Depletion distribu-
tion among the states in 2020 equals their proportionate shares under
the Upper Colorado River Basin Compact.

States have assumed that increased production associated with
this level of development will be readily absorbed within national and
increasing western markets, This is especially true since the added
increment is a small part of the national market and will accordingly
have a small impact.

State Proposals

Arizona retained its allotment of 50,000 acre-feet for 2020 with
no changes in types of uses for regionally interpreted OBERS.

Colorado plans to irrigate 1,256,000 acres in 2020, which is
104,000 acres more than regionally interpreted OBERS, with a depletion
of 1,941,500 acre-feet.

0il shale developments, one on the Upper Main Stem by 2020 and
one in the Green River by 2020, of one million barrels per day each,
will deplete 194,000 acre-feet annually. A coal by-products plant
using 15,000 acre-feet in the San Juan-Colorado, and a potash plant,
capacity 1.5 million tons annually, using 9,500 acre-feet, are planned.

Fish and wildlife uses will total 71,400 acre-feet, a substantial
increase over regionally interpreted OBERS. Thermo-electric power
capacity of approximately 10,000 MW will deplete 153,200 acre-feet
annually. Export will increase to 1.4 million acre-feet annually.
This plan will meet regionally interpreted OBERS requirements for all
sectors except power which will be met by Utah.

New Mexico plans no changes in agriculture, fish and wildlife, or
recreation from regionally interpreted OBERS and will irrigate about
174,200 acres by the year 2020. Population by 2020 is estimated at
189,500 and the minerals industry is projected to available reserves
and national need. Thermal-electric powerplant installed capacity
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will be 5,623 MW. Export diverted to Rio Grande Basin via the San
Juan-Chama Project and diverted to the Lower Colorado Region to the
city of Gallup will be increased 125,000 acre-feet over OBERS for a
total export of 243,000 acre-feet,

Utah will increase its use by irrigated crops 10,700 acre-feet
over regionally interpreted OBERS and irrigate about 400,000 acres by
2020, There are no changes in fish and wildlife, recreation, or stock-
pond evaporation and livestock use from OBERS. Export to the Great
Basin by 2020 will increase to 447,000 acre-feet which is 20,000 acre-
feet less than OBERS. Major changes are in increased thermal-electric
power to 19,500 MW, increased mineral activity, including mining coal
for powerplants, a million barrel per day oil shale development, and
plants for processing oil impregnated sandstone and conversion of coal.

Wyoming's alternative plan of development includes a substantial
increase in the mineral industry including a million barrels per day
oil shale production, depleting 97,000 acre-feet of water, and con-
version of coal. Trona plant capacity will continue to increase.
Population will be increased over regionally interpreted OBERS by
63,000 to 148,000 by year 2020, The agricultural base of irrigated
land will be higher than OBERS and increase to 518,500 acres by year
2020. Thermal-electric power installed capacity is estimated at
almost 10,000 MW. Transbasin diversions to the North Platte are
estimated at 153,000 acre-feet which is a 32,000 acre-foot reduction
from regionally interpreted OBERS.

Summaries of Proposed Uses
Table 16 enumerates water depletions by States, subregions, types

of uses, and by time frames 1980, 2000, and 2020. Table 17 summarizes
water supply, depletions, and outflow by subregion for this alternative.
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Table 16 - Water use for the States’
alternative at the 8,16 MAF level
of development, 1980, 2000, and 2020
Upper Colorado Region

- = On-site depletions (acre-feet per xea(t;r)een e —_—
Type of use Arizona Colorado Mexico Utah Wyoming Region River Main Stem Colorado
- - 1980 - -

Municipal and industrial 2,900 22,100 7,200 10,100 5,500 47,800 13,400 16,200 18,200
Electric power (thermal) 34,100 10,700 90,000 125,400 22,000 282,200 | 45,500 1,600 235,100
Minerals 400 19,500 19,800 10,300 23,900 73,900 36,400 13,700 23,800
Fish and wildlife 1,200 38,800 6,800 22,200 20,100 89,100 50,700 7,900 30,500
Recreation 100 700 100 1,000 200 2,100 800 700 600

