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SUMMAHY

This report swmmarizes the results of comprehensive investigetions
for the formulatlion of proposed plang to provide a brosd guide to the bast
use, or combination of uses, of water and related land resources to meeb
foreseeable needs. It provides appraisals of natural resources and their
geographic distribution, makes projections of future requirements, defines
problems and needs, and pregents a framework program and alternastives
thereto %o gérve as & general guide for regource development and conserva-
tion for the years 1980, 2000, and 2620,

The Upper Colorado Reglon comprises the dralnage of the Colorado
River sbove Les Ferry, Arizona, and the Great Divide Bagin in south-central
Wyoming. The region includes parts of Arizona, Coloradn, Hew Mexieco, Utah,
and Wyoming and totals 113,496 square miles in srea, Hearly ftwo-thirds of
the land is in publie ownership,

The reglon is and probebly will remmin largely an exporter of raw and
partisally processed materials and other resources, ineluding water and an
importer of finished products. A msjority of the avsilable water is now
committed to downstream delivery and transmountain diversion.

Agriculture is livestock oriented, with beef cattle being the major
product, They are produced on the range- and irrigated-farm base and
mostly marketed outaide the region. About B7 percent of the projected
production of electrieal energy will be exported. The bulk of mineral
development will be for petroleum, uranium, coal, molybderum, and trons
production. The 1965 population of 366,000 is projected to almost double
by 2020. This includes the hydrologic portion of Arizona.

Qutstanding opporturmities are available for year-round recreational
activities, A great muber of vigitors from adjoining regiong and through-
out the United States enjoy the fighing, hunting, skiing, camping, and
other outdoor activities within the region.

The 1965 level of water and related land utilization, mansgement, and
development was uged sz the hase year for planning. The total water supply,
which assumes no depletions by man's activities, averages 14,87 miliion
scre-feet annually based upon the period 191465, On-site depletions plus
the evaporation from ressrvoirs on the main shtem of the Colorade River for
1965 normalized conditions were 3.45 million aere-feet. Irrigation and
associsted depletions accounted for 62 percent of the 1965 use, main-stenm
reservolr evaporation 19 percent, export to asdjacent regions 15 percent,
and the remeining 4 percent was used for all other purposes.

The Office of Business Economics and FBeonomlc Research Service (OBERSI)
March 1968, projections were modified to better fit the situation in the
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region., These modified projections are designated as the reglonally inter-
preted (OBERS projections (RI OBERS) and are the basis for the framework
plan., This plan is deseribed in detail, then is followed by alternative
pians that reflect emphasis on different useg for the mvailsble water sup-~
plies and resources. The alternative plans are identified as:

1. States' altermative to the framework plan (6.55 million
acre-foot)] level of development,

2. ftates! alternative at the 8.16 million acre-foot level of
development, and

3. States' alberoative for water supply physically avallsble
at site in the region {9.4k million acre-feet),

Comparigons of the framework plan and alternate levels of development
are shown ln the table on the Tfollowing page.

Program costs borneg by the Federsl Govermment for the framework plan
would total, aboub $3 hillion for the 55 years for installation; annual
OMER (operation, maintenance, and replacement) sogtes would inorease o
sbout $48 million by 2020, Non-Federal enbity costs would total $10 bil-
lion for installation by 2020, with OM&R costs increasing to over $646
million anrmually, particularly for thermal-electric power and recreastion,

Time Water de- Associgted Total de-

Lrame velopment development velopment
Installation cost in $1,000

1566-1580 1,160,300 2,700,850 3,891,1k0

1981~2000 1,07%,350 5,982,310 7,056,660

20012020 658,780 1,397,680 2,056,460

1066~-2020 2,923,430 13,680,830 13, 00k, 260

All proposzed levels of development meet the reguirements of (OBERS
projections and use the aveilable resources of the reglon in verying de-
grees. 1% appears that the commitments of the Colorado River Compact can
be met, and except Ffor local shortages during low streamflows, on-zite
demands can be met for the 6.55 MAP development level. ALt the two higher
levels, sugmentation will be required.

Iand and mineral resources exist in sufficlent guantity to meet all

projected levels of development. With minor excepiions, hunting and Tizh-
ing needs will be met,

ii
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Comparison ¢f framework plan and altermatives
for water and gelected yeigied reguiremants,

Tpper Tolorado Region

States’ aliernatives
6.5 H,16 Water
Frame- million million avall~
work atre- acre« sble
1965 plan feat feet  at site
Unit bage ip 2020 dn 2020 ipn 2020  in 2020
On-gite Depistions
Irrigation 1,000 ac,.~Th. 2128 3,264 3,297 3,658 i, 085
Export 1,000 ac.-fh. 551 1,653 1,455 2,203 2,817
Other uses 1,000 ac.-ft, 132 G4 1,136 1,542 1,878
Less import 1,000 ac.-Ft. {-)3 {-}3 {-}3 {-13 {-13
Subtotal : 2,804 8,865 5,985 7,500 g, 781
Mein-stem reservolr
gvaporation 1.000 ac.-ft, ) HED a1, 60 G6G
Total 3,451 €, 545 6,545 8,160 FRAS
Agricultural Activity
Irrigated land 1.000 acres 1,622 2,122 2,118 2,35k 2,579
Dry cropland --1,000 acres 603 503 5032 503 503
Renge grazing production 1,000 AlM's 5,36 7,663 7,665 7,665 8,392
Timber production Mit, cu. 5. La 340 340 ho 240
Industrial Aedivity
Electric power
Thermal Megawatts 1,335  ba,08z 4z 89y by,591 50, 391
Hydro Megawabta 1,300 1,300 31,300 1,300 31,300
Minerals
Shale oil Mii. ©hl./day 0 0 1.5 k L
Coal byproducts Equivalent
wmil. Ybl./day o 0 ¢.2 0.8 1,6
Potash Tons/ day 6 o L300 4,100 4,100
Flah end Wildlife - Recrestion
Pigh and wildlife
Sport hunting 1,000 man-days 1,268 2,37 2,63 2,553 3,072
fport fishing 1,000 man-days 3,557 8,667 g,251 3,691 10,094
Recreation Mil, rec.~days 56 224 L] 225 225
Hatershed Management and ¥lood Contral
Hetershed management
Sediment visld reduction  Ad,-7F4. /yr. 2,76k 2,765k 2,764 2, ek
Flood control
Flood dsmage reduction 1,000 dollars 6,7k 7,083 7,755
. Eeonomic Aetivity (Ecomomic Roundarieg)
FPopulation 1,000 & 337 %) 7hE Pl
Employment 1,000's 111 251, 285 kL%
Gross reglonal produck Mil. dollars 1,12 0,k700 11,712 13,509
Personal income Hil. dallars T30 7,572 8,570 10,586

111
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PART T
INTRODUCTION

Authordzation, Pur@oée,.aﬁd Seope

Thae Upper Colorado Region is one of the major river basing in the
United States inecluded in s nationwide program to provide comprehensive
river basgin plans for the development, use, and management of water and
related land regources., This program stemmed from recommendstions of the
Sengte Select Commiites on Hational Water Resources; and planning con-
cepts are embodisd in Senate Document No, 97, 87th Congress, Second Ses-
sion., The overall progranm was presented by the Fresident in the Fisesl
Year 1903 budget, The Upper Colorade Region study was approved by Cone
gress, and funds were provided to start this activity in Fiscel Year 1967,

The States of Arizone, Colorsdo, New Mexico, Utah, and Wyoming and
the Upp&r Colorado Pilver Commlssion participated with the various Federsl
agencies in this iﬁvesﬁigatlon under asuthority pr0v1ded Yy the appropriate
gtate leglslature, . S

The hasic objectlve in the farmulatxan of the framﬁwnrk plan gnd al-
ternatives 1 to provide s broad guide to the best use, or combination of
uges, of water and related land regources in sach reglon to meet foreges~
able short- and long-term needs. In studies 46 achieve this baslc obljec~
tive, considerstion was given to: (&) the timely development and manage-
ment of thege resources as essential alds to the sconomic developient and
growth of & region; (b) the preservation of rescurces, in appropriate in-
stances, to insure that they will be awvailsble for their best use as
needed; and {¢) the well-being of all of the people ag the overriding de-
‘terminant in such planning. :

The purpose of this report is to present condensabiong of the find«
ings of the supporting appendices; the description of the region; the
present {1965} statug of water and related land resource development;
availebllity of waber, land, and other regources; and regiocnal needs and
demands. Also, the report presents a comprehengive framework plan and
poggible alterpative plans, & comparigon of propoged plans, conclusions
reached, and recommendations for future acﬁlon.

: The gtudies made for this report are preliminary, or reconnalssance,
in scope. ALl geographic areas within the reglon and all purpoges served
by the conservation, development, and use of water and related land re-
sources were considered.  Availsble dats pertinent to the study thati
have been collected, developed, and <atsloged over the years by local,
State, and Federal agencles were utilized. The studier considered only
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intraregional water and related land resources use except for those in-
terregional water uses established by prior compacts and asgreements.

Guidelines

General guldelines for framework studies were prepared by the Water
Regources Counell and Pacific Southwest Inter<igency Commitiee, For ex-
ample, the following guidelines, all formulated in the early stazes of
this study, became prevailing considerations and were complied with dur-
ing the course of the study. : : N ’

1. All interregional diversions will be feccgnizeé and the expected
transfers of water included as a loss to the transferring-out region and
available for uge in the traﬂsferrlng in reglon,

: 2. The dlSufletlDﬁ of water between reglons ﬁill be ma&e 1n,acccrd-
ance with existing compaats and legal agreements,

3. Ayaalable water allocated under compacty, agreemﬁnts, or lam3 but
not presently in beneficial use by the allottee will be avsilable for fu-
ture beneficial use of the allotiee (state or other organizetional unit).
Thig study will rely on appropriate state laws or policies for determina-
tlon of priﬂrxtiaa of use among competing areas and uses.

. 4. The oceaﬁ.shculd'be eansldered available and plans for its use
a3 a water resource conid be included. - Availability to the Upper Colorado
Regleon would be limited by exchange with other regions.

5. Consideration of water quality will provide sufficient latitude
to permit Tuture growth and full development of water use, provided the
ceondition of-the water does not reflect failurs to gpply corrective meag-
ures which are physically and economicelly Tessible. These walter quality
conziderations shall neot inhiblt gpplicstlion in any way of existing inter-
state compacts or court decrees or intrastate sppropriation of water,

6. Importation of water from outside the Pacific Sbﬁﬁhwest‘will not
be investipgated except for pregently authorized projects.

T. The relaticnshipsref.wild.and geernic rivers to 1land use, water-
shed management, water development, and other functions will be conside
erad. : : :

&, M&lntenance of eﬁvargnmﬂntal qnality will be gzvem hlgh prierlty
in planning for the future.

G, Only gen&r&l coansideration will be given t0 cost-repzyment capac- .
ity relationghips for seleection of a plan of water and land development.
The plan will be bhased essentlally upon the reassoned Judgment of competent
pl&nﬂers.

2
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Coaperatlng Agencies

This repart iz a cooperatlve effort of the follﬁw1ng St&tas and Fed—
eral agencies.

State of Avizona - v
State of Colorzdo
State of Mew Mexive
Btate of Ubtah
State of Wyoming
Upper Colorado River Ccmmiﬁsion
Department of Agrieulture '
Agricultural Research Serviee
Forest Service '
Boonomic Pegearch Serv1ce
Rursl Flectrification Administration
Soil Conservation Service -
Department of the Army '
Corps of Engineers
Department, of Commerce
Beonomic Development Aﬁministratman
¥abional Wealher Bervice
Department of the Interior
Bureau of Beclamation
Pureau of Outdoor Recrestion
Bureau of Sport Flsherles and Wildiife
Buresu of Indian Affairs
Burean of Land Management
Burean of Mines
Geoclogical Survey
Nationgl Park Service
Ervirommental Protection Agency
Water Guality Office:
Department of Labor
Bureat of Buployment becurlty
Department of Transportation
Federal Highwey Administration
Federal Power Commigsion ) :
Department of Health, Education, and Welfare
Public Health Service ‘ -

Coordination and Administration

The Water FHesources Planning Act (P.L. 59-80, July 22, 1965) estab-
lished the Water Resources Council, The President transierred the fune~
tiong and committee orgenization of the Inter-Agency Commitiee on Water
Regources to the Water Besources Council on April 10, 1966. By letter of



PART I . . . INTRODUCTION

October 10, 1966, the Water BResources Council reguested the Pacific Southe
weat Inter-Agency Commitiee {PSIAC) to take leadership and coordinate the
comprehensive studies in the Pacific Southwest, including the Upper Colo-
rado Region. PSIAC accepted this responaibility by letter of Hovember 21,
1966, An organizstion meeting to begin the Upper Colorado Region study
was held on Jamary 3%, 1967. The Upper Colorado Rlver Commlssion was
subsequently designated ag the chair agency. : _

State and Federal Agency cocréination during the study phase of this
report consisted of correlation and consclidation of basic information, -
analyses of present and Tuture water and related land use problems, and -
formalation of the framework plan and alternstives. Each participating
agency provided basic data, analyses, and leadership in its special field,
Detailed coordinstion was acaom@llshed through the use of work groups and
t&sk forceg. ‘ . . :
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© DESCRIPTION OF REGION

Location and Bize

The Upper Colorado Region comprises the dreinage basin of the Colo-
rado River above Lee Ferry, Arizoms, snd the Grest Divide Basin in soubh-
central Wyoming. The regicn is on the west slde of the Contlnental Divide
and includes parts of Arizona, Colorado, Nev Mexico, Utah, and Wyoming.
It encompasses an azrea of 113,495 square miles, including 109,530 squere
miles in the Upper Colorado River drsinsge and 3,916 squere miles in the
Great Divide Basin of Wyoming. The region is bounded on the east and north -
by mountains forming the Continemtsl Divide and on the west by the Wasatch
Mountalns, On the south it opena to the Lower ColQradc Ragicn at Lae Fﬁrry
in.narﬁhern ﬁrlzona Co

_ Fﬁr the purpose Of ana1y21ng prcblems and gelecting =1 framework plan,
the region was divided into three hydrologic subreglons comprising the |
naturael drainage basins of the Coloradco River and its two principsl tribu-~
taries, the Green and San Jvan Rivers. These aress are generally indepen- .
dent of each other, especially wilth regard to water and related lend use.
Total area of the reglon by states and subregions is shown below. The sube
regions are delineated on ﬁhe frontlsylece map and are éiscussa& in the
fcllewing sectiOHS. E : ‘ : - s

Ares by states and subregions
{Unit-~square miles)

, o . . Hew S -
Subreglon Arizena  Colorado Mexico Ftah Wyoming - Total
Green River 10,574 17,086 1/21,020 45,660
Upper Main Stem - peL1Es h,oeh S - 26,192
Ban Juan- : IR = - AR .
Colorado . 6,927 5,800 3,740 16,1??'--' S 38, 6uL
Total o 6,827 38,540 9,740 37,267 23,020 113,496

1/ Includes Grest Divi&e Basin of 3,916 square miles. -
| Gresn River Subreglon

The Green River Subreglon is located in seuthwesterv Wyaming, nori-
western Colorado, and northeastern Utah, It has an area of about 48,660
squsre miles or about 43 percent of the entire region, and comprises the
entire drainege basin of the (reen Blver and the Grest Divide Basin.
Principel tributaries of the Green River are Blacks Fork and Hams Fork in
southwastern Wyoming, Yaaps, snd White Rivers on the western slope of the
Continenbtal Divide in northwestern Colorade, and the Price, Duchesne,
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and San Rafael Rivers in eastern Utah. These streams are fed by mumerous
headuater laskes. The Great Divide Basin has only one stream with persnnial
flow, a few perenniel lakes, and oumerous lotermittent or dry lakes and
streams. It Goes not contribute 1o the water resources of the regiﬂn BXm
cept for s smell amount of internal uEE.

