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This is my report on the Colorado River Storage Project and
Participating Projects, Upper Colorado River Basin. It is based on the
accompanying report of the Regional Director, Bureau of Reclamation,
Salt Lake City, Utah, dated December 15, 1950, and is a Department-wide
report recommending authorization of the program of all agencies of the
Department.

The Departmental report on the inventory of potential develop­
ments in the Colorado River BaSin, House Document 419, Eightieth Congress,
pointed out that, in view of the fact that there is not enough water
available in the Colorado River a,stem to permit construction of all of
the potential projects and have full expansion of existing and authorized
projects, the States of the Colorado River Basin should determine their
respective rights to deplete the flow of the Colorado River consistent
with the Colorado River Compact. Following issuance of that document,
the states of the Upper Colorado River Basin negotiated and formalized a
compact called the Upper Colorado River Compact J which has subsequently
received the consent of the Congress. Completion of that compact has
permitted formulation of at least an initial stage of further development
of the Upper Colorado River Basin. The plan proposed and presented in
this report has been worked out in close cooperation with representatives
of the States of the Upper Colorado River Basin. It would provide flexi­
bility in the basin development and coordination of the interests of the
Nation and States of the Upper Colorado River Basin.

It is possible at this time to fore see rather clearly the needs
of the Upper Basin in terms of storage requirements for purposes of river
regulation, although facilities for utilization of the last drops of
water cannot be seen with any clarity. Consequently, the plan is pre­
sented for ultimate development in terms of storage, but only for partial
develo"'Jment in terms of water utilization. Selection of the plan for
ult:Lm2.~e E;torage is De,sed in general upon sec"Jring the needed reservoir
caphcity far all purposes, while attaining the m:!.nim'lill in evaporation
108ses, ~ffiter being prerequisite to the livelihood of the area. As indi­
cated in the recommendations hereafter made, the proposal is such as to per­
mit additions to the plan as other participating projects are investigated



and weighed in light of the over-all water supply. The ultimate storage
plan as proposed Will permit, in so far 86 that is practicable, full
utilization by the Upper Basin of the 7,500,000 acre-feet of water appor­
tioned to the Upper Basin under the Colorado River Compact. The storage
capacity contemplated is designed to assure that the flow of the river
at Lee Ferry will not be depleted below 75,000,000 acre-feet in any ten
consecutive years. Thus, the Upper Basin may now go forward safely with
utilization of its waters and the Lower B9.sin may be assured that its
rights under the compact are protected.

It is not contemplated that all of the ultimate storage plan
should be constructed or even authorized at this time. The units will
be constructed as required to meet the needs for consumptive use of water
and for generation of electrical energy. Authorization is requested for
only five of the storage reservoirs.

.
In addition to permitting the Upper Basin to move forward with

utilization of its waters, the Colorado River Storage Project and
Participating Projects Will provide electrical energy to a large area
where it is urgently needed. Flood protection, sediment retention, fish
and wildlife conservation, and recreational opportunities will also be
provided.

Basically, therefore, there are three fundamental elements in
the plan:

(1) Reservoir storage, to conserve and regulate stream flows,
and to generate power, which, in turn, produces revenues
which assist in repaying the costs of the entire plan;

(2) The Upper Colorado River Account, Which will permit
uniform power rates and will equate costs of the develop­
ment s with revenue s from all sour-ces; and

(3) Participating irrigation projects, which are made possible
by the storage reservoirs, and Which, through the Account,
will be aided in the return of their reimbursable costs.

Of the ten major dams and reservoirs which will ultimately be
required in the main storage plan, five are essential at the outset and
are recommended herein. Of the several score of possible irrigation
projects, twelve are recommended for authorization or reauthorization
at this time, and provision is made for one additional project which is
already authorized and under construction to be·included under the
Account. The Account, which is essential to the plan, is also recom­
mended, and will make the entire system financially feasible.

The Director of the National Park Service has advised that the
recreational planning and construction program and the archeological,
wildlife, and geological programs, incident to the construction of dams
and reservoirs in Dinosaur National Monument, are estimated to cost
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$18,354,000. These specific programs should be added to those proposed
by the Regional Director and the project cost estimate increased by the
above amount.