Stockpond evaporation and
livestock use 1,400 25,000 2,900 7,300 4,800 41,400 15,300 13,700 12,400
Subtotal 40,100 116,800 126,800 176,300 76,500 536,500 162,100 53,800 320,600

Irrigation: consumptive

use, incidental and :

Teservoir evaporation 7,000 1,391,100 245,000 576,600 431,500 2,651,200 1,032,900 1,007,800 610,500
Export 663,400 117,500 190,000 65,000 1,035,900 255,000 660,900 120,000
Less import (-)2,600 (-)2,600 (=)2,600
Subtotal of all above 47,100 2,171,300 489,300 940,300 573,000 4,221,000 1,450,000 1,722,500 1,048,500
Main-stem reservoir-

evaporation 660,000 1/ 67,000 17,000 576,000
Total for 1980 4,881,000 1,517,000 1,739,500 1,624,500

- - 2000 - -
Municipal and industrial 4,800 50,000 13,600 20,200 7,300 95,900 29,500 31,900 34,500
Electric power (thermal) 34,100 153,200 96,000 291,800 37,000 606,100 234,400 61,600 310,100
Minerals 300 128,300 38,800 10,700 47,100 225,200 99,600 67,700 57,900
Fish and wildlife 1,200 39,400 6,800 22,200 20,100 89,700 50,800 8,400 30,500
Recreation 300 1,100 100 1,600 200 3,300 1,400 900 1,000
Stockpond evaporation and .
livestock use 1,700 30,500 3,300 9,000 5,800 50,300 18,200 17,100 15,000
Subtotal 42,400 402,500 152,600 355,500 117,300 1,070,500 433,900 ’ 187,600 449,000
Irrigation: consumptive

use, incidental and

reservoir evaporation 7,600 1,792,500 411,000 660,600 534,500 3,406,200 1,325,000 1,198,800 882,400
Export 925,400 243,000 437,000 125,000 _1,730,1400 602,000 882,900 245,500
Less import (=)2,600 {~)2,600 (32,600
Subtotal of all above 50,000 3,120,400 806,600 1,450,500 777,000 |6,204,500 { 2,360,900 2,269,300 1,574,300
Main-stem reservoir

evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2000 6,864,500 2,427,900 2,286,300 2,150,300

- - 2020 - - .
Municipal and industrial 7,200 84,100 29,100 42,500 28,900 191,800 78,300 54,400 59,100
Electric power (thermal) 30,100 153,200 90,000 291,800 148,700 713,800 346,100 61,600 306,100
Minerals 300 207,500 54,000 165,600 122,700 550,100 364,600 113,300 72,200
Fish and wildlife 1,200 71,400 6,800 22,200 20,100 121,700 50,800 40,400 30,500
Recreation 400 1,600 200 2,600 400 5,200 2,200 1,300 1,700
Stockpond evaporation and
livestock use 1,800 35,800 4,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtotal 41,000 553,600 184,100 535,400 327,500 | 1,641,600 863,200 291,600 486,800
Irrigation: consumptive

use, incideatal and

reservoir evaporation 9,000 1,941,500 411,000 733,700 562,500 | 3,657,700 | 1,470,100 1,262,600 925,000
Export 1,360,300 243,000 447,000 153,000 | 2,203,300 640,000 1,305,800 257,500
Less import (-)2,600 (=)2,600 (-)2,600
subtotal of all above 50,000 3,855,400 838,100 1,713,500 1,043,000 | 7,500,000 | 2,973,300 2,860,000 1,666,700
Main-stem reservoir

evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2020 8,160,000 | 3,040,300 2,877,000 2,242,700

1/ See explanation, page 52.