The largesﬁ %owns in the subregion are Rock Springe snd Green River
in Wyoming, Vernal and Prlce In Utsh, and Craig, Steanmboat 8pr1ngs, and
Meeker in Coler&do.

The subregion is well served‘with transpcrtation faﬂllitles. Inter-
state 80 crosses the plains of southern Wyoming and U.S8. 40 crosses the
northern Colorado  and Uteh parts of the subregion. In 2ddition, Inter-
state 70 passes through the scuthern part of the subregion in Utah. A neb-
work of state highways apnd local roads comnect towns of the ares. The main
iine of the Union Pacifiec Railrosd crosses southern Wyoming. The msin Lline.
¢l the Denver & Rio Grande Western Reilroad pmases through Price in Utah,
and a branch llne serves Steamboat Springs and Craig in Colorado.

Minﬁral developmenx is the major inﬁnsﬁry of %he Green Rlver Subre—
gion. Oil and natural gas are of primary lmportence. Alsc of mejor ime
portance are cosl, gilsonite, asphalt, and trona {sods ash). Vast
raserves of oll shale are present snd offer potentisl for large futurs
industrial developments, : o

Agriculture renke near mineral production in importazce to the local
SCONOHY . Agricultural development is centered around livestock produce
tion, primarily beef cattle and sheep. Because of & short growing seasom,
erop production 18 limited largely to small grain, hay, snd pasture.
These crops are used as winter livestock feed snd complement the vast
arens of public grazing lands admlnlsﬁered,hy the Forest Service and Bu-
reau of Land Managsment. ,

Forestry and %imbernbased industries are & significant segment of
the local economy. HNine miilion ascres of the subreglon are Torest oy wood-
iands and neave & direct effect on the local economy. Many of the rural
commupities are dependlent on the forests for thelr livelihood through the
jvwber and wood Industries, mansgewerdt ard PrD%ECﬁlOn of the forests, or
forest recreab ion .

Recreation is increasingly'importanx to the economy. ILarge mumbers
of vacatloners are abttracted by the Flaming Gorge HNationzl Recreation
Ares and the Dinosesur Wational Monument, as well as by several nebional
forests and other public lands with cutstanding recrestionsl opportuni~
tieg. Also popular as recreatios spobs are numerous state garks, private
developments, and w1ﬂter sports areas.
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Upper Main Stam Subreglon

The Uygar Main Shem Subregian is the sres dralpned by the Colara&o
River and its tributaries above the mouth of Green River. Principal trib-
ytaries ere the Rosring Fork, CGunnison, and Dolores Bivers. The subregion
has an ares of 26,192 sguare miles, with about 85 yercent of the ares in
Coloredo anﬁ the remalnder in Utab.

Graﬁﬁ Junetios, Moniros&, and Glenwocé-ﬁprings ars the principal.
towng of the subregion in Colorado. Moab is the only major commumity in
the Ttah portioa. e . _ , -

Intersiate 70 and the main 1line of the Denver & Rio Grande Western
Bsilroad traverss the subregion and provids the principal transportation
rovtes. A network of state hlghwayﬁ and seconﬁary roads also extends
through the area.

ﬁineral develuyment ie the pre&omiﬂanx industry of the subregion. The
area ig the Hation's chief source of molyhderum end is & major scuree of
varadium, urenium, lead, zine, coal, and gilsonite. Although gold and
silver were the bassis for early setilement, production of these metals is
now of secondsry importance. Like the (reen River Subregion, the Upper
Main Stem Bubreglon contains vast reserves of oil shale which offer po-
tentialities for lerge future industrisl developments.’

In the Upper Mein Stem Bubragion, &s in the Gre&n River Subreglon,
sgriculbure centers around livestock production and production of Live-
stock feeds on lrrigeted lands 1o complement the large areas of range-
land. There is somewhet more diversification of c¢rops in the Upper Main:
Stem Subregion, however, with some major land sreas  devobed to sugar
beets, beans, potatoes, table vegetables, and frult. This diverpifica-
tion is made possible by climatic and topographic conditloms which create
faverable alr drainage and minimize frost deamage.

The subreglon aantains nUmETOUs recreatian&l arzsas of national sig-
nificance. Thesze include several pational forests, the Rocky Mounbain
Hotiopal Park and a pert of the Canyonlands National Park, the Shadow
Mountaln and Curecanti National Recrestion Areas, and the Blaek Canyon
of the JSunnison, Coloradoe, and Arches National Monuments. ALso the area
conkaing such noted resort areas as Aspen and Vall as well 88 many pop-
uwlar smaller resorts on both public and private land.

San Juan-Colorsdo Subregion

The $San Jusn~Colorado Subregion 1is the area dralned by the Colo-
rado River end its tributaries between the mouth of the Green River and
Lee Ferry, Arizoma. The largest of the tributary stresme is the Ban
Jusk River which heads on the western slope of the Combinental Divide
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in.soﬁthﬁesternfColorado;. Théee small tributariss are Dirty Devil, Esca-

lante, and Paria Rivers which drain a portion of the esstern slope of the -

Wasatch Plateau In Utah., The subreglon inciudes portions of Ubsh, Hew
Mexico, Arizons, and Colorado. It has a total area of abaut 38 6&& ‘square
mlies, 34 percent of the ﬂpper Cﬂlcradm Regian. - o

_ The 1&rgest tcwns of the subreglen sre Durango anﬂ Cﬁrtez in Colo-
rado, Mormticello and Blanding in Uiah, and Farmingbon in Hew Mexico.
Page at Glen Canyon Dem is the onily communlty of significant size in the -
Arizona porticn of the subregion. Most of the remﬁlning Arizona portion :
is in the anajo Indian Reservabion. ‘ _ _ -

The subregion is served hy‘U S Highways 8& 89, 160, 164, 550, and
666 and by sn extensive system of stete highways and secendary roads.

‘ Mining and agricnlture form the economic base f@r the San Juan-.
Colorade Subregion. The mgricultural development is similar to thet of
the Upper Maln Stem Subregion with most of the cropland devobed to live-
stock feeds Dbut with production of diversified market crops on lapds
with favorable air drainage. The min market crops are fruil, vegetables,
and dry besns. Ol11, patural gas, and coal are the most important minerals
produced. There is slso & significant production of vanadiuvm and uranium.
Gold, silver, and assocliafed minerals sre produced, btut their importance
hags declined conslderably from the boom praductian of the early settlement,

.&&ys.

Eecreation and associate& industrias contrmbuta substantlaily to the.
local and reglon economy, The San Juan Mountains, known as the "American
Alps,” are renowned for their scenic besuly and recreatiopal opportuni-
tieg and attract vacationers Trom throvwghouth the country. The subreglon
also is noted for its patlomal forest and for its netional parks and '
monunent s, many of which preserve prehistoric Indlan ruins, It conbains
Bryce (znyon and Mesa Verde Netionel Parks and the major pert of Canyon-
lands Hetional ¥Ferk.,  Alsc, it includes nine nstionsl monuments--Yucca
House, Navajo, Capiiol Reef, Rainbow Bridge, Canyon de Chelly, Natural
Bridges, Hovenweep, Aztec Buins, sand Chaco Canyon. Alse nobable in the
subregion sre the Glen Canyon National Recreation Ares sand the "Four
Corners,” the only point in the Unlted States where four states join.
Mexny recreational facilities are provided on the public gomaln and by
state, local, and private Gevelopments. , _

Ebonomic subregians

In addiﬁion to the three hydroiogic subregiuns descrihed above, the
region was divided into three economic subregicns for use in economic
analyses. These subregions are similar $o the hydrologlic subregions butb
are defined by county lines rether than by river drainege. This simpli-~
Pied the collection of stabtistical data for the economic anslyses which
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ere gvailable by counties.. The differences in boundaries necessarily o
cause some variations in the statistical data for the sconomic and hyﬂro-
1ogic Subregions, but these are generally small.1‘ Co

History
‘ The prehistory of the region spans the Tirst 11,000 yeéars and it is
snticipated that earlier evidences of the presence of men may be found.
The Lithic Stage commenced about 9,000 B.C. and is charscterized by
finely chipped Clovis Fluted projectile peinits, the well-known Folsom
pointe, &nd the delicately flaked leaf-ghaped Hden and Angostura polints.
Man subsisted on bilg game hunting during this pericd. The Archaic Stege,
which dates from sbout 2,000 B.C., followed. LArtifacts indicate man had
adapted to & hunbting and plant-gathering subsistence in a harsh desert
and ssplarid enviromment. During the Archale Stage, man begon to gpecial-
ize into regionally identifiasble culiural groupings oub of which the later
pericd and better-known Anssszl and Frepont culiures emerged. The Anasazi
culture, which ranges from the Tifth to the 1hth century, A.D., is known
Tor lmpressive achlevements in architecture, ceramics, and herticulﬁare
and had a highly developed religious Bystem-

There is a diecoatlnmity beﬁWEen the pwehistoric ¢ultures and the In-
dian populations existing st the time the Flrst European explorers enhered
the Region. Navajos, situated Iin the southern portion of the region, are
1atec0mers who arrived during the 1ast 500 VeBrS. S .

In 1869 Majoz John Wesley Powelil explored 500 miles of the Goloraﬁo
River system from Green River, Wyoming, to the mouth of the Virgin River
within the present area of lake Mead. Powell's studles and recommenda-.
tions wers the first and for many years the most slgnificant in shaping
policy and legislation for &da;&ing the arid lands of the West to agri-
culture..

One of the first germanent settiements was ﬁhe Port built by'ﬁﬁtciﬂe
Robidon in 1832 nesyr the confluence of the (inta and Duchesne Rivers in
the Green River Subregion. John Rohertson established a trading post on
Blacks Fork about 1834 and induced Jim Bridger %o settle nearby along the
inmigrant trail o Oregon and lsier to California. Ford Bridser became
an importent resupply polnt for the Mormon piomeers in 1847 and succeed-
ing gzars and for California~b0und tr&velers following the golﬂ disccvery
of 1oag , .

gold atiracted early pwosPectors and miners to the regioa. It was
discovered nesr Breckenridge, Colorado, in 1859, and numerous placer
mines guickly flourished. Obher goid and sllver strikes followed. Dur-
ing the next few years there was considerable development throughout the
Colorado part of the region and the populetlon increamsed rapidly.
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Settlement was confined at first to mining camps in the upper resches
of the rivers spd to limited agricwlitursl sress that developed 4o supply
the nearby camps and the travelers on the overland treils to the West.
With the decline of mining enterprises, agriculture becams the basic in-
dustry of the region. Many miners, diseppointed in their search for gold
and silver, turned to stockraising and the growing of crops as & means
of livelihood. Towns and cities were developed mainly near ferms and mines
and &t important reilroad polmbts.  Stetehood was achieved by Colorade in
1876, Wyoming in 1890, Uteh in 1896, and New Mexico and Arizone in 1912,

Development .

The Mormon piomeers sarly established the pattern of smell agricul-
tural commnlties slong river valleys vhere the more favorable farming
land couwld bhe cultivated and irrigsted and where livestock could be
grazefl on nearby forest snd rengelsands. The livestock industyy soon be-
came an lgportast sector of the sgricultural economy and remains today a8
53 major iﬁaustry in nmost of the reglon. ' _

It wes aaon found that irrigatian was esaential to successful erop
production In most parts of the region. The rate of irrigation develop-
ment was slow, however, becesuse of difflenit construction methods and

©. generally low crop values. By 1%00 most of the resdily svailable sources

of irrigation water hed been developed by private individuals and small
irrigation compenise. Shortly after the turn of the cenbury the first Fed-
eral reclamation projects were undertaken in the region and these have
been tThe miclel arcund which today's larger farming communities and trading
centers have evolved, There are now numerous Federal projects throughout
the region, many of which provide stability to former privaie developments
by providing supplemental water and ellmlna%ing water supply sharﬁageh dur-
ing periods of deficlent streamflcws. T

The sarly history of the region has its roois in the minlng inﬁustry.
As has slready been menbtionsd, the discovery of gold and obther precious
metale led %o an influx of prospectors and miners and the establishment of
numerous early setilements. Mining actlviiy sad commercial requirements
of the booming populations asscciated with the industry attracted the
early railroad development. Fven the congtruction of the Union Pacific
was pertially based on the influences of gold and silver dlscoveries in
Celifornia and Nevads in the mid-1800's. Similer discoveries in the Colo-
rado Rockles and the desperate need for transportation to the mining canps
led to the construction of a great network of railrosds, mostly narrov
gage to pope with the mountain conditions. These in turn produced a de-
nand for wood for railroad tiles and bridge tinmbers and for fuel. Qoal
replaced wood as & domestic sand Industrial fuel source 2and led to the
coal mining industries of Colorado, Ubah, and Wyoming. .

10
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In the late 1800's end early 1900's the growing populations, hoth
within the region apd in the adjzcent mebropelitan areas, provided an ex-.
panding coal market for heating and industrial uses. For a time coal pro-
ducticn was of major economic importance. After World War II-the substie
tubion of gas Tor coal as a4 fuel and the adoption of diesel power om the
railroads caused a major decline 1n cosl mining. Towns such ag Rock
Sprivgs in Wyoming, Frice and neexty mining towns in Utah, and simllar
sreas scatbered through the Colorsdo part of the reglon suffered heavy
economic dlsplacements and 1loss of employment that led to distress thatb
ooly now is beginning to modsraie. The decline in ¢osl production was
precipitous and neny mines, even whole camps and towng, were closed and
abandoned. The trend has begn reversed in recemt yeers as demsnds in-
crease for coel for the generation of thermoelectric power. Soaring de-
mands for electric power have recently led to the development of strip-
mining techniques and the construction of mine-mouth powerplants. These
have resulted in increassed coal ywoducticn but with only 1ittle Tecovery
of ¢oal mining employment.

Mining of m@lyhdenum in western Coloradc was startéd'éuring'Wﬁrld
War I. Production grew rapidly and now about half of the free world's
pro&ucti@n is obtained from the arez. . ,

Ur&nzumwvana&ium,éeposlts have bheen mlﬂeé sporadically-smnce about
the turn of the century. Exploration =nd mining hoomed during and Tol--
lowing World War IT with the development of stomle fission and the dew
mands for stomic energy. At that time the Goverument was essentially
the only customer, and exploration and production were slowsed when sup-
plies exceeded the demands. Since 1965 & new boom hag been taking place
t0 meet the needs of power producers who have been ordering Increasing
nunbers of nuclesr-fueled generators., While surface guteropplings were
well explored in the earller boom, extensive driiling is now belng under-
taken by larger companies. Radiosciive mineral deposits Iin the region
are among the grestest known in the world todsay. _

Production of 0il and gas in the region dates from the eariy 1900°s.
Petrolevm booms came with the discovery of the Rengely field in weslern
Colorado in the 1940's and the Greater Aneth field in southeastern Utah
in the late 195G's. Activity 1n exploration has itgpered off in recent
years with the drilling of mary wnsuccessful wildeat wells, :

Timber harvesting began with the early settlers who produced lumber
for home and business construction, rail ties, mine props, fuel wood,
end poles. During the period 1868.1505 several million railyoad ties
were out for the Union Pacific Redlrosd. The accessiblliity and abundance
of this forest product were major factors in the completion of the frans-
continental raiirosd and its subseguent expansion to the early setile-
ments of the reglon. In recent years, with new methods of uwtilipstion
and processing, uses for the local timber rescurces have been greatly
expanded and timber has become of major lmporiance to the local economy.