The Colorado River Storage Project and initial participating
projects are engineeringly feasible, economically justified, and finan­
cially feasible. Benefits from irrigation and other beneficial water­
consuming uses would be realized through construction of dependent
projects. The evaluated annual benefits from the storage project
($59,080,000) compare favorably with annual costs assigned to the project
($32 ,848,000) to produce a benefit-cost ratio of 1.8 to 1.0. The bene­
fits for each of the initial participating projects exceed the costs.•
Net revenues from the storage project will repay the total construction
cost of the storage project within 50 years after the installation of the
last generating unit, aid in the return of irrigation costs, make pay­
ments to the Upper Colorado River Development Fund hereinafter proposed,
and contribute substantial funds to the Treasury. Irrigation revenues
from each participating project will pay all of the operation, main­
tenance, and replacement costs of that project allocated to irrigation,
and, in addition, will repay a part of the capital cost of the partici­
pating project.

Power payments will be accomplished under contracts which will
return the power allocation together with interest at the rate of 3
percent on the unamortized balance. Under such contracts, electrical
energy will be furnished at the lowest prices consistent with sound
business principles in order to encourage wide-spread use of power
throughout the. area of service. Irrigation and municipal wate.r payments
will be aocomplished under contracts with appropriate political sub­
divisions, preferably districts of the water conservancy type.

In view of the eXisting national emergency, consideration
should be given by those familiar with that situation, to the sUitability
of the power features of the storage project as they relate to the
national defense. The Echo Park and Glen Canyon Dams are so situated in
the basin and the status of progress on plans for them is such that
either or both could assist in meeting power demands for defense purposes.

My recommendations follow. For all practical purposes they are
identical with the recommendations of the Regional Director, but I am
also recommending, pursuant to expressions subsequently received from the
States, establishment of an investigation fund to assure a continuing and
adequate program of investigations in the Upper Basin. This haS neces­
sitated minor changes in the Regional Director's recommendations (f) and
(h). For clarity and convenience, the entire set of recommendations, as
thus revised, is repeated.

It is recommended:

(a) That the plan of development of the water resources of the
Upper Colorado River Basin described in this report be approved;
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(b) That authority be sought for the Secretary of the Inter-ior,
acting pursuant to the Federal reclamation laws (Act of June 17, 1902,
32 Stat. 388, and acta amendatory thereof or supplementary thereto), to
construct, operate, and maintain (i) the following units of the Colorado
River Storage Project:

Echo Park
Flaming Gorge
Glen Canyon
Navajo
Whitewater

and (ii) the following initial participating projects subject to the
terms of paragraph (c) or (g), as appropriate, of these recommendations:

Central Utah (initial phase), Utah
Emery County, Utah
Florida, Colorado
Hammond, New Mexico
LaBarge, Wyoming
Lyman, Wyoming
Pine ~iver Extension, Colorado-New Mexico
Seedskadee, Wyoming
Silt, Colorado
Smith Fork, Colorado
Paonia, Colorado

All as described in the report of the Regional Director but with such
modification of, omissions from, or additions to the works as the
Commissioner of Reclamation, with the approval of the Secretary, may
find proper;

(c) That, as contemplated in its authorization legislation,
the Eden Project, Wyoming, which has previously been authorized and is
partially constructed, be included in the plan of development and that
the Account hereinafter recommended be charged with that portion of the
reimbursable construction cost of the Eden Project which is in excess of
the amount specified in the Act of June 28, 1949 (63 Stat. 277); and
that the Paonia P-.coject, Colorado, as described in the Reg~onal Director IS

report, which is also part ially constructed, be inc luded in the plan of
development and that the Account hereinafter recommended be charged with
that portion of the reimbursable costs of the Paonia Project which is in
excess of the amount which will be repaid within the period specified in
the Act of June 25, 1947 (61 Stat. 181).