62



PART XII ALTERNATIVE LEVELS OF DEVELOPMENT

Table 17 - Available water supply for the States' alternative
to the Framework Plan (8.16 million acre-feet level of development)
Upper Colorado Region

Upper A Upper
Green Main San Juan- Colorado
River Stem Colorado Region

(1,000 Acre-Feet)

Virgin Water Supply (1914-65) 5,460 6,806 2,606 14,872

1980
Level of Depletions (1980) 1,450 1,723 1,048 4,221
Modified Flow
(excluding Main Stem evap.) 4,010 5,083 1,558 10,651
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Outflow 3,943 5,066 ‘982 9,991
2000
Level of Depletions (2000) 2,361 2,269 1,574 6,204
Modified Flow
(excluding Main Stem evap.) 3,099 4,537 1,032 8,668
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Qutflow 3,032 4,520 456 8,008
2020
Level of Depletions (2020) 2,973 2,860 1,667 7,500
Modified Flow
(excluding Main Stem evap.) 2,487 3,946 939 7,372
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Qutflow 2,420 3,929 363 6,712

1/ TFlaming Gorge Reservoir
2/ Curecanti Unit Reservoir
3/ Lake Powell
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No. 3--State Alternative--Water Supply Available at Site

Development which would be possible if the states of the Upper
Colorado Region could utilize water which would be physically avail-
able at site of project development is described briefly below. There
has been no agreement between the states or within the states that
this can be accomplished in the way indicated, but rather this
discussion indicates utilization of water that is physically available
for development. It is contemplated that there would be shifts between
types of use as the needs develop. The plan would require substantial
augmentation to meet Colorado River Compact requirements for delivery
at Lee Ferry., If the Colorado River is augmented below Lake Powell,
exchange arrangements would have to be made. Proper consideration of
possible detriment to power revenues and of augmentation costs will be
required, :

Additional uses of 1.28 million acre-feet above the 8.16 m.a.f.
level are described briefly by state, and summaries for total uses are
shown in tables 18 and 19.

Arizona retained its allotment of 50,000 acre-feet for 2020 with
no changes.

Colorado has identified additional uses by 2020, which would
increase export to the eastern slope of the Rockies by 113,000 acre~-
feet annually and increase irrigation use by 69,000 acre-feet,
primarily in the Upper Main Stem subregion.

New Mexico water depletions would increase 228,900 acre-feet,
primarily for electric power, irrigation, and export to the Rio Grande
Basin. Water depletions for mineral processing would be decreased
about 40 percent.

Additional developments in Utah would all occur in the period
2001~-2020. Irrigation projects not previously incorporated in plans
would require over 200,000 acre-feet of water; coal conversion would
double and require 22,300 acre-feet more water; and an additional
100,000 acre-feet would be exported to the Great Basin Region.

Projected depletions of the Colorado River system by Wyoming
total 1,588,000 acre-feet, which is 545,000 acre-feet more than at the
8.16 million acre-feet level of development. Increases in depletions
are limited to municipal and industrial water supply (primarily
minerals) and export.
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Table 18 - Water use for the States'
alternative for water available at site,
Upper Colorado Region