11
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_The wood is now use& in the manufacture of & variety of products such as
._plywcoﬁ} mﬂuldings, 5pec1alty panellng# treatea.posts &nﬁ.palee, excel-
'.siar, hoxes, pulp chips, and mﬁtches. Co ) :

Tmpetus tajhyﬂraelecﬁrlc-pqwer generation wag given Dy the mineral
industry. The Tirst hydroelectric development was at Aspen, Colorsdo,
in 1885. In 1891 tbe Ames Flant, located In the upper portion of the
Dolores drainege in Coloradsc, was among the first hydroslectric plents -
to transmit alternating current &% high voltsgs. Ag the region became
settle& and the need for electricity grew, seversl small hydroslectric |
ylants werée bullt. A of Decegber 1965, 16 of these small plants, with
a total installed cayacity of ahouz 76 00 kllowatts, were operating in‘
the regiou,,r” :

Et Was ‘not unmbil the 1950 ] that ﬂteam»electric power yroauatmon had ,
plgnificant growth. In 19% only 8ix smell steam-electric plants with an
ingtalled capscity of sbout 56,000 kilowatts were opersted by ubilities.
By 1960 Tive sdditional steam-electric plants had been built, bringing
the capacity to abous hO0,000 kilowstia, In the 5 years preceding Decem
ber 1965, the installed capacity was increased by 233 percent to 1,335,000
llowatts as large steam-electrlc units were bullt at the Four Corners
(New Mexico), Hayden {Colorado}, and Naughton (Wyoming) plants. These
plants were located primarily to take adventsge of the availability of
lgw-cosdt coal. Most of theilr ou%?ut ig axportea to load cepters outside
the regi@n. ' ‘ e IR . .

Tt was also in the 1950 5 that the Coloradc River Storage Projec% ant],
Participating Projechs were authorized by the Congress. Primerily for wa-
ter conservation, the development was alded finarcially by the addition
of hydroelectric power generabing wniis st seversal reservolrs construched
under the authorization. By December 1965, 820,500 kilowatts of generate
ing cepacity had been installed at the Glen Canyon and Flaming Gorge Powerw
plants., By December 1948 the capacity had reached 1,128,000 kilowabts
with the addition of capeclty st the Glen Canyon Powerplant and installs-
tion of the Blue Mesa and Fontenelle Powerplemte. The Glen Canyon, Flam-
ing Gorge, and Blue Megs Plants are parts of the Colorado River Storage
Project in Arizone, Uteh, and Colorado, respectively, vhile the Fonlenelle
Plent is part of the Scedskades Participating Project in Wyoming. By 1968
plants of the storage project and partlcipating projects comprised about
93 percent of the totel hydroelectric power capécily then opersting in the
reglon, AL the pregent time most of the power generated abt federally
owned plants is exported from the region. These exports will continus
until load growth in the region ltsalf mskes power genersted there palable.

 The region has attracted meny nonresidents to enjoy hunbing, Tishing,
and other recreaticnal opportunities, These visitors have mede a major
contribution o the region's economy.- B ‘ .
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) Tﬁble 3 - Pnyulatioa, employmant, and partieipaxion '

rate, 1940-1965
Upper Colorads Region

TS

1940 18950
Population - 271,535 281,154 338,001 336,929
Total enplogment . C 0 79,81 95,717 111,62 113,350
Participation rate {emyloymeﬂt/ S - o _
pﬂpulﬁtiaa) S L 0.292 0. 340 0,330 0.331

EQQloyment by Industry

Agriculture, forestry, and fisheriss 30,280 26,832

Mining . : 10,399 12,956
ﬁdntfact-cmfstructien - ¥'_ S L,097 6,495
Manufacturing ‘ . o :
Food and kindred prcducts - 767 0 8g0
lumber and wood products = - 800 1,100
Printing =nd pudlishing - , 439 634
{ther and miscellaneous = . . 1,432 1,315
Traﬁﬁpértaticn, cqmmuﬁication, and ‘ - ‘
other public utilities _ - 5,78 9,588
Wholesale and retall trade 9,949 1h,907
Finance, insuraace, and real
estate o - ) 851 l,k5h
Bervices , ' :
lodging and persana? , 2,827 3,358
Business and repair 15 50k 2,590
- Entertainment and recrsetion 565 759
Private households 1,653 1,377
Medical, educationsl, and other
professiconel services 5,305 7627

15,679 12,793
15,735 13,495
9,560 7,795
1,581 1,480
1,318 1,970

528 8o
2,366 1,887
9,926 9,884

21,375 22,631
2,813 3,216

h,736 5,719
2,700 2,666

839 1,500
2,343 2,338
14,198 16,650

5,595 £,540

Goverment 2,665 3,83k
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PART III . . PRESEND STATUS OF BEVELGPMENT |

Mining employment inereased 2 percent anmuslly unbil 1960, princi-
pally due o increased oll, gas, and uranium activity. The last 5 years
employment decreased hecause of incressed proﬁuct1v1ty Per mEn-nour snd
general curiailment of uran;um.operatmons. :

A surprlsing percentage of ﬁhe total employment is the wholesale and
retail trade; however, the incressed enmpioyment is dus primariiy to the
large munber of part-~fime and family workers employed by trade eshablish-
ments., The relalive imporbtance of services has incressed perslstEﬁxiy 8t
the znmual rate of 3 6 percent,

Perscnal income

Pergoral income represents a composits of all wage and salary pay-
mentg, propriefors’ income, property incoms, and trangfer paymenty re-
ceived by residents of an aresa during a specific time perlod, computed
pricr to the deduction of income and obther direct personal taxes but af-
ter deduction Of Individual contributions to govermment retirement and
aorlal insursnce programs. The bulk of the pergonal income received is
derived from the sale of productive services, i.e., wage and salary pay-
ments, prcprletors’ income, and property Iincome.

Estimates of reel yersanal income (1985 dcllars) for the reg1on} both
total and per capita, are tabulsted below for selected years between 1940 B
and 1965. A8 a whole, total personal income increased from approxzimately
$260 million in 1940 to aboub $730 million in 1965,

Pergonal inccme,}/ 185065
Upper Colorado Region

Grgan Upper San Jusn- Upper
River Main Stem Colorado Colorado
Subregion Subregion Subregion Pegion
1540
Total {$1,000) 10k, 1h6 108,627 L7,602 260,375
Per capita 1,007 1,027 750 956
1950 A | ' - o
Total (31, 000) 16k,568 - 154,826 76,550 366,040
Per caplta 1,484k 1,419 . 1,237 1,405
1959 '
Total {31, OOQ) ig2,671 230,787 182,797 605,255
Per capita 1,922 1,848 1,079 1,839
1965
Totel (tiﬁ ,00C) 213,10h 333,522 183,372 729,998
Per capita 2,115 2,439 1,541 2,167

1/ 1965 doliars.
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PART ITI PRESENT STATUS OF DEVELOPMENT

Value added for selected major industry groups
(Unit--million dollars)

Green Upper San Juan-

River Main Stem Colorado
Subregion Subregion Subregion

Producing industries

Agriculture 29.5 32.0 15.8

Forestry 2.0 2.9 2.4

Mining 101.3 h7.9 72.3

Manufacturing 5.6 19.5 9.5
Noncommodity-producing

industries 92.6 171.8 111.7

To complete the measurement of regional accounts in terms of broad
categories of the economy, the gross regional product was estimated for
1965 and is tabulated below. In accordance with methods used for esti-
mating national accounts, gross regional product (GRP) is the sum of four
major expenditure components: (1) personal consumptive expenditures,
(2) govermment purchases of goods and services, (3) gross private invest-
ment, and (4) net export of goods and services.

Gross regional product, 1965,
Upper Colorado Region
(Unit--million dollars)

Green River Subregion 350.6
Upper Main Stem Subregion 469.0
San Juan-Colorado Subregion 322.7
Region 1,142.3

The value of imports for each subregion is as follows: Green River
Subregion $494.9 million, Upper Main Stem Subregion $382.8 million, and
the San Juan-Colorado Subregion $444.1 million.
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PART IV

RESOURCE AVAILABILITY

Water

In order to ascertain the amount of water remaining over and above
present (1965) uses, reconstruction of present modified flows was accom-
plished 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 pro-
cedure is one of adding to the historic annual flows at the outflow -
points of each subregion past annual depletions, the result being vir-
gin or undepleted annual outflows. Then, assuming that all present uses
were in effect throughout the 1914-65 period, the present (1965) normal-
ized use 1n the subregion was deducted from the virgin flow, the result
being the present (1965) modified flow. In each subregion the studies
reflect the use of waters produced locally within the subregion. In other
words, the flows of the Green River and the Colorado River at their con-
fluence are not considered a local inflow to the San Juan-Colorado Subre-
gion, The data from the three subregions can thus be summed up to ascer-
tain the respective results at Lee Ferry, the outlet of the total region.
In the study no attempt has been made to account for changes or differ-
ences in natural losses, sometimes referred to as "salvage." A consider-
able amount of such salvage water, however, is accounted for in the com-
putation of reservoir losses in the Main Stem reservoirs.

" Water supply available in 1965,
Upper Colorado Region
(Unit--1,000 acre-feet)

Green Upper San Juan- Upper
River Main Stem Colorado Colorado
Subregion Subregion Subregion Region
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 (191L-65)
(excluding main-stem
evaporation) 4 k67 5,409 2,188 12,064
Main-stem reservoir evapora-
tion normalized (1965) 67 -- 576 643
Residual flow 4,400 5,409 1,612 11,421
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PART VI " FRAMEWORK PLAN AND ATLTERNATIVES

Table 8 - Projected watershed mansgement programs
Framework plan
* Upper Colorado Region

Practice Unit 1966-1960 1981-2000 - 2001-2020

Federal Land

Erosion, sediment, and
runoff control
Iand treatment
Brush and weed control Acres 929,014 1,265,800 393,017

Watershed tillage Acres 116,300 174,200 79,720
Seeding Acres 360,768 501,600 247,900
Stabilization Acres 12,657 12,657 2,367
Gully control Miles 1,966 1,976 ko2
Sheet ercsion control Acres 150,300 151,300 31,000
Water control :

Detention dams No. 18k 307 214
Check and drop

structures No. 14,629 24,091 12,773
Diversion dams No. 100 230 277
Dikes No. 83 156 228
Streambank-lakeshore

stabilization Miles 533 5Lt 109
Debris basinos No. 18 17 3

Water yield improvement

Type conversion Acres 376,710 379,410 75,442

Private Landl/

Frosion, sediment, and
runoff control
Iand trestment

Watershed tillage Acres 79,228 . 103,440 50,245
Tree and shrub

planting Acres 1,066 965 713
Stabilization Acres 78,935 61,122 40,366

Water control

Detention dems No. 561 56k 298
Check and drop : '

structures No. 7,611 5,189 2,881
Diversion dams No. 1,134 1,448 8oL
Water spreading Acres 139,710 149,198 ob, TTT
Grade stabilization :

structures No. 311 622 311
Floodway Feet 10, 650 21,400 10,650
Debris and sediment

basins No. 815 1,630 815

1/ Includes Indian land.
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PART VI FRAMEWORK PLAN AND ALTERNATIVES

Tndugtrial sctivity

Thermal-electric Power Development

By 2020 additional plants will be installed with a capacity of 40,820
megawatts, bringing the total installed capacity to 42,081 megawatts of
thermal-electric power. Several small plants will be retired during the
development period, Table 9 shows the location and size of these power
installations and retirements from the system.

Minerals

Increased development of mineral fuels, primarily petroleum and ura-
niuvm together with bulk metal snd nommetal production of phosphate, potash,
molybdenun, and trona is foreseen. Coal production will be adeguate Lo
meet needs for thermsl-power generation. O0il shale and other synthetic
fuel developments are not included in the framework plan.

Projected value distribution among sectors of the minerals industry
(Unit-~thousands of 1958 dollars)

Subregion and minerals 1980 2000 2020
Green River
0il and gas 172,000 155,700 48,000
Coal and gilsonite 8k ,000 358,500 342,200
Uranium and nonfuels 2L, 200 269,700 499,200
Subregion total 500,200 783,900 889,400
Upper Main Stem
Coal 20,000 39,000 37,000
0il and gas 4,000 ' 3,600 1,100
Uranium : 426,900 392,000 392,000
Zine 20,800 20,800 20,800
A1l other - 93,600 119,600 136,600
Subregion total 565,300 575,000 587,500
San Juan-Colorado
Coal 65,000 127,000 122,000
0il and gas 124,800 124,500 85,200
Urarnium 240,400 2kl 300 298,600
A1l other 37,000 29,800 31,700
Subregion total L67,200 525,600 537, 500
Region total 1,532,700 1,884,500 2,014,400




PART VI FRAMEWORK PLAN AND ALTERNATIVES

Municipal and Industrial Water

Future municipal and industrial water supply reguirements will be
met by developing additional surface and ground water sources. In a few
isolated cases, needs will be met by conversions of irrigation use to mu-~
nicipal and industrial uses. The amount of water these conversions rep-
resent is small, however., Use of surface sources will be by far the most
common means and account for the largest segment of meeting the future
needs., This is borne out by the fact that suthorized projects are under-
way or will be constructed in all major aress of expanding needs, Where
populations are lightly concentrated, multipurpose projects have been
planned and, in many cases, are authorized with adequate gllocations for
municipal and industrial requirements developed from projections. It is
estimated that 70 to 80 percent of the future water supply in each time
frame would be met by non-Federal development. Because of the rursl
character of the region, many smell community systems will be developed
by non-Federal funds.

Self-supplied systems delivering ground wabter will continue to make
up a small portion of the future industrial supplieg. The program includes
installation of water development, conveyance, and treatment facilities,

Recreation - fish and wildlife
Recregtion

Recresgtion land and water facilities will be made available for res-
ident and nonresident use, totaling an increase of about 170 million
recreation-days by 2020. About 435,000 acres of additional land will be
developed for recrestlon needs. Undeveloped lands will be manasged for op-
timum recreation use as well ag other compatible uses. Increased use of
mltiple-uge land for recreation is degirable. In addition, many large
areas would provide more recrestional opportunities if better access were
provided.

It is important that land use studies be completed to determine the
best uses of all lands in the reglon., As a part of this type analysis,
optimum carrying cspacitieg of recreation lands would be established and
the aress administered accordingly to prevent deterioration of the re-
source base and to insure quality experience to the recreationists. Since
moat of the demand for recreation opportunities is generated by nonresi-
dents of the region and the quality of the region’s recreation resources
is still relatively high, special care would be taken to insure well-
planned development of facilities and measures would be initiated to pre-
vent overdevelopment, overuse, or misuse,

Special efforts will be made to increase opporfunities for recrea-.

tional use of water in gtreams and reservoirs. This will reguire road
congtruction, right-of-way scquisition, and revised lesgislation.
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PART VI FRAMEWORK PLAN AND ALI'ERNATIVES

Table ¥ - Staging of themwal-elsetriec power generating plents,
framevork plan, Uppey Colorado Heglon

Capacity Location
{megawntis} by, state
Plants in sexvice in 1965 .
Durange 5 Calorado
Animas : £l Heyw Maxico
Four Corners 1, 2, and 3 £33 Bew Mexioo
Qliver . 3 Cokeredo
Cameo 7 Colorado
Builock h L] Golorade
Huels 3 . Colorado
Pock Spriogs &5 Wyoming
Rexgnton 8o, 1 ) 163 Wyoming
Cavbon - e Utah
Hayden Ro. 1 36 Colorads
Total in gservice - 1995 1,335
Antnel and proposed addltions te 198@/
Fanghton Mo, 2 s Hyoming
fgugnton Ho. 3 33 Wyoing
Four forners No. b 795 Hew Mexico
Pour Corpers No. 5 795 Hew Mexico
Sen Juan Fo. 1 oand Ho. 2 = Hew Mexico
Havaio Nos. 1, 2, and 3 2,30 Ardzons.
Kaiparowits 2,400 Ubah
Four Corners Mo, & : 800 Hew Mexioo
Jim Bridger Fow. 1, 2, and 3 1,500 Wyomdng
Emery County Yo, 1 I3 Utah
Emery County ¥e. 2 - L) Uah
Hayden Ho. 2 500 Colorads
Craig 1,000 Colaradn
Total sdditions 12,5% .
Actual and probable plant retirement to 1980
$ook Springs {actusl) . 25 Wyomlng
Dliver 3 Lolorado
Parango Colorado
Total retiremenis 33
et plants in service - 1980 13,382
Proposed additions 198120003
Blacksfork He. 1 1,800 Hyomlng
Four Corners Ho. 7 snd Be. § 1,500 Hew Mexico
Ban Jusn ¥o, 3 3G Hew Mexioo
Esiparouwite 2,400 Tiah
EL Paso 1500 Hew Mexleo
© Jim Bridger ¥e, h S0 | Wyoming
Hayden Ho. 3 1,000 Colorado
Miiner 1,000 Coloradn
Horthwest Colorado {not necsssarily one plant) 13,70 Coloradn
Upper Green No, 1 2,000 Wyomlng
Upper Green ¥o. 2 2,000 Wyoadng
Sweetwater 2,000 Wyoming

West Ceniral Cplorado 1;% Colorado
Total proposed additions 24,7
Prababla Tetiremants 1981-2000
Bulloak 1 Colorade
Avimas Hew Mexico
Total retirements E}i
Fet plants in service - 2000 3681
{¥o additions or deletions of installed ca:pse&ty_zoo.l-zogo)
Stesmplant copeslby 1o service
Depletions
1965 1580 2000 2020 {acre-feet)
Shate Rt tts) { L8} {megnwatts) {mepawatis) year 2000
Colarado 29k 1,786 16,976 16,975 254,600
Hew Mewico £64 3,71k 7,123 7,183 106,800
Hyoming 188 2,213 9,913 9,913 18,700
Utah 189 3,359 5,759 5,759 »
Arizona 33 2.%2 2,%@ 2,310 34,100
Total 1,335 13, 42,081 B2, 081 630,600

17 The comstroction time sequence of the puwerplants should not be gonstreed as reflecting
agreemsnt by the pover compardes or the states ag to priority of construction. Also, in addi-
tion to those Llisted as retired, other cepacity will reach normal retirvement age {30-35 years)
doring the study period. PRetirement will depeid on the then existing condition snd the need for
pesking and reserve capacity.
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PART VI - FRAMEWORK PLAN AND ALTERNATIVES

Service facilities, especially lodging and restauvrants, are needed
to support the increased tourism and recreation activities, Development
oriented to year-round rather than seasonal-type use would justify the
construction of such service facilities. :

Fish and Wildlife

Plans and programs for sport fishing facilities, including fishing
impoundments, access development, fish hatcheries, and habitat improve-
ment and management, are planned to meet a fishing demand which will more
than double. Sport hunting facilities and programs, including land ac-
guisition and/or development, accegs roads, and habitat management and
improvement, are planned for a hunting demand which will almost double.
Table 10 lists these practices.