(d) That, pursuant to the recommendation of the Commissioner
of Indian Affairs, and in order to consolidate the recommendations of the
Secretary for dependent projects in the Upper Colorado River BaSin, the
Shiprock Indian Project be authorized for construction, operation and
maintenance in accordance with laws applicable to the development of
irrigation projects on Indian reservations including the provisions of
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the Act of July 1, 1932 (47 Stat. 564, 25 U.S.C. 386 A), the benefits of
which Act should be extended also to the Indian lands to be served by
the Florida and the Pine River Extension projects, provided, however,
that the Shiprock project shall receive assistance from the Upper
Colorado River Account in the same manner and to the same degree as
other participating projects;

(e) That authority be sought for the Secretary, acting
pursuant to the laws applicable to the development of National parks,
monuments, or recreational areas to the extent to which those laws are
not inconsistent with operation of the Colorado River Storage Project
units for their primary purposes, to construct, operate, and maintain
the recreational facilities proposed in this report;

(f) That, because of interrelationship of the projects in the
Upper Colorado River Basin, authority be sought for the Secretary of the
Interior to establish an Upper Colorado River Account. The Account
should be credited with all power revenues derived from (i) units of the
Colorado River Storage Project, and (ii) participating projects located
within the natural confines of the Colorado River Basin above Lee Ferry,
and with all net power revenues derived from the Central Utah Project
(initial phase) subsequent to complete reimbursement of the reimbursable
costs of that project. The Account should be charged with all reimbur­
sable construction, operation, maintenance, end replacement costs of the
Colorado River Storage Project and participating projects located within
the natural confines of the Colorado River Basin above Lee Ferry that
are allocated to power purposes or assigned to be returned from power
revenues. The Account should be charged wit,h that portion of the irri­
gation allocation of each participating project's construction cost
which is required to be so charged in order to show full reimbursement
thereof within 50 years following a suitable development period for that
project. The Account should also be charged with payments to the Upper
Colorado River Development Fund which is recommended and described in
(j) below. Revenues and costs in connection with other undertakings
hereafter authorized to be constructed should be included in the Upper
Colorado River Account only upon specific authorization by act of
Congress;

(g) That the Secretary from time to time recommend to Congress
for authorization additional units of the Colorado River Storage Project
and additional participating projects and that all participating projects
be required to meet the follOWing qualifications:

(1) A project, unit, or phase thereof may be eligible
to participate only when and to the extent that
all sources of estimated revenue directly avail­
able to said project, unit, or phase are insuf­
ficient to return its reimbursable costs during
its payout period as hereafter specified in (4),.
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(2) It shall be a project for the use in one or
more of the States designated in Article III
of the Upper Colorado River Basin ,Compact of
water of the Upper Colorado River system, as
that system is defined in such compact, the
consumptive use of which is apportioned to
those States by that article.

(3) Its total benefits shall exceed its total costs,
including, but without limitation, any costs
attributable to its direct use of the facilities
of the Colorado River Storage Project or any
other project, and an appropriate share of t~e

costs of the Colorado River Storage Project.

(4) With anticipated revenues from irrigation, based
on the irrigator's ability to pay, it shall be
able to pay the operation, maintenance, and
replacement costs allocated to irrigation and to
pay in a period of 50 years following a suitable
development period at le,ast part of the construc­
tion cost allocated to irrigation.

(5) There shall be available to aid such participating
project, or group of participating projects, an
appropriate district, preferable of the water
conservancy type, which shall be satisfactory to
the Secretary of the Interior, one purpose of
which shall be to provide revenues for the project
over and above those paid by irrigators, to assist
in repayment of construction costs allocated to
irrigation.

(6) It shall not require assistance from the Upper
Colorado River Account in an amount, which, taking
into consideration the prior obligations of the
Account and the anticipated revenues from its
existing and authorized units, will leave the
Account in a deficit position at the end of the
pay-out period for the participating project
specified in (4) above or will require an increase
in the general level of Colorado River Storage
Project power rates.

(7) Charges to the Upper Colorado River Account for the
benefit of a project commingling water specified in
(2) with other water shall not exceed an appropriate
share of the construction cost of the works required
by that project to use water specified in (2).
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(8) Pertinent data sufficient to determine its probable
engineering and economic justification and feasi­
bility shall be available.