On-site depletions (acre-feet per year)
New Green Upper San Juan-
Type of use Arizona Colorad: Mexico Utah Wyoming Region River Main Stem Colorado
- - 1980 - -
Municipal and industrial 2,900 22,100 7,200 10,106 10,500 52,800 18,400 16,200 18,200
Electric power (thermal) 34,100 10,700 112,000 125,400 22,000 304,200 45,500 1,600 257,100
Minerals 400 19,500 11,800 10,300 48,900 90,900 61,400 13,700 15,800
Fish and wildlife 1,200 38,800 6,800 22,200 20,100 89,100 50,700 7,900 30,500
Recreation 100 700 100 1,000 200 2,100 800 ‘700 600
Stockpond evaporation and
livestock use 1,400 25,000 2,900 7,300 4,800 41,400 15,300 13,700 12,400
Subtotal 40,100 116,800 140,800 176,300 106,500 580,500 192,100 53,800 334,600
Irrigation: consumptive
- use, incidental and
reservoir evaporation 7,000 1,391,100 245,000 576,600 431,500 2,651,200 1,032,900 1,007,800 610,500
Export 663,400 118,000 190,000 115,000 | 1,086,400 305,000 660,900 120,500
Less import (-)2,600 {=)2,600 (-)2,600
Subtotal of all above 47,100 2,171,300 503,800 940,300 653,000 4,315,500 1,530,000 1,722,590 1,063,000
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 1980 4,975,500 | 1,597,000 1,739,500 1,639,000
- - 2000 ~ -
Municipal and industrial 4,800 50,000 13,600 20,200 19,300 107,900 41,500 31,900 34,500
Electric power (thermal) 34,100 153,200 131,000 291,800 37,000 647,100 234,400 61,600 351,100
Minerals 300 128,300 17,400 10,700 140,100 296,800 192,600 67,700 36,500
Fish and wildlife 1,200 39,400 6,800 22,200 20,100 89,700 50,800 8,400 30,500
Recreation 300 1,100 100 1,600 200 3,300 1,400 900 1,000
Stockpond evaporation and
livestock use 1,700 30,500 3,300 9,000 5,800 50,300 18,200 17,100 15,000
Subtotal 42,400 402,500 172,200 355,500 222,500 1,195,100 538,900 187,600 468,600
Irrigation: consunptive
use, incidental and
reservoir evaporation 7,600 1,792,500 491,000 660,600 534,500 3,486,200 1,325,000 1,198,800 962,400
Export 925,400 243,000 437,000 300,000 1,905,400 777,000 882,900 245,500
Less import (=)2,600 (-)2,600 (=) 2,600
Subtotal of all above 50,000 3,120,400 906,200 1,450,500 1,057,000 6,584,100 2,640,900 2,269,300 1,673,900
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2000 7,244,100 2,707,900 2,286,300 2,249,900
- = 2020 - -
Municipal and industrial 7,200 © 84,100 29,100 42,500 38,900 201,800 88,300 54,400 59,100
Electric power (thermal) 30,160 153,200 131,000 291,800 148,700 754,800 346,100 61,600 347,100
Minerals 300 207,500 32,500 187,960 307,700 735,900 571,900 113,300 50,700
Fish and wildlife 1,200 71,400 6,800 22,200 20,100 121,700 50,800 40,400 30,500
Recreation 400 1,600 200 2,600 400 5,200 2,200 1,300 1,700
Stockpond evaporation and ’
livestock use 1,800 35,800 4,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtotal 41,000 553,600 203,600 557,700 522,500 1,878,400 1,080,500 291,600 506,300
Irrigation: consumptive
use, incidental and
reservoir evaporation 9,000 2,010,500 571,000 935,500 562,500 | 4,088,500 | 1,550,900 1,385,600 1,152,000
Export 1,473,400 293,000 547,000 503,000 2,816,600 | 1,090,000 1,418,900 307,500
Less import {=)2,600 {222,600 (22,600
Subtotal of all above 50,000 4,037,500 1,067,600 2,037,600 1,588,000 8,780,700 3,721,400 3,096,100 1,963,200
Main-stem reservoir
evaporation 660,000 1/ 67,000 17,000 576,000
Total for 2020 9,440,700 [ 3,788,400 3,113,100 2,539,200

1/ See explanation, page 52.
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Table 19 - Available water supply for the States' alternative
for water available at site
Upper Colorado Region

Upper Upper
Green Main San Juan-  Colorado
River Stem Colorado Region

(1,000 Acre-Feet)

Virgin Water Supply (1914-65) 5,460 6,806 2,606 14,872
1980

Level of Depletion (1980) 1,597 1,740 1,639 4,976

Modified Flow

(excluding Main Stem evap.) 3,863 5,066 967 9,896
Main Stem Evaporation - 67 17 576 660
Residual Outflow 3,796 5,049 391 9,236

2000
Level of Depletion (2000) 2,641 2,269 1,674 6,584
Modified Flow. _

(excluding Main Stem evap.) 2,819 4,537 932 8,288
Main Stem Evaporation 67 17 576 660
Residual Qutflow 2,752 4,520 356 7,628

2020
Level of Depletion (2020) 3,721 3,096 1,963 8,780
Modified Flow

(excluding Main Stem evap.) 1,739 3,710 643 6,092
Main Stem Evaporation 67 1/ 17 2/ 576 3/ 660
Residual Outflow 1,672 3,693 67 5,432

1/ Flaming Gorge Reservoir
2/ Curecanti Unit Reservoirs
3/ Lake Powell
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