Export of water

Existing facilities for exporting water from the basin to meet in-
dustrial, municipel, and irrigation needs will be enlarged and new facil-
ities constructed gs required. In Colorado existing facilities and en-
largements of collection systems will provide most of the capacity for
export. Projects, some of which are listed below, are under construction
or are planned for construction in the near fubture. The San Juan-Chams
- Project export facilities in Colorado and New Mexico are under construc-
tion for export of 110,000 acre~feet to the Rio (Grande Basin in New Mexico.
Utab is in the process of constructing fecilities to export 166,000 addi-
tional acre-feet of water from the Ulnta Basgin to the Great Basin through
the Bonneville Unit of the Centrsl Utah Project, This figure includes
29,500 acre-feet of reserveir evaporation asgsociated with the transmoun-
tain diversion, Other planned developments under study could increase
the Utah total to W67,000 acre-feet. Wyoming has constructed a part of
the Cheyemne~Laramie transmountain diversion, which will have an ultimate
capacity of 31,000 acre-feet, and plans include additional diversion of
154,000 sere-feet to the Worth Platte River starting in 1980.

Water quality, polliution control, and health factors

Water depletions will nearly double during the study period and ad-
ditional salt pickup will oceur.

A Colorado River Basin salinity program is proposed which would main-
tain the salinity concentration at Leeg Ferry at sbout present levels.
The programs (not fully evaluated until research and demonstration proj-
ects underway or proposed have been completed) include plugging wells and
springs, desalting the flow of springs, controlling diffused zources, and
minimizing the pickup of salts by various irrigation system improvements.

Acid mine drainage from active and sbandoned hard-rock mines would be
reduced, About 75 percent of these mines are located in the Upper Main Sten
Subregion and the remaining 25 percent are located in the San Juan-Colorado
Subregion.
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PART VI FRAMEWORK PLAN AND ALTERNATIVES

Table 10 - Projected sport fishing and sport hunbting facilities and programs
PFramework plan
Upper Coloradc Region

1965~ 1071~ 2001~
Type 1980 2000 2020 Total

Sport Fishing
Construction of Pishing
impoundments (acres)l/ 8,923 2,200 3,290 1h, k13

Acguisition of reservoir
water rights (acre-~feet) 9,192 3,00G - 12,192

Reservolir fishing
ileases {units) 3 6 5 1k

Access development
Streamside or lake-

side {miles) 53 70 70 . 193
Roads {miles) 305 ee] hoo 1,105
Public-use Pacilities

{units) 654 1,300 1,%00 3,354

Fish hatcheries (units) 5 1 3 g
Habitat improvement
Stream {miles) 1,317 1,750 1,750 h,B817
Impoundment. or .
lzke {mcres) 2,412 3,200 3,200 §,812

Fish introduction?/
{number of species) 2 - . 2

Sgort Hunting
1and acguisition mnd/or

development for
Big game (acres) 37,520 50,000 50,000 137,520
Waterfowl (seres)3/ h7,81h 4,100 5,000 56,914

Access development
Roads (miles) 200 270 270 THO

Habitat improvement
Range plant management

{acres) 295,159 400,000 Lo, 000 1,095,159
Waterhole development

{units) 573 750 750 2,073
Fencing {miles) 711 1,000 1,000 2,711

Speciles management
Wildlife stockin

{nunber of species) 10 - - 10

1/ Acreage includes land and water regquirements.

§/ long-renge projections uncertalin because of research nature of the
PrOZTAM.

i/ TWeeds beyond 1980 may change on the basis of overall flyway require-
ments.
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PART VI FPRAMEWORK PLAN AND ALTERNATIVES

Waste~water treatment facllities will be built to accompany all new
facilities and the backlog of presently needed facilities will be overcome.
A minimum of cowventlonal secondary or equivalent treatment will be re~
quired for all domestic, municipal, and industrial waste waters. Disin-
fection of effluents will be required as necessary. Removal of nutrients
from waste waters will probably be needed in some areas by 1980. Toxi-
carnts and other chemical pollutants will be removed as nesded to comply
with water quality standards., Ground water resources will be protected
from contamination by domestic, municipal, and industrial wastes.

Watershed protection is planned for forest, rangeland, irrigated,
and dryland to overcome pollution from land runoff., Thermal discharges
would be controlled at the source. The relationship of minimum stream~
flow to water quality redquirements would be gtudied., EBrnvironmental
health programs are planned which will emphasize increased protection and
surveillance of domestic water supplies and initiate better control and
menitoring of air pollution, solid waste disposal, radiological poliution
and disease vectors.

Costs

Summaries of program costs for water development only and for total
program costs for water development plus associated development are pre-
sented (Tebles 11 and 12). Installation costs correspond to those strue-
tures or programsg that will be needed t0 meet the regionally interpreted
ORERS requirements after the base year 1965, Operation, maintenance, and
replacement costs ares directly tied to the structures or programs to be
installed and generally reflect the annual funds required at the end of
the stated period., Cost estimaies are in constant dollars indexed to
1965 levels.

Installation costs are estimated by the two general components des-
ignated as specific and joint facilities. Specific facilities are those
readily identified with one major function with costs data drawn from the
programs developed in the several appendices and costs for the facilities
to convey water to the point of use by these programs, Joint facilities
are those serving Two or more functions such as reservoirs, main convey-
ances, structures, and collection systems. Joint costs are prorated to
the applicable major function based upon proportionate use of the facility.

Included in the program costs for water development only are all
Joint costs and specific costs for municipal and industrial waber supply,
irrigation {except for on-farm systems) and drainage; hydropower genera~
tion, hydropower transmissicn, and conveyance gystems to deliver cooling
water to thermal~electric plants; flood control; water-based recreation;
fishery improvements and waterfowl habitat development; water quality ex-
cept salinity control; land manggement for erosgion, sediment, and runoff
control on all lands and water-yield improvements on Federal lands; and
other water resource development, including sxpors.
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PART VI FRAMEWORK PLAN AND ALTERNATIVES

Teble 11 « Summery oF progrem costs for vater developmernd tmly
Fromevork pisn

Yppay Colorado Beglon
{Unit-- 31,000, indexed to 1965}
1906 ~ 1SHD 158 - 2000 P07 - PR : i
; S =L W 1T ) M
Ingtals R Instals e Ingbaie P s -
Erlor Fuaction Jation {Tnorem. 3 iabion Treren, { Sumul. lakion Toeyem. | Cumel. Specific Joint Total

1. MBI weter pupply B, 300 950 42,580°§ 1,630 | 2,58 3,500 | 2,370 | k950 76,780 §2.600] 129,300
2. Irrigasion 3msten | o2,090 260,290 | 2,680 5,590 153,93C 1,220 &,710 530, B0 263,250 19,950
3. Hlestrie poer 15,00 | 4,780 e, 050 | 8,70 {1k450 5 G| a5 208,360 b9,0000 27,160
5. Fleod control 21,100 180 29,990 &0 LOG .40 8 o 27,430 33,400 60,539
5. Becramtion ifg 080 | 1,800 00630 | 2,80 1 ke 302,210 | 3,790 | 8,000 W1, 720 213.hC0] 685,230
& Fish =i wALiTe 2,080 | 2,350 27,0 T | 3,010 s.mn0 | 1,880 | B3R G, 45D 73,0007 137,60
T. Water guAlity 19,500 270 12,80 820 | 1,750 15,500 | 1,080 | 2830 47,600 o Lr.50n
&, Eand menagement 7,870 2,250 53,580 ko *,700 23,590 [{-1,080} | 1,660 ART, OhC a 127,050

2, Other vater resoures
development 295,70 | 3,58 #8300 {1,520 | 3,100 8,5 700 § 3,800 564 HOD ith,Bep! 679,200
Toval program 1,390,300 {17,580 {107,350 | 20,200 {37430 658, 7 9,40 47,270 §72.098,9% 425,200} 2,523,430

Federai l 936 FH0 ! 5,080 ﬁ 69G, 800 I 2,57 E 7,290 H 358,190[ 2,670 I?JSO i
Hon Bederat j 253,060 lia,san ]i a5 [ 17,50 30,350 H kel BECN B 859, %0
Tevie 12 - ToLel progrem cosbs for Tramework Dlon
pper Golorads Reglon
(Unit--$1,000, indeyes to 1965}
1900~ 190 1531 - RK: 200), - POP0
Enotai- 8% Inatai- o Instals- R ,al\la.t;cm
¥por Poneiion lasion Inoram. 0 letion Inserom. | Owmal. lation Tarresm. § Cused. Speeific disnt Totat

1. MBI waber mupply k&, 300 550 51,580 1.650] 2,580 83,500 2,37] 950 76,780 52,600 129,380
2, Irrigation oh 3RO 580 22,080 Bpeol BBk 163,470 2,360 11,200 SRS, B0y | 252,200 856,090
3. Hectric powsy 2,280,100 | 200,650 5,328,000 | 45,800 Gi6,450 O H{-k1,500) 60k, 8500 7,543,100 65,000 | 7,812,100
b Flaod enmtrol 21,100 280 29,99 220 4o 9,460 80 LE 27,430 33,100 £0,530
5. Recrastion 85,850 9,566 897,020 15,9(0 25,820 {f 1,660,820 | 21,8100 B76a0f 2,988,200 213,500 | 3,161,550
6. Fish and 4A281ife . P Bl 2,650 37,090 1,120 3,712 2,600 1,680 s5.bW 3,950 13,000 163,220
T Wster guality 12,400 70 12,80 gen 1,790 15,580 Lo 2,830 47,600 § - 0 57,600
8. lent mansgemert 102,900 | 12,050 138,200 ,7E0 ] 13,510 %3,350 {w720)% 13,080 20k L8y ] 20k 450

F. Other wabsr resourie
developumsst 298, T 1,550 283,750 1,520] 3,100 98,800 el 3,8m séh, 400 | 1%, Boo &79, 800
Tohal prosram 3,891,050 | 233,bo0 [ 7,0%,880 | 4,or0] 706,560 [ 2,086,860 ({-1n,280) Aok ool 12,373,040 | g 100 (¥3,00h 250

Federal

Hoc- Pedsral | 2yrez.s00 | 3,070 [ 5,005,000 [ wss,00] erm,a80 || 118,53 | Coomaan] sue, 60

1,12&1;51;01 19,520 1,097,;?50} 13,1;{;91 33,080 H 837,939i m,a:m! 57,92«3] '
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PART VI ‘ ' FRAMEWORK PLAN AND ALTERNATIVES

The installation costs of salinity control festures for the combined
Upper and Lower Colorado River Basins are estimated to be $241 million.
The estimated anmisl operation and maintenance cost after completion of
consbruction is $7,590,000. Salinity control costs are not included in
the cost tables,

The program costs for associgted development include specific costs
for on-farm irrigation systems; thermal-electric plants and the transmis-
sion lines therefrom; nonwabter-based recreation; and fish and wildlife
for improving hunting, other than waterfowl hunting, by mansging and im-
proving the habitats, acquiring end improving access to hunting lands,
and species management.

Adeguacy of Framework Plan

Land and water supply is generslly not a limiting factor in the
framework plan in meeting the regionally interpreted CBERS lavel of de-
velopment, ‘ ' ‘ : :

Agricultural sector

The framework plan will meebt regionally interpreted OBERS production
goals from irrigated lands by develeoping new land and water and increas-
ing production on the present lands. Although 100,000 gecres of dry crop-
land are shifted to other uses, the remainder, using proper masnagement,
is adeguate to mest requirements. Although 7.1 million acres of grazing
land will be retired or shifted to other uses, forsge production will be
adequate to support the livestock industry and wildlife reguirements.
Timber production reguirements will be med only if the sccelerated pro-
grams are put into effect.

Watershed mansgement and flood control

Watershed mansgement treatment programs will reduce the man-created
erogion and sediment producticn and associated damege by 4O to 60 percent.
The remaining damages are largely geologic in nature and not economically
susceptible to treatment. Some natural problems may be susceptible to
treatment. Upstream flood and sediment damege will be reduced 30 to 50
percent., Multipurpose reservoirs built on the stream system will trep
sediment and reduce sediment contribution to many downstream areas., The
plan is in sgreement with existing protection and development progrems.

The framework plan would reduce average annual flood damages in the
amounts shown in the fabulation on the following page. Flood damage
would be reduced to a reasonable level by the structural and norsitruc-
tural measures of the plan. However, a large portion of the estimated
future flood damage is loecated in the sparsely populated upgtream nonur-
ban aress where it is not feasible to provide all necessary measures 1o
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eliminste future flood damages., HNonstructursl flood plain mansgenment
would be implemented in urban areas and other areas subject to develop-
ment to reduce flood damege by regulating the use of flood-prone lands.

Estimated average anrual flood
damage reduction in $1,000

Subregion 1980 2000 2020
Green River 302 1,053 2,115
Upper Main Stem 185 1,431 2,725
San Juan-Colorado 153 871 1,904

Total 9ko 3,355 6,7kl

Industrial activity

Proposed thermsl-electric generation will meet all inbasgin and a
share of adjacent regions reguirementg. Mineral production, including
the large amounts of coal for thermsl-elechbric plants, can meet all the
projected reguirements. Planned development of municipal and industrial
water supply can méet future needs.

Recregtion - £ish and wildlife

Generally, an adequate number of scres of land and water will be
available to meet projected recregtion needs. However, problems relat-
ing to use of these resocurces should be solved if demand is to be met.
This will include providing sdequabe access, suitable funding to build
recregtion facilities, and sufficient supporting services--egpecially
food and lodging.