(h) That the investigations and programs proposed to be
undertaken by certain agencies of the Department of the Interior, as
summarized in paragraphs 33 through 39 of tr£ Regional Director's
report and presented in detail in the appended substantiating materials,
be authorized; and that appropriations therefor be no~eimbursable, and
that in the case of investigations conducted by the Bureau of Recla­
mation, except those financed under (j) below, the provisions of the
Act of April 19, 1945, should govern;

(i) That there be set up and maintained in the Treasury from
the receipts of the Colorado River storage Project a continuing fund of
$1,000,000 to the credit of and subject to expenditure by the Secretary
to defray emergency expenses and to insure continuous operation of the
project;

(j) That there be set up and maintained in the Treasury from
the receipts of the Colorado River Storage Project a special fund, to
be known as the Upper Colorado River Development Fund, to which shall
be transferred at the end of each fiscal year, beginning with the
initial year of commercial power production by the Colorado River
Storage Project and the participating projects, 7! percent of the net
power revenues fOr that year after such net revenues exceed 5 million
dollars armua11y, but not to exceed one million dollars in anyone
fiscal year, which should be available, upon appropriation (such appro­
priation to remain available until expended), for expenditure by the
Secretary, without prejudice to the use by him for the same purposes of
other appropriated moneys, for studies and investigations relating to
the development, conservation and utilization of the waters of the
Upper Colorado River Basin, all expenditures from said fund to be non­
reimbursable and nonreturnable under the Federal reclamation lawe;

(k) That, as of the close of each fiscal year, beginning
with Fiscal Year 1955, the Secretary of the Interior report to the
Congress on the status of the Upper Colorado River Basin Account and on
the revenues from and costs of constructing, operating, and maintaining
the Colorado River Storage Project and participating projects. The
Secretary's report shou].d be prepared in such manner as accurately to
reflect the Federal investment allocated to power, to irrigation, and
to other water supply purposes and the progress of return and repayment
thereon, and the estimated rate of progress, year by year, in accom­
plishing full repayment.

I recommend that you approve and adopt this report as your
,proposed report on the Colorado River Storage Project and Participating
Projects, Upper Colorado River Basin, and that you authorize me in your
behalf to transmit copie s to the Secretary of the Army and to the
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States signatory to the Colorado River Compact for their views and
recommendations in accordance with the provisions of Section 1 of the
Flood Control Act of 1944 (58 Stat. 887), to the heads of the agencies
of the States of Arizona, Wyoming, Utah, Colorado, and New Mexico
exercising administration over the wildlife resources of those states
for their report and recommendations in accordance with the provisions
of the Act of August 14, 1946 (60 Stat. 1080), and to other interested
Federal agencies for their views and comments.

Respectfully,

(Sgd) Michael W. Straus

Commissioner

Attachment

Approved: January 26, 1951

(Sgd) Oscar L. Chapman

Secretary of the Interior
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UNITED STATES
DEPARTMENT OF THE nJr~RI0R

BUREAU OF RECLAMATION
Region 4

Post Office Box 360
Salt Lake City 10, Utah

December 15, 1950

To: Corranissioner

From: Regional Director

Subject: Interim Report on Colorado River Storage Project and
Participating Projects, Upper Colorado Iliver Basin

1. This letter is submitted as my interim report on the potential
Colorado River Storage project and other reclamation projects that would
participate in the benefits and revenues of the storage project. The
report outlines a plan of development and recommends an initial construc­
tion program. As investigations progress, further recommendations for
construction will be made through other interim reports. The plans and
programs of Federal agencies cooperating with the Bureau of Reclamation
in the storage project investigations are a part of this report. Sub­
stantiating mated-als for the storage project, including statements of
cooperating Federal agencies, are appended. Supplemental reports cover
the details of each participating project.

2. The Colorado River Storage project would consist of a combina­
tion of dams, reservoirs, power plants, and other appurtenant structures
on the Upper Colorado River and its principal tributaries. Included as
appurtenant structures would be facilities recommended.by cooperating
Federal agencies for multiple-purpose development of the Upper Colorado
River Basin1s water resources. The project reservoirs would regulate
the flow of the river, assure the delivery of water to the lower basin
as required by the Colorado River Compact, and further the use in the
upper basin of water apportioned by the compact. Part of the capacity
of some of the reservoirs would store water for direct use in the upper
basin. Revenues from the sale of project-generated power would be suf­
ficient to pay all reimbursable Colorado River Storage