Most of the region can expect to nmeet projectad fish and wildlife
needs through 2020. However, Arizons and New Mexico will have shortages
of figh and wildlife., A possibility for water for fisheries in Arizons
and New Mexico would be the recommitment of developed water now dedicated
to other uses or purchase existing water rights. Wyoming also will have
a significant shortage of geme animgls, If wildlife congervation is
given adequate recognition as a prominent objective of development and
management in the key habitat aress, wildlife habitat will remsin avail-
gble and its cepacity msy possibly be improved. There is adeguate po~
tential for both preservation of wildlife and increased livestock use by
balanced management methods.

Export of water
The plan includes provision to export water to adjacent regions.

Al]l water subject to distribution between regions is in accordance with
existing approved compacts or legsal agreements.
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Water quality

Plans for controlling water qualiity are generally adequate in apply~
ing corrective measures That are physically possible and feasible.

Water supply situation
After development of the framework plan, as described, spproximately

8.3 million acre-feet of outflow would pass Lee Ferry in the year 2020
(Figure following page 78.)

Economic Impact of Framework Plan

Beonomic sctivity for agriculture and other projected sectors of the
economy were analyzed by an ilnput-output model to indicate the level of
economic growth by subregions and time frame, Table 13 shows the figures
for population, employment, personal income, and gross regional product,

Population

This population projection is based on economic subregions and does
not include the 6k,300 population independently projected for 2020 for
the hydrology porbion of Arizoms in the Upper Colorado Region. Popula~
tion density would increase from 2.8 per sguare mile in 1980 to 5.8 in
202C for the economic subregions.

Enployment

Coefficients were used in connection with projected total gross
outputs to project the employment figures shown. Employment is pro-
jected to increase 126 percent for the region from 1965 to 2020.

Personal income

Personal income projections reflecting economic activity were ob~-
tained by multiplying the projected per capita income by the populsiion
projections (OBE). The major components of personal income are wage and
salary payments, proprietor’s income, property income, and incoms pay-
ments under Social Security, pensions, and gimilar funds.

Gross regionsl product
Gross regional product (GRP) is the sum of the four major expendi-
ture components in the regional economy. These are (1) personal con-

sumption expenditures, (2) government purchases of goods and services,
(3) gross private investment, and (4) net export of goods and services.
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Table 13 -~ Population, employment, personal income, and

gross regional product for the framework plan,

Upper Colorado Region

Subregion Personal  Gross regional
and year Population Employment income product
- ($1,000) (81,000)

Green River

1965 100,579 32,900 213,104

1980 116,989 42,233 W68, TT5 735,887

2000 145,876 55,287 1,070,730 1,595,067

2020 173,42k 65,381 2,206,127 3,107,250
Upper Main Stenm

1965 136,725 L8, 770 333,522

1980 168,618 62,726 589, 320 870,365

. 2000 185,305 73,566 1,139,070 1,630,428

2020 213,289 85,7h2 2,326,770 3,257,425
San Juan-Colorado

1965 99,625 29,720 183,372

1980 150,337 50,363 518,813 813,377

2000 202,915 72,035 1,262,131 1,751,784

2020 273, Lh6k 100,088 3,039,005 4,105,192
Region

1965 336,929 111,390 729,998 1,142,000

1980 435,944 155,322 1,576,908 2,419,629

2000 534,096 200,888 3,471,931 4,977,279

2020 660,177 251,211 7,571,902 10,469,867
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Envirommental Considerations of Framework Plan

Economic development to meet the projected needs with minimum adverse
effects on the natural enviromment of the region has been the basic goal
in formulating the framework plan. Many programs and functions have been
outlined that would protect and contribute to the overall quality of liv-
ing in the region in addition to providing the basic economic opportuni-
ties. These programs have been described in preceding sections.

Practically all programs and developments would increase the consump-
tive use of water and impact on the land in varying degrees. Development
of water resources 1in many instances requires storage in reservoirs for
efficient utilization. Construction of these reservoirs, in turn, causes
some disruption on stream regimen and effects fish and wildlife habitat
and natural features of the enviromment. However, with proper planning
considerations many values are created that compensate for the changes.
Streams are often regulated for flood control, sediment is removed, water
quality fluctuations are diminished, and the streans are converted to con-
ditions that support a higher type of figh 1life. Reservoirs themselves
provide abundant fishing and other water-based recreation in this area
where natural bodies of water are few in number and widely spaced, De-
tailed requirements to control pollution at construction sites are in-
cluded in most contracts.

Based on the experience of the past 50 years, the proposed programs
will irreversibly commit important segments of the region's archeological
resource to total destruction or to such serious impairment as to destroy
its usefulness to scientific investigation. This resource is the only
source of information of the history of the Americ¢an Indian prior to the
accounts of the European Explorers. The loss of this heritage poses a
serious dilemma to modern man. A properly planned and adequately funded
regionwide program of investigations and salvage of the archeological
resource will tend to mitigate this adverse effect.

Fliminating the abuse and placing all grazing on a sustained yield
basis will alleviate most of the adverse effects connected with grazing
and provide for required forage production.

Addition to the present irrigated land base of the projected 587,600
acres would cause loss of big-game habitat and conversion of the wildlife
population to a farm game-type, Additional contribution of dissolved
materials, pesticides, and nutrients in streams will occur unless proper
control measures are developed and applied. Watershed management and
flood control may have effects on fish and wildlife habitat and esthet-
ics but will contribute materially to control of sediment, improvement
of vegetative cover, reduce flood damage, improve base flows, provide
open spaces on flood plaing and protect fraill lands,
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If mineral development is managed properly, it can be accomplished
with a minimum of detrimental effect. Strip-mining regulations must pro-
vide for reshaping and revegetation; land subsidence must be controlled
by leaving sufficient support or refilling underground excavations or
introduction of water to replace liquid petroleum. It is imperative that
proper management regulates disposal of tailings and polluted drainage
from all mining operations.

The tremendous increase projected in development of thermal-electric
power would use a substantial amount of water but would occupy only a
relatively small land ares for plant and associated mining activities.
Problems that need careful gttention to minimize adverse impacts on the
environment include disposal of waste heat, stack emissions, and location
and construction of large transmission lines. Emission of sulfur prod-
ucts from fossil-~fueled plants can become a major problem in this area of
relatively clean air even congidering the low sulfur content of most of
the region's coal.

Accelerated timber management practices are needed to enhance the
long-range quality of humarn enviromment which includes both appreciation
of natural beauty and the need for basic materials for food and shelter.
Special measures are taken to accelerate the growth of new forests needed
to meet the rapidly increasing demand for wood for homes, offices, ware-
houses, plastics, paper and literally hundreds of items now considered
essential everyday items. Tinmber harvesting in the region is designed
to remove the overmature trees which are a hazard to recreationists and
also to make more space available for younger trees to mature.

The resultant cutting patterns, if carefully designed, can add to
the natural beauty of an area by creating new "open space" for new re-
creation opportunities, creating improved wildlife habitat, and increas-
ing water yield.

The region now provides unexcelled opportunity for recreation to en-
hance the quality of living for nonresidents as well as the comparatively
sparse resident population. However, if projected needs are met in the
future, a tremendous increase in pressure is anticipated and careful con-
sideration must be given to managing the natural envirorment to avoid un-
warranted deterioration. Proper design and management of resort areas,
campgrounds, and other facilitles would alleviate concentrations.

The projected increase in population leaves the region with a very
low average density and few urban concentrations. Construction is pro-
jected to alleviate the present backlog of sewage treatment facilities
and upgrade treatment for future time periods. Plans have also been made
for control of air pollution, solid waste disposal, radiological hazards,
and disease vectors.
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States' Alternative to the Framework Plan

Elements of plan

For comparative purposes the states proposed, as one alternative, a
plan utilizing the same depletion amount (6,55 million acre-feet per annum)
as the framework plan. Under this alternative the state distribution of
consumptive use equals the Upper Colorado River Compact percentage allot-
ments with adjustments in types of uses expressed by the respective states
(Table 1k).

In-the framework plan, there is the need to service a large electric
power market from potential fuel-burning electriec powerplants in the
Upper Colorado Region. ZEach of the States of Colorado, New Mexico, Utah,
and Wyoming has programmed a part of its coal and water resources for the
production of such energy. Previously the states had agreed to maintain
proportionate levels of water development very close to their respective
percentage allotments in the Upper Colorado River Compact. Without up~ -
setting a multitude of water uses set forth in the framework plan, the
approximate state percentages could be maintained only by an arbitrary
assigrmment to each state of portions of the needed thermal-electric power
installations as necessary to bring each state's total water uses to
amounts approximating the compact percentages. Although this assignment
depicted a reasonable satisfaction on a reglonwide basis of the require-
ments for a framework plan, there were certain features objectionable to
Colorado and Utah.

Changes made from the basic data, contained in the framework plan,
are given in the following narrative and in Tables 14, 15, and 16.

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

Colorado varied its water depletions for full and supplemental ir-
rigated land by 88,000 acre-feet less in 1980; 145,000 acre-feet more
in 2000; and 31,500 acre-feet more in 2020. Irrigated land acreage
varied by 18,000 less acres in 1980; 80,000 more acres in 20003 and 6,500
acres more in 2020. An 0il shale industry of 1 million barrels-per-day
capacity, with a support population of 78,000 depleting 97,000 acre-feet
anmually, was added. A coal-byproducts plant, using 15,000 acre-feet,
and a potash plant, cepacity 1.5 million tons annually, using 9,500 acre-
feet annually, are projected. Exports are increased by 2,400 acre-feet
and fish and wildlife by 600 acre-feet annually. It appears that Colo-
rado would deplete its 51.75-percent allotment by the year 2000, Thermal-
electric power installed capacity is lessened by 9,690 megawatts from the
framework plan, depleting 146,400 acre-feet less annually. In addition,
22,100 acre-feet of irrigation water would be transferred between 2001
and 2020 to meet municipal and industrial requirements.
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Table 14 - Water use for the States' alternative
to the framework plan (6.5 MAF
leval of development) 1980, 2000, gnd 2020
Upper Colorado Region

On-site depletions (scre-feet per year)
New Green Upper San Juan~
Type of use Arizons Golorado Mexico Utah Wyoming Region River Malo Stem Coloredo
- - 1980 ~ -
Mumicipal and industrial 2,900 22,100 7,200 10,100 44300 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 7,500 30,500
Recreation 100 700 100 1,000 200 2,100 800 700 600
Stockpond evaporation and
1llvestock use 1,400 25,000 - 2,900 7,300 41,400 15,300 13,700 12,400
N Subtotal 40,100 116,800 118,800 176,300 80,300 532,300 165,900 53,800 312,500
Irrigation: consumptive
uge, incidental and
reservolixr 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
Lesa import {-)2,600 (=)2,600 {=)2,600
Subtotal of all shove 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
evapozdtion 660,000 67,000 17,000 576,000
Total for 1380 . 4,779,300 1.425.300 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 i
Stockpoud evaporation and
livestock use 1,700 30,500 3,300 9,000 5,800 50,300 18,200 17,100 15,000
Subtotal 42,400 355,800 131,200 321,700 201,500 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 1,184,500 852,400
Export 885,400 117,500 267,060 150,000 1,419,500 417,000 882,900 120,000
Leas import {-)2,600 (-)2,600 (-)2,600
Subtotal of all above 50,000 3,019,400 659,700 1,266,700 758,500 5,734,300 2,115,200 2,210,000 1,409,100
Main-stem reservoir
evaporation 660,000 67,000 17,000 576,000
Total for 2000 6,394,300 { 2,182,200 2,227,000 1,985,100
~ - 2020 ~ -
Municipal end industrial 7,200 70,000 29,100 32,100 9,200 147,600 42,600 47,400 57,600
Blectric 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
Pish and wildlife 1,200 39,400 6,800 22,200 18,800 68,400 49,500 8,400 30,500
Recreation 400 1,600 200 2,600 400 5,200 2,200 1,300 1,700
Stockpond eveporation and
1ivestock 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 1,754,500 411,000 695,200 427,10 3,296,800 1,253,300 1,166,500 877,000
Export - B85,400 117,500 267,000 185,000 1,454,900 452,000 882,900 120,000
Leas 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
Maig-stem reservolx
evaporation 660,000 67,000 17,000 576,000
Total for 2020 6,545,400 | 2,328,300 2,232,500 1,984,600
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Table 15 - Projected installed capacity and water depletions
for thermal-electric power generation for the states'
alternative to the framework plan
(6.5 MAF level of development)

Upper Colorado Region

Installed capaciti,and consumptive use

1980 2000 2020
1,000 1,000 1,000
Subregion Mega- acre- Mega~- acre-  Mega- acre-
and state watts feet watts feet watts feet
Green River «
Colorado 663 9.1 4,663 69.1 4,663 69.1
Utah 959 1h.h 75,559 113.3 7,559 113.3
Wyoming 2,213 33.2 9,913 148.7 9,913 148.7
Subregion total 3,835 56.7 22,135 331.1 22,135 331.1
Upper Main Stem
Colorado 123 1.6 1,123 16.6 1,123 16.6
Subregion total 123 1.6 1,123 16.6 1,123 16.6
San Juan-Colorado
Arizona 2,310 34,1 2,310 34,1 2,310 30.1
Colorado 0 0 1,500 22.5 1,500 22.5
New Mexico 5,623 90.0 5,623 90.0 5,623 55.6
Utah 7,400 111.0 9,900 148.5 9,900 148.5
Subregion total 15,333 235.1 19,333 295.1 19,333  256.7
Arizona 2,310 34,1 2,310 34,1 2,310 30.1
Colorado 786 10.7 7,286 108.2 7,286 108.2
New Mexico 5,623 90.0 5,623 90.0 5,623 55.6
Utah 8,359° 125.4 17,459 261.8 17,459 261.8
Wyoming 2,213 33.2 9,913 148.7 9,913 148.7
Region total 19,291 293.4  kh2,591 642.8  L2,591 60k . b
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Table 16 - Irrigated land use and on-site water depletions
for the states' alternative to the framework plan
(6.5 MAF level of development),
Upper Colorado Region

Water
Irrigated land depletions
(1,000 acres) ‘ (1,000
State Total Supplementall/ acre-feet)

1980
Arizona 10.0 0 7.0
Colorado 985.4 60.5 1,391.1
New Mexico 104,2 5.5 2L5.0
Utah 350.8 33.0 576.6
Wyoming 341.5 59.0 334.0
Total 1,791.9 158.0 2,553.7

2000
Arizona 9.4 1.0 7.6
Colorado 1,167, 170.2 1,778.2
New Mexico 17k4.2 5.5 411.0
Utah 371.1 111.6 660.6
Wyoming 379.5 85.0 407.0
Total 2,101.6 373.3 3,204 .4

2020
Arizona 9.4 2.0 9.0
Colorado 1,158. 170.2 1,754.5
New Mexico 174.2 5.5 411.0
Utah 383.6 119.2 695.2
Wyoming 392.5 95.0 Yo7.1
Total 2,118.1 391.9 3,296.8

1/ Supplemental acreage included in total.
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New Mexico, in order to stay within its 11.25-percent apportionment
of the 6.55 million acre-foot level of development, changed its uses in-
volving a net decrease of 9,500 acre-feet anmielly. A large reduction,
51,200 acre~-feet, resulted from an arbitrary programed reduction in in-
stalled generating capacity. However, mineral production would materi-
ally increase, and an additional munieipal and industrial use of 11,800
acre-feet would be required to serve a population increase of 64,500,

Utah desired that a much greater portion of its potential thermal-
electric power production be included and projected an additional 11,700
megawatts to be installed. This required a support population of 26,000
people. Utah alsoc added an oil shale industry with a capacity of 500,000
barrels-per-day with a support population of 39,000 people. In order to
stay within its 23-percent allotment, Uteh revised dowmward its irrigation
acreage (-10,500 acres) and likewise revised downward (-200,000 acre-feet
annually) its export to the Bonneville Basin,

Wyoming also suggested no changes in its type of uses but revised
its irrigation depletions downward 900 acre-feet per annum to stay ex-
actly within its lb-percent allotment.

Economic impact

The regionel input-output model was used to measure the economic im-
pact of the states' alternative plan. Figures are tabulated below for
the resulting population, employment, personal income, and gross regional
product.

Population, employment, personal income, and gross regional product
for the states' alternative at 6.5 MAF level of development

Gross
Subregion Popula- Employ- Personal regional
and year tion ment income product
($1,000) ($1,000)

Green River

1980 115,217 41,593 461,675 721,730

2000 143,377 5k, 340 1,052,387 1,558,498

2020 205,371 77,425 2,612,524 3,494,116
Upper Main Stem

1980 167,861 62, 4Lk 586,674 867,018

2000 2ko,332 95,412 1,477,321 2,389,201

2020 257,968 103,703 2,814,173 3,993, 4Lk
San Juan~Colorado

1980 163, 4h7 54,755 56L4,056 . 917,030

2000 212,233 75,343 1,320,089 1,848,662

2020 282,831 103,516 3,143,100 L, 224,931
Region

1980 Lu6 525 158,792 1,612,405 2,505,778

2000 582,9u2 225,095 3,849,797 5,796,361

2020 746,170 284,644 8,569, 797 11,712,491
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States' Alternative at the 8.16 Million Acre-foot
Level of Development

Elements of plan

This is an alternate plan of development which reflects 8.16 million
acre~feet of man-made depletions in. the Upper Basin. It includes the
amounts of water evaporated from main stem reservoirs. This plan assumes
the Colorado River weter supply would be firmed to meet the division of
water by the Colorado River Compact. Depletion distribution among the
states in 2020 equals their percentage shares under the Upper Colorado
River Compact.

. Development of some resources would not be limited by present water
availgbility, States have assumed that & market for the increased pro-
duction associated with this level of development would readily be ab-
sorbed within national and increasing western markets. This is especially
true since the added increment is a small part of the national market
and would accordingly have a small impact.

Table 17 enumerates water depletions by states, subregions, types
of use, and by time frames 1980, 2000, and 2020, and Table 18 details
the installed capacity and water depletions for thermal-electric gener-
ation.

Arizona retained its allotment of 50,000 acre-feet for 2020 with no
changes in types of uses previously described for the framework plan.

Colorado plans to irrigate 1,256,300 acres in 2020, which is 104,400
acres more than the framework plan, with a depletion of 1,941,500 acre-
feet. O0il shale complexes, starting in the 1981-2000 time frame and
totaling 2 million barrels-per-day capacity by 2020 are anticipated as
divided equally between the Green River and Upper Main Stem Subregions.

A coal byproducts plant, using 15,000 acre-feet in the San Juan-Colorado,
and a potash plant, capacity of 1.5 million tons annually, using 9,500
acre-feet, are projected. Fish and wildlife uses would total 71,400 acre-
feet, a substantial increase over the framework plan. Thermal-electric
power capacity of approximately 10,000 megawatts would deplete 153,200
acre-feet anmially. Export would increase to 1.36 million acre-feet an~
mally. This plan would meet regionally interpreted OBERS requirements
for all sectors except power, which would be met by Utah.

New Mexico plans no change in agriculture, fish and wildlife, or
recreation from the framework plan. Population by 2020 is estimated at
189,500 and the minerals industry is projected to increase as a result
of available reserves and nationsl need. Thermal-electric powerplant
installed capacity would be 5,623 megawatts. Export to the Rio Grande
Basin via the San Juan-Chams Project would be increased 125,000 acre-
feet over the framework plan for a total export of 243,000 acre-feet,
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Table 17 - Water use for the States'
alternative at the 8.16 MAF level
of development, 1980, 2000, and 2020
Upper Colorado Region
On-oite depletions [ecre.feet per year)

New Graen Upper San Juan-
Type of use Aritona Colorado Mexico Usah Wyoming Regioo River Main Stem Colorado
1980 :
Mimicipal and industrial 2,900 22,100 7,200 10,100 5,500 Is7,800 13,400 16,200 18,200
Electrie pover (thermal) 34,100 10,700 90,000 125,400 22,000 282,200 k5,500 1,600 235,100
Minerals koo 19,500 19,800 10,300 23,900 73,900 36,h00 13,700 23,800
Fich and wildlife 1,200 38,6800 6,800 22,200 20,100 89,100 50,700 7,900 30,500
Recreation 100 00 100 1,000 200 2,100 800 700 600
Stock-pond evaporation and
1iventock use 1,.h00 25,000 2,900 71,300 4,800 b1,k00 15,300 13,700 12,h00.
Subtotal o, 100 116,800 126,800 176,300 76,500 536,500 162,100 53,800 320,600
Irrigation: consumptive
use, incidental use, and
reservolr evaporation 7,000 1,391,100 2h5,000 576,600 k31,500 2,651,200 1,032,900 1,007,800 610,500
Faport 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 mbove 47,100 2,171,300 489,300 940,300 573,000 4,221,000 1,450,000 1,722,500 1,048, 500
Main-atem reservoir
evaporation 660,000 67,000 17,000 576,000
Total for 1980 4,881,000 1,517,000 1,739,500 1,624,500
2000
Manicipal and industrial %, 800 50, 000 13,600 20,200 7,300 95,900 29,500 31,900 3k, 500
Eleetric pover (thermal) 34,100 153,200 90,000 291,800 37,000 606,100 234 00 61,600 310,100
Minsrals 300 128,300 38,800 10,700 k7,100 225,200 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
Recrestion 300 1,100 100 1,600 200 3,300 1,%0 900 1,000
Stock-pond evaporation and
livestock use 1,700 30, 500 3,300 9,000 5,000 50,300 18,200 17,100 15,000
Subtotal L2 koo hop, 500 152,600 355,500 117,500 1,070,500 433,500 187,600 Lkg, 000
Irigation: consumptive ’
use, incidental use, and
reservolr evaparation 7,600 1,792,500 411,000 660,600 53k, 500 3,406,200 1,325,000 1,198,800 88R,400
Export 925,400 243,000 437,000 125,000 1,730,400 602,000 882,900 245,500
Less import (~)2,600 (-)2,600 (-)2,600
Subtotal of all ahove 50,000 3,120,400 806,600 1,k50,500  TTT,000 6,208,500 2,360,900 2,269,300 1,574,300
Main-atem reservoir
evaporation 660,000 67,000 17,000 576,000
Total for 2000 §,86k,500 2,k27,500 2,286,300 2,150,300
2020
Municipal and industrial 7,200 84,100 29,100 k2,500 1h,500 177,800 64,300 5h,ho0 59,100
Flectric pover (thermal) 30,100 153,200 90,000 291,800 148,700 713,800 346,100 61,600 306,200
Minerals 300 207,500 54,000 165,600 136,700 564,100 378,600 113,300 72,200
Pish and wildlife 1,200 71,500 6,800 22,200 20,100 121,700 50,800 4o, ko0 30,500
Recreation boo 1,600 200 2,600 400 5,200 2,200 1,300 1,700
s‘ii’i&?&"ﬁfﬁ?’“‘” = _1,800 35,800 1,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtotal 43,000 553,600 184,100 535,400 327,500 1,641,600 863,200 291,600 186,800
Trrigation: consumptive
use, incidental use, and
reservoir evaporation 9,000 1,941,500 %11,000 733,700 562, 500 3,657,700 1,470,100 1,262,600 925,000
Fxport 1,360,300 243,000 bk7,000 153,000 2,203,300 640,000 1,305,800 257,500
Less import (-)2,600 {-Je,600 (2,600
Subtotal of all ebove 50,000 3,855,400 838,100 1,713,500 1,043,000 T,500,000 2,973,300 2,860,000 1,666,700
y‘f'v::::ﬁffmu £60,000 67,000 17,000 576,000
Total for 2020 8,160,000 3,040,300 2,871,000 2,242,700
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Table 18 - Projected installed capacity and water depletions for
thermal-electric power generation for states' alternative at the
8.16 MAF level of development, Upper Colorado Region

Installed capacity and consumptive use

1980 2000 2020
1,000 1,000 1,000
Subregion Mega- acre~ Mega- acre- Mega~ acre=-
and state watts feet watts feetl watts feet
Green River
Colorado 663 9.1 4,663 69.1 4,663 69.1
Utah 959 14k 8,559  128.3 8,559 128.3
Wyoming 1,463 22.0 2,463 37.0 9,013  148.7
Subregion total 3,085 45.5 15,685 2344 23,135 346.1
Upper Main Stem
Colorado 123 1.6 4,123 61.6 4,123 61.6
Subregion total 123 1.6 4,123 61.6 4,123 61.6
San Juan-Colorado
Arizona 2,310 34,1 2,310 34,1 2,310 30.1
Colorado 0 0 1,500 22.5 1,500 22.5
New Mexico 5,623 90.0 5,623 90.0 5,623 90.0
Utah 7,400 111.0 10,900 163.5 10,900 163.5
Subregion total 15,333 235.1 20,333 310.1 20,333  306.1
Arizona 2,310 34.1 2,310 3.1 2,310 30.1
Colorado 786 10.7 10,286 153.2 10,286  153.2
New Mexico 5,603 90.0 5,623 90.0 5,623 90.0
Utah 8,359 125.4 19,459 291. 19,459  291.8
Wyoming ) 1,463 22.0 2,463 37.0 9,913  148.7
Region total 18,541 282.2 40,141 606.1 k7,501  713.8
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Utah would increase its use by irrigated crops 10,700 acre-feet over
the framework plan and irrigate about 401,200 acres by 2020. There are
no changes in fish and wildlife, recreation, or stock~pond evaporation
and livestock use. Export to the Great Basin by 2020 would increase to
447,000 acre-feet, which is 20,000 acre-feet less than the framework
plan. Major changes are increased thermal-electric power to 19,500
megawatts installed capacity and increased mineral activity, including
mining coal for powerplants, a million barrel-per-day shale oil output,
processing oil-impregnated sandstone, and conversion of coal.

Wyoming's development includes a substantial increase in the mineral
industry, including a million barrel-per-day shale oil production, de~
pleting 97,000 acre-feet of water, and conversion of coal. Trona plant
capacity would continue to increase. Population would increase to 148,000
by the year 2020. The agricultural basge of irrigated land would increase
to 513,300 acres by the year 2020.

Thermal-electric power instglled capacity is estimated at almost
10,000 megawatts. Transbasin diversions to the North Platte are estimated
at 153,000 acre-feet, which is a 32,000-acre-foot reduction from the frame-
work plan.

Economic impact

Economic impacts were estimated by use of the regional input-output
model. Data are tabulated below for  the resulting population, em-

ployment, personal income, and gross regional product.

Population, employment, personal income, and gross regional product
for the states' alternative at 8.16 MAF level of development

Gross
Subregion Popula- Employ- Personal regional
and year tion ment income product
($1,000) ($1,000)

Green River

19 115,028 h1,525 460,917 718,728

2000 139,201 52,757 1,021,735 1,500,853

2020 355,518 134,030 4,522,544 5,595,200
Upper Main Stem

1980 167,861 62,4k 586,674 867,018

2000 243,487 96,664 1,496,715 2,439,790

2020 260,691 104,800 2,843,878 4,059,576
San Juan-Colorado

1980 163,978 54,933 565,888 922,091

2000 214,383 76,106 1,333,462 1,872,249

2020 284,600 104,164 3,162,760 4,251,146
Region

1980 Lu6,867 158,902 1,613,479 2,507,837

2000 597,071 225,527 3,851,912 5,812,892

2020 900,809 342,594 10,529,182 13,905,922
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States' Alternative-~Water Supply Available at Site
(9.44 MAF depletions)

Development which would be possible if the states of the Upper Colo-
rado Region utilize water which would be physically available at site of
project development is described briefly below. There has been no agree-
ment 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 augnmentation to meet Colorado River Compact
requirements for delivery at Lee Ferry. If the Colorado River is aug-
mented below Lake Powell, exchange arrangements would have to be made.
Proper consideration of possible detriment to power revenues and of aug-
mentation costs will be required.

Additional uses of 1.28 million acre-feet above the 8.16 million
acre-foot level are described briefly by state, and summaries for total
uses are shown in Table 19,

Colorado has identified additional uses by 2020, which would in-
crease export to the eastern slope of the Rocky Mountains 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, pri=-
marily for electric power, irrigation, and export to the Rio Grande
Basin.

Additional developments in Utah would all occur in the period
2001-20, 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 a 100,000 addition would be ex-
ported to the Great Basin Region.

Project 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«foot level of development. Increases in depletions occur
primarily in mineral production and export.

1968 OBERS

Barly study of the 1968 OBERS projections, as published for agri-
culture, revealed incongistencies that were incompatible with the history
of agricultural production in the Upper Colorado Region. The primary de-
parture from established practice was the projected source of livestock
feed required to meet the livestock production assigned to the region by
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K Table 19 - Water use for the States'
alternative for water avallable at eite,
Upper Colorado Region

On-pite depletiops (acre-feet per year)
Tew Creen Tpper San Juan-
Type of usge Arizona Colorado Mexico Ueah omi Reglon River Maia Stem Colorado
- - w - -
Municipal and industrial 2,%00 22,100 7,200 10,100 10,500 52,800 18,200 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 23,000 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
I1rrigetion: consumptive
use, incidentel and
teservoir evaporarion 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 1,086,400 305,000 660,900 120,560
Less LupoTt (32,600 (-22,600 (32,600
Subtoral) of all above 47,100 2,171,300 503,800 ' 940,300 653,000 4,315,500 1,530,000 1,722,500 1,063,000
Main-stem reservolr
evaporation 660,000 67,000 17,000 576,000
Total for 1980 4,975,500 | 1,597,000 1,739,500 1,639,000
- - w - -
Municipal and imdustrial 4,800 50,000 13,600 20,200 19,300 107,500 41,500 31,900 34,500
Electric power (thermal) 34,100 153,200 131,000 291,800 37,000 641,100 234,400 61,600 351,100
Minerals 300 128,300 17,400 10,700 140,100 296,800 192,600 67,700 36,500
Fish and wildiife 1,200 39,400 6,800 22,200 20,100 83,700 50,800 8,400 36,500
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: consumptive
use, lucidental end
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 il above 50,000 3,120,400 906,200 1,450,500 1,057,000 6,58 ,100 2,640,900 2,269,300 1,673,900
Hain-ztem tegervolr
evaporation 660,000 67,000 17,000 576,000
Total for 2000 7,244,100 | 2,707,900 2,286,300 2,249,900
- - 2020 - -
fhni:!.p-l and industrial 7,200 84,100 29,100 42,500 38,900 201,800 88,200 54,400 59,100
Electric power {thermal) 30,100 153,200 131,000 291,800 148,700 754,800 346,100 61,600 347,100
Minerels 00 207,500 32,500 187,900 307,700 735,900 571,900 113,300 50,700
Pish 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 )
11vestock use 1,800 35,800 4,000 10,700 6,700 59,000 21,200 20,600 17,200
Subtoral 41,000 553,600 203,600 557,700 522,500 1,878,400 1,080,500 291,600 506,300
Irrigation: consumptive
use, incidentsl and
reservoir evaporation 3,000 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 2,816,400 1,090,000 1,418,900 307,500
Less import (=)2,600 (-)2,600 {22,600
Subtotal of all sbove 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 tesarvolr
evaporation 660,000 67,000 17,000 576,000
Total for 2020 9,440,700 | 3,788,400 3,113,100 2,539,200
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the national projections. The published projections of feed output were
not adequate to produce the livestock output without very large feed im-
ports from outside the region.

Table 20 shows the required imports of feeds and corresgponding sur-
plus of pasture and range.

If imports were assumed to be the source for supplying the necessary
feed, a net reduction of 70,700 acres of irrigated land would ensue from
1965 to 2020. This would, in turn, be incompatible with present detailed
plans contained in federally authorized projects and contemplated private
developments of 401,500 acres.

Because the projection of livestock production appeared to be more
realistic than the livestock feed requirements and because of other tech-~
nical considerations associated with the development of model coefficients,
no further gtudies were attempted for the agricultural sector.



PART VI

FRAMEWORK PLAN AND ALTERNATIVES

Table 20 - Feed crop imports and range forage surplus

1968 OBERS, Upper Colorado Region

Unit price Amount Value
(per ton) (tons) (dollars)
Imports
Feed grain, corn equivalent
1980 $4o 163,470 $6,538,800
2000 40 405,208 16,208,320
2020 4o 648,517 25,940,680
Hay
1980 25 492,806 12,320,150
2000 25 598,576 14,964,400
2020 25 572,266 14,306,650
Corn silage
1980 8 95,612 764,890
2000 8 107,975 863,800
2020 8 100,200 801,600
Total feed crop imports
1980 19,623,840
2000 32,036,520
2020 41,048,930

Surplus of Present Production

Amount
Unit price (AUM's)
Surplus pasture and range
1980 - NA 221,473
2000 NA 506, 368
2020 NA 745,790
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PART VII
COMPARISONS AND CONCLUSIONS
Five levels of development are defined and evaluated in this study,

Present (1965) level.

Regionally interpreted OBERS.

States' alternative - 6.55million acre-feet.

States' alternative - 8.16 million acre-feet.

States' alternative - water supply available at site - 9.44 million
acre-feet.

The framework plan, based upon the negionally interpreted OBERS pro-
Jjection, was developed first and was used as the basis and cornerstone
for other studies.. Three "states' alternatives" or choices were devel-
oped to reflect capability of the region to supply goods and services not
fully evaluated in the OBERS projections. The 1968 OBERS and the on-
going programs were also studied and will be discussed.

The effect of the various levels of development on water and related
land resources and economic and agricultural activity, as well as coneclu-
sions reached, are presented in this section.

Comparisons
Water supply

Average annual historical discharge at the principal measuring point
for the Colorado River, at Lee Ferry, Arizona, averaged 12,426,000 acre-
feet for the 52-year period, 1914 through 1965. Because of variations in
precipitation and other climatic influences, the extremes were 21,894,000
acre-feet in 1917 and 4,396,000 acre-feet in 1934. For the same period,
gverage annusl virgin or undepleted flow, as it would have been without
man's influences, would have averaged 14,870,000 acre-feet.

The future outflow at Lee Ferry will depend on which level of devel-
opment actually occurs, as well as augmentation. Augmentation practices
considered as possibllities include water-yield improvement and weather
modification which may increase the supply by about 1 to 2 million acre-
feet.

Augmentation will definitely be required by 2020 for the two highest
levels of depletion to meet Colorado River Compact apportionment to the
lower basin. Local shortages in the region may occur at any level of
developnment.
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On-site water depletions

Four projected levels of depletion for alternative resource develop-
ment are shown in Table 21. The present base of 1965 is used as a refer-
ence for projections. Data in Table 21 compares the on-site depletions
of the four projected levels of development for the year 1965 and for the
year 2020. Depletions are shown by type of use, states, and subregions.
Depletions are estimated to nearly double from the present 1965 level to
the level of the framework plan in 2020 and states' alternative at the 6.55
million acre-foot level. Irrigation depletions and export, which will ac-
count for about 75 percent of total depletions, will each increase about a
million acre-feet. Thermal-electric power uses will have the greatest per-
cent of increase--at the 8.16 MAF level of development about 3,000 percent.

Water for mineral uses will increase significantly with oil shale de-
velopment being included in the three "states' alternatives.” For compar-
ative purposes the alternative at 6.55MAF was defined by the states at the
same total depletion level in 2020 as the framework plan. Departure from
the framework plan due to states' adjustment in types of use is shown in
Table 22. Two additional states' alternatives for greater depletion
levels were then defined. Departure from the framework plan due to states'
adjustment in type of use for the 8.16 MAF level of depletion is shown in
Table 22.

Agricultural activity

Agriculture in this region is tied to irrigated cropland production.
Therefore, the increase in production on existing irrigated lands and the
development of new irrigated land relates to a large portion of the agri-
cultural activity. (See Table 23.) Projected irrigated acreage for the
alternative levels of development by time frame is as follows:

Irrigated acreage
(thousand acres)

Level of development 1965 1980 2000 2020
On-going program 1,622 1,732 1,878 2,024
1968 OBERS 1,622 1,499 1,529 1,551
Regionally interpreted OBERS 1,622 1,794 1,954 2,122
States' alternative (6.55 MAF) 1,622 1,792 2,102 2,118
States' alternative (8.16 MAF) 1,622 1,872 2,224 2,354

States' alternative (water available) 1,622 1,872 2,259 2,579

The on-going program is based on installation of authorized Federal
projects and development of new irrigated land by private interests.
About TO to 80 percent of the present lands having short water supply
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Table 21 - Summary of water resources development, Upper Colorasdo Region

States' alternatives

Water
Framework 6.5 Million 8.16 Million Available
plan Acre-feet Acre-feet At Site
1965 Year 2020 Year 2020 Year 2020 Year 2020
{Acre-feet)
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 55,000 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 (-)2,600 {-)2,600 {-~)2,600 (-)2,600
Subtotal of above 2,807,700 5,885,400 5,885,400 7,500,000 8,780,700
Main Stem Reservolr
evaporation 643,000 660,000 660, 000 6560, 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 1,361,900 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 2,040,300 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 1,915,190 1,984,600 2,242,700 2,539.200
Total 3,450,700 6,545,400 6,545,400 8,160,920 9,440,700
OUTFLOW 11,421,300 8,326,600 8,326,600 6,712,000 5,431,300
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Table 22 - Departure from the fremework plen due to
Btates' adjustmwent in types of uses

Upper Colorado Region
Type of use by Colorado New Mexico Utah Wyomlng Total
Sub-basin Units Acre-feet Units Acre~feet Units Acre-feet Unitg Acre-~feet Unitg Acre-feet
6.5 MAF level of development in year 2020
Electric power (thermal)
(Megavatts) -9,690 ~146,400 -1,500 ~51,200 +11, 700 +175,L400 - - +510 -22,200
0il ghale development
(Barrels per day) +1, 000, 000 +83,000 - - +500, 000 +41,500 - - +1, 500,000 +124,500
Potash development
(Tons per year) +1,500,000 +9,500 - - - - - - +1, 500,000 +9,500
Coal byproducts and
general minerals (Unidentified) +15,00C (Unidentified) +29,900 - - - - {Unidentiried) +11,900
Municipal and industrial
(Population) +78,000 +14, 000 +6l,500 +11,800 +65, 000 +11, 700 - - +207, 500 +37,500
Irrigated land (scres) +6,500 +31,500 - - «10,500 ~27,800 - -900 -4,000 +2,800
Exports (acre-feet) - +2,400 - - P - -200, 000 - - - -197,600
Fish and wildlife - +600 - - - - - - - +600
Total - +9,600 - -9,500 - +800 - -900 - 0
8.16 MAF level of develgpment in year 2020
Blectric power (thermal)
(Megawatts) -6,690 ~101,400 -1,500 -16,800 +13, 700 205,400 - - +5,510 +87,200
011 shale development
(Barrels per day) +2, 000,000 +166, 000 - - +1, 000, 000 +83,000  +1,000,000 +83,000  +4,000,000 +332,000
Potash development
{Tons per year) +1,500,000 +9,500 - - - - - - +1,500,000 +9,500
Cosl byproducte end
general minerals (Untdentified) 415,000 (Unidentified) +51,400 (Unidentified)  +71,200 (Unidentified) +18,200 (Unidentified)  +155,800
Municipal and industrial
{Population) +156,000 +28,100 +64,500 +11,800 +124, 000 +22,100 +110, 000 +19, T00 +454,500 +81,700
Irrigated land (acres) +104,400 +218,500 - - +7,100 +10, 700 +120,800 +134,500 +232,300 +363,700
Exports (acre-feet) - +477,300 - +125,500 - -20,000 - -32,000 - +550,800
Fish and wildlife - +32,600 - - - - - +1,300 - 433,500
Total - +845, 600 - +171,900 - +372,400 - +22k , T00 - +1, 614,600
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Table 23 - Comparisons of selected agricultural and industrial
activity at five alternative levels of development
Upper Colorado Region

States' alternatives

Frame- 6.5 8.16 Water
work million million available
1965 plan acre-feet acre-feet at site
Type of production Units base in 2020 in 2020 in 2020 in 2020
Agricultural Activity
Irrigated land 1,000 acres 1,622 2,122 2,118 2,354 2,579
Dry croplaend 1,000 acres 603 503 503 503 503
Range grazing production 1,000 AUM's 6,368 7,665 7,665 7,665 8,392
Timber production Mil. cu. Pt. 48 340 340 340 340
Industrial Activity
Flectric power
Thermal Megawatts 1,335 k2,081  Lk2,501  L7,501 50,391
Hydro Megawatts 1,300 1,300 1,300 1,300 1,300
Minerals
Shele oil Mil. bbl/day 0 0 1.5 b L
Coal byproducts Equivalent
mil. bbl./day 0 0 0.2 0.8 1.6
Potash Tons/day 0 0 4,100 4,100 4,100

Fish and Wildlife -~ Recreation

Fish end wildlife

Sport hunting 1,000 men-days 1,268 2,37h 2,634 2,955 3,072
Sport fishing 1,000 man-days 3,547 8,667 9,221 9,691 10,004
Recreation Mil. rec.-days 56 225 225 225 225

Watershed Management and Flood Control

Watershed management

Sediment yield reduction Ac.-Pt. fyr. 2,764 2,76k 2,764 2,764
Flood Control

Flood damage reduction 1,000 dollars 6,Thh 7,063 7,754

Fconomic Activity (Fconomic Boundaries)

Fopulation 1,000's 337 660 Thé 9oL
Employment 1,000's 111 251 285 343
Gross regional product Mil. dollars 1,142 10,470 11,712 13,906
Personal income Mil. dollars 730 7,572 8,570 10,529
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will receive supplemental water in connection with new land development,
except for the 1968 OBERS alternative. It is assumed in the 1968 OBERS
level that agricultural activity will increase only by importing feed and
feeder calves for projected feedlot operations.

Timber production under on-going programs will increase about 5 per-
cent in each time frame of the projected period. The 1968 OBERS timber
production shows an increase of four times the present production by 2020.
For the framework plan and the three states' alternatives, production will
increase about sevenfold over the present.

Livestock grazing production under on-going programs is estimated to
increase only 0.3 million AUM's by 2020. The 1968 OBERS projections
would reguire a reduction in going programs with a resultant waste of the .
resource. The framework plan shows an increase of 1.3 million AUM's. Op-
timum grazing production would provide an increase of over 2 million AUM's.
This production is available as an alternative for the framework plan and
the three states' alternatives. 1In Table 23 it is shown only under the
"water at site" level of development, because grazing is not affected by
the alternative water supplies analyzed under the other two states' alter-
natives.

Industrial activity

Two significant sectors of industrial activity in the region are
production of minerals and thermal-electric power. Thermal-electric
power capacity installed to supply local use and for export would increase
from the present 1,300 to 47,600 megawatts at the highest level of develop-
ment. Mineral activity planned for the states' alternative levels includes
four shale oil plants with a total capacity of 4 million barrels-per-day.
Coal conversion by hydrogenation is planned. This, together with coal
mined for thermal-power production, approximates 200 million tons annually.
Uranium production will increase significantly. Trona production in Wyo-
ming i1s projected to increase to four times the present level.

FPish and wildlife -~ recreation

Present sport hunting and fishing demand is projected to nearly
double by 2020 under both the on-going and the framework plan. Alterna-
tive plans are based upon projected population changes. Recreation de-
mand, 97 percent by nonresidents, will increase fourfold.

Watershed management

Watershed management is planned to reduce the average annual damages
by about 50 percent from man-created watershed problems and about 10 per-
cent relative to natural problems. This program also includes improving
water yield in terms of quantity, quality, and timing as a result of vege-
tal manipulation. The going program will accomplish about 40 percent of
the framework plan.
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No alternative levels of damage reduction are included for the
states' alternatives because programs such as oil shale development are
planned to include the necessary watershed protection measures as a part
of the development cost itself. The increased population under alterna-
tive levels and resultant impact on the watershed may increase the cost
of accomplishing the planned protection. Adequate data to estimate the
costs are not available.

Flood control

One basic plan has been prepared for flood control. However, flood
damage and damage reduction have been evaluated for two alternative
levels of development. A comparison of estimated average annual flood
damages (1965 prices and project conditions) under +the framework plan
and the alternative projections, exclusive of "water available at site,”
follows:

Estimated average annual flood damage
(thousands of dollars)

States' alternative

Framework 6.55ml1ion 8.16 million
plan acre-feet acre-feet
1965 in 2020 in 2020 in 2020
2,792 10,600 10,900 11,900

The flood damage reduction under these alternative levels of devel-
opment is shown in Table 23.

Feonomic activity

Comparisons of population, employment, gross regional product, and
personal income are shown in Table 23.

Costs

Cost data have previously been presented for water development and
associated development programs for the framework plan. Average annual
expenditures for water development during the 5-year period 1965-69
were also compiled from agency and state reports. Comparison of these
dats is shown on the following page.
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Watexr Associated
developmernt development
Non- Non-
Pedersal Pederal Federal Federal

{(“housands of dcllars)
1965-69 average annual
installation 54,88¢ 16,000
OM&R 16,000 1,250
Framework plan average
annual installation

1966~1980 62,420 16,930 12,820 167,240
1981-2000 34,950 18,740 15,410 283,730
2001-2020 19,410 13,530 22,490 47,400

Tncreased annual OM&R
(at end of period)

1966-1980 5,010 12,530 14,610 201,340
19812000 2,470 7,820 10,990 441,790
2001-2020 2,070 7,370 12,770 -34,490

The large expenditures for the associated Gevelopment program are
primarily designated for the acquisition and development of recreational
land and facilities and the installation and operation of thermal-electric
generating plants.

The 1965-69 figures represent the average in & period of declining
Federal expenditures. Compared to the $64.9 million average, 1966 esti-
mates showed $76.0 million and 1969, $47.6 million. Non-Federal expendi-
tures remained at about the same level during the 1965-69 period.

Conclusions

The framework plan as ocutlined i1s general in nature and presents one
way in which the region's water and related land resources can be devel-
oped and utilized to meet projected demands through the year 2020. Three
states' alternative plans were formulated to reflect the capacity of the
region to utilize resources and to supply gcods and services not required
under the framework plan.

While the plan and the alternstive levels of development were not
studied in sufficient depth to identify alternative means of meeting needs
and outline specific programs and projects, they satisfy the objectives of
delineating the adequacy of the region's resources. The plans also iden-
tify associated problems and considerations in relation to conserving the
resources and to providing for the overall well-being of people.

The framework plan generally meets all needs and demands of the re-
gionally interpreted OBERS projections. The three "states' alternative"
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plans also generally meet the regionally interpreted OBERS needs and de-
mands plus additional needs associated with higher levels of development.

Natural rescurces are available to meet all needs except for part of
the water-related recreation demand imposed by the projected heavy nonresi-
dent activities and shortages resulting from localized hunting and fishing
pressure. The programs of watershed management and flood control do not
provide Tull treatment and protection due to economic considerations. Al-
though ample resources have been identified to meet the other projected
needs, there are conflicting land and water uses which remain unresolved.
Additional studies are needed to identify and weigh alternative develop-
ments. Land use studies are needed to identify areas which should be pre-
served and to designate the prime use of areas where resource availability
overlaps. State water plans are under various stages of preparation along
with Federal and private water development investigations. Completion of
these and additional studies appear necessary to give a basis for select-
ing developments which will be in the best public interest.

Expenditures would have to be increased substantially, particularly
by the Federal Government, to accomplish the $2.9 billion water-related
programs under the framework plan. Very large expenditures would also be
required by non-Federal interests to provide for installation of the $7.6
billion electric power facilities and the acquisition of lands for the
$3.2 billion recreation program under the total framework plan.

Legal and Institutional

Legal and institutional arrangements now provide broad and complex
systems for the development and administration of the land and water re-
sources of the region. The arrangements provided by state and Federal
laws are largely complementary and have produced a high degree of coop-
eration. However, challenges and conflicts have arisen and still exist
within the Upper Colorado Region and in the relaticnships with adjacent
regions. The principal problems requiring solutions or adjustments are
centered in the field of reserved water rights, interpretations of the
compacts regulating the use of the water of the Colorado River system,
water pollution, land use, and environmental considerations. Further
legal remedies will be sought as water resources development approaches
the limit of available supplies.

Economic activity

Economic development restraints imposed by the relatively large dis-
tance to major population centers and markets, the small population base
and other factors are expected to continue to restrict development of
many of the region's resources. Although total gross output is expected
to increase from about $0.5 billion in 1965 to about $3 billion in 2020,
this merely maintains the relative position of the region in terms of
the growth rate projected for the Nation.
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Water supply

Sufficient water is physically available for on-site regional use
and export +to meet the needs projected Dby the regionally interpreted
OBERS (6.55 million acre-feet) and the three states' alternatives at 6.55,
8.16, and 9.44 million acre-feet. However, augmentation of the Colorado
River system water supply will be required to meet the higher development
levels and downstream commitments. The exact quantity of augmentation
cannot be determined because of varying interpretations of compacts and
treaties which affect the Colorado River Basin water supply.

Land resources

Land resources exist in sufficient quantity to meet requirements of
all projected levels of development. Potentially irrigable land over that
used in 1965 totals 7.06 million acres. Selection from these lands can be
made to meet irrigated land needs up to the 1 million additional acres pro-
jected under the largest alternative. Of the 60.4 million acres used for
grazing in 1965, 5.8 million acres should be retired as they are unsuitable
for continued grazing use. Placing of all remaining grazing lands on a
sustained yield basis will provide for increasing forage production from
6.4 to 8.39 million animal unit months. The small total requirements for
urban, industrial, transportation, utilities; developed recreation, fish
and wildlife; and developed minerals can be selected as needed but will
result in decreases in land available for grazing, timber production, and
dry cropland.

Need will continue to select and preserve lands for wilderness, primi-
tive, outstanding natural, historic, and cultural areas and scenic rivers.
Management is required, under the multiple-use concept, of about 41 million
acres for key habitat of wildlife. DNearly all lands are available for ex-
tensive use as undeveloped recreation and hunting areas.

Commercial timber exists on 9.4 million acres. Reduction in commer-
cial forests of about 225,000 acres will result from conversion of forest
lands to other uses. This will necessitate an intensified timber manage-
ment and timber harvest program to achieve the required production--about
seven times the present production.

Minerals

There is ample evidence to suggest that the resource base of the more
important minerals customarily produced during the past two decades in the
Upper Colorado Region is sufficient to meet all reasonable demands through
2020. The physical presence and production potential of such commodities
as molybdenum, coal, and trona clearly fit this assumption. 0il, gas, and
uranium are examples of minerals that appear to have a less favorable
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resource base. However, synthetic fuel potential from oil shale, rock
asphalt, and coal offers alternatives that can relieve demand pressure
on conventional fuels. The on-coming development of the uranium breeder
reactor, which would produce the fuel plutonium, would also replace con-
ventional fuels.

Watershei management

If no additional watershed land treatment or flood protection pro-
grams are initiated, average annual damages will increase from the pres-
ent $8.7 million to $25.6 million by 2020, assuming the framework plan
level of development. Management and protection programs include land
treatment on 24 million acres and installation of 78,000 water comtrol
structures. These will correct most of the existing problems that can be
treated. Increased protection is an integral part of the future produc-~
tion activity. Cost of the erosion, flood, and sediment prevention and
the water yield improvement programs in terms of average per-year expendi-
tures for installation and operation, maintenance, and replacement for
1966 to 2020 is $2h.4 million.

Erosion, the most significant problem affecting 30.5 million acres,
requires an immediate action program to treat 3.9 million acres in criti-
cal erosion condition.

Watershed treatment programs needed to correct the treatable exist-
ing problems will be the same for all alternatives, and will be accom
plished if funding is available. The "going program" based on 1964-69
level of development would accomplish about T8 percent of the proposed
programnm. The additional protection needed for states' alternatives will
be an integral part of the increased development cost.

Flood control

Without additional flocd damage reduction measures, annual flood
damage is estimated to increase from $2.8 million (1965 to approximately
$4.2 million by 1980, $6.8 million by 2000, and $10.6 million by 2020.
To reduce the hazards to health and human life and excessive economic
losses from floods, an appropriate degree of protection should be pro-
vided through structural and nonstructural measures, consistent with
other uses of water and land resources. The future flood damage reduc-
tion program consists of 0.2 million acre-feet of single-purpose flood
control storage and 2.1 million acre-feet of multipurpose storage capac-
ity; construction of 9 miles of levees and 11 miles of channel improve-
ment ; nonstructural measures including improved flood forecasting, dis-
semination of flood hazard information, flood plain zoning, and other
measures by local authorities; and land treatment on 7 million acres
under watershed management programs. The program would reduce potential
annual flood damages by $6.7 million in the year 2020.
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Recreation

Over 90 percent of the impact on recreation resources is estimated
to result from nonresidents of the region. The low resident population,
adjacent metropolitan areas, and high quality natural resources are the
major factors that combine to create this situation. There is an abun-
dance of undeveloped land available in public ownership to provide land-
related recreation opportunities for residents and nonresidents. However,
there are areas of outstanding quality not now in public ownership that
need to be purchased +to ensure their protection. Also, locally, there
are needs for these lands because of inadequate distribution of public
lands. To provide more people the opportunity to enjoy these areas,
there is need for more recreation facility development and for support-
ing services. This need is related to private developments and to the
presently inadequate funding and staffing of land administering agen-
cles. Regionally, there are no surface water needs projected until
2020; however, there are needs locally because most of the water surface
area is concentrated at a few locations. To make more existing and newly
developed water areas available to recreationists, there is considerable
need for more access. This may require legislation, special agreements,
or the construction of more roads, as the case may warrant.

Fish and wildlife

Sport hunting and fishing capacity can continue to satisfy demands
over future years with the exception of hunting and fishing in Arizona
and New Mexico and the big-game hunting in Wyoming. Continued effective
management will. be essential and on-going plans and programs of the state
and Federal fish and wildlife management agencies must be vigorously pur-
sued to sustain the habitat capacity.

Electric power

A total power generating capacity installation of 43,400 megawatts
is projected under the framework plan by the year 2000 to satisfy region
and export requirements. This total includes a very large increase in
thermal-electric generation facilities which will consume about 631,600
acre-feet of water annually for cooling purposes. No significant increase
of hydroelectric plant installation is planned beyond those presently au-
thorized or under construction. Pumped storage sites are available in the
region but will not be developed soon as equally good sites are available
at points closer to the large loads in adjacent regions. Generation by
nuclear-fired plants or other methods is considered unlikely due to com-
petition with lower cost coal fuel.

Water quality

The quality of surface and ground water supplies would generally de-
crease with the projected levels of use. However, the utility of water

105



PART VII COMPARISONS AND CONCIUSIONS

in the region will not be sericusly affected. Feasibility studies on

potential water quality improvement projects for the Colorado River Ba-
sin are needed.
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RECOMMENDATIONS

Introduction

Adoption of the framework plan and alternatives as a means for meet-
ing future needs is recommended for general use &s being indicative of
the magnitude and type of future development. While there are some dif-
ferences in the type of water uses for the alternatives, these have been
identified. Major differences, particularly in the higher water use al-
ternatives, reflect the extent to which the mineral resources will be
developed, the need for more agricultural production, and the need for
greater water exportation to adjacent regioms. Development of these lat-
ter alternatives requires augmentation of the Upper Colorado Basin water
supply. While more study will be needed prior to making some of these
long-range decisions, there are meny recommendations which are basic to
the needs of the region and have been outlined below.

General Recommendations

1. The asuthorized Federal water resource development programs should
be funded and constructed in order to help meet the production of required
goods and services as the initial steps in the implementation of the frame-
work program. Annual funding should be increased from the actual level of
$47.6 million in 1969 to approximately $73 million for the period to 1980.
Non~-Federal funding should be approximately doubled for the same period.

2. Planning options in resource development should be considered to
the fullest extent in order to protect and enhance the environment, par-
ticularly 1f opportunities are available outside the region to meet needs.

3. An effective water quality improvement program for the entire
Colorado River Basin should be implemented immediately with high priority.
This program should seek solutions to present water quality problems and
should include measures to alleviate the effects of additional development
to the extent practicable.

h. The high quality recreation, fish, wildlife, and open space values
of the Upper Colorado Region should be recognized as national assets that
should be preserved and given special recognition in land- and water-use
planning.

5. An extensive laend use and capscity analysis should be made to
insure the best use of all resources.
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1 RECOMMENDATIONS

5.  An expanded land management program should be pursued through the
existing land-administering agencies and private interests for purposes
of coordinating future land uses and instituting land treatment and pro-
tection measures.

T. Detailed land use studies of presently irrigated lands and addi-
tional land classification surveys of potentially irrigable lands should
be conducted to insure proper management and best use of the land and
water resource for future developments. ‘

8. TFuture needs of the mineral industry should be provided by: (1)
reasonable access to mineral-bearing lands for both exploration and devel-
opment purposes, (2) availability of dependable water supplies based upon
competitive principles, and (3) the emergence of a government-industry
"policy climate" that would encourage domestic minerals development, sup-
ported by meaningfuul research efforts, and with due consideration to long-
range social and environmental obligations of industry.

9. A flood damage reduction program should be adopted as a general
guide for solving the flood problems of the region. The proposed pcssible
soiutions to the serious flood problems should be studied in detail and
fellowed by timely implementation of appropriate damage reduction measures.

i0. Balance among economic sectors should be sought in the placned
eccaomic developmens of the region. For instance, development of recrea-
tional areas should be supported by related service-tyre needs of toe
incdustry.

11. A more comprehensive evaluation of the effect of regional water
development and management programs in terms of production and utilication
of tabor and capital is needed. The region contains underdeveloped areas
and areas of economic depression and in many cases an immobile work force.
Providing jobs and income to those areas should be an important objective
of the region and the nation.

12. Additional analyses of alternatives and assumptions should be
conducted--particularly as they pertain to efficiencies of water use,
alternative cropping patterns, alternative crop yields, level of water
availability, agricultural production possibilities of food and livestock
products for export (red meat), and alternative government agricultural
programs .

13. The economic impacts of private or public investment in regional
wineral resources development (oil, shale, coal, uranium, etc.) upon the
rate and level of regional economic growth as measured in terms of employ-
ment, personal income, output, and relative contribution to gross regional
product should be analyzed in depth.
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1h. Additional analyses on how water resource development programs
change employment participation rates, types of employment, income dis-
tribution patterns, educational levels, or other socio-economic factors
for low income, minority, and rural population sectors should be initiated.

15. Legal and institutional arrangements should be modified to pro-
mote greater flexibility for future uses of water and land.

Specific Recommendations

1. Encourage local governmental agencies to take advantage of the
opportunity for early implementation of nonstructural flood plain man-
agement measures because of the present sparse population and lack of
extensive developments in the flood plains. This would permit sound land
use planning in guiding development and use of the flood plains to mini-
mize future flood losses and eliminate the need for channelizstion or
other structural flood control measures. Studies should be made to deter-
mine the degree of participation of Federal, State, and local government
levels in the implementation and enforcement of land use constraints.

2, Provide for storage of floodwaters  In multiple-purpose reser-
volrs concurrent with needed watershed treatment measures. Install lev-
ees and channel improvement only at critical locations where other alter
natives fail to provide the needed protection.

3. Consider establishing State authority, similar to that in Colo-
radc, to allow State governments to furnish the local share of project
cost when the financial ability of local interests is exceeded in order
that needed flood protection projects can be installed.

k., Implement watershed management protection programs--including
land treatment on 24 million acres and installation of 78,000 water con-
trol structures in conjunction with management. Immediate attention
should be given to the 3.9 million acres in critical erosion condition.

5. Develop supplemental irrigation water for established irrigated
areas to stabilize existing developments.

6. Improve irrigation water management and conveyance facilities
and apply land treatment measures to increase jrrigation efficiencies.

7. Complete detailed land use and land classification studies to
identify lands considered submarginal for efficient irrigation.

8. Identify and eliminate from future irrigation development lands
that would increase the salt load significantly in the stream system.
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9. Continue development of improved plant and crop species, fer-
tilizers, and insect and disease control on dry and irrigated cropland
to meet the increased food and fiber production requirements.

10. FExpand the range, treatment, and management program to approach
the optimum of 8.4 million AUM's per annum of production for livestock
and wildlife grazing.

11. Accelerate the intensive forest management program to utilize
the harvestable timber resource through improved marketing and expanded
harvest management. These programs include timber stand improvement
practices, increased protection from insects, fire, and disease, and im-
proved forest product utilization.

12. 1Include provisions for investigation and salvage of the archeo-
logical resources in feasibility studies.

13. Study free~-flowing rivers, and others of high quality to deter-
mine their suitability for inclusion in a national or state system of
wild, scenic, or recreational rivers. Those found suitable for such des-
ignation should be given protection by enactment of appropriate legisla-
tion.

14. Determine more clearly the optimum carrying capacities and best
uses of existing and potential recreation land and water resources. When
this information is available, a system to regulate kinds and amounts of
recreation activities at each area should be implemented to avoid overuse
and insure quality recreation experiences.

15. Develop and apply an objective system for evaluating environ-
mental assets assgociated with water resource and other developments on
a par with economic considerations.

16. Protect outstanding natural, primitive, and historic and cul-
tural areas by expansion and establishment of wilderness areas, national
parks, national monuments, and national recreation areas.

17. Routing of utilities, land transportation facilities, and air-
craft should be based on additicnal factors other than solely economic
considerations or short-range benefits. Expanded consideration should
be given in selection of multiple-use corridors.

18. Provide public access to recreation, hunting, fishing, scenic
areas, and other multiple-use areas.

19. Design and operate reservoirs to provide maximum multiple-use
within the reserveoir basin and provide optimum downstream benefits.
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20. Adopt regulations by governmental agencies to protect and re-
store natural lakes by:

&. Prohibiting alteration of remaining natural lakes with
outstanding scenic and biclogic qualities.

b. Prohibiting further development of lakes on which res-
ervoirs were superimposed but which still retain outstanding
attributes.

c. Retiring storage reservoirs that have been constructed
over lakes whenever they are abandoned or there is opportunity
for transfer of the storage capacity to larger multiple-purpose
reservoirs, such retirement to be followed by rehabilitation to
productive levels at which they can function as fishing lakes.

2l. Provide for maintenance or improvement of the food and cover
plants required by wildlife occurring in the areas of brush control and
other range rehabilitation, especially for mule deer, antelope, and
sage grouse.

22. Control of phreatophytes should not be undertaken in moose range
or in other stream-bottom areas where significant fish and wildlife wvalues
are dependent upon the plant species to be removegd.

23. Incorporate in mining activities such measures as are necessary
to control the emission of pollutants into the streams and, in the case
of surface mining, provide measures to restore the topography and vegeta-
tion of excavated areas to original conditions, insofar as possible, upon
cespation of the mining activities.

2L4. Adopt appropriate mitigation measures in drainage practices in-
volving Federal participation where wetlands of value to fish and wild-
life are involved.

25. Develop environmental control programs at all levels of Govern-
ment to support present programs which protect the public from health
hazards from air, water, and vector-~borne diseases.

26. Clarify the Federal reservation doctrine relating to water
rights and quantity of Federal water claims at an early date.

27. Conduct research and studies on the production and transmission
of electrical energy, including control methods for particulate matter,
sulphur and nitrogen oxides, disposal of fly ash, utilization of low grade
waste heat available in cooling water, environmental impact of plant sites
and transmission line routings, and control of associated mining areas.
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28. Re-evaluate the needs and install necessary instrumentation to
monitor evaporation, water quality, flood forecasting, soil conditions,
and sir quality data.

29. TFollow the present Framework Study of the Region by detailed
studies through which the findings cf the Type I Study can be translated
into specific planning proposals.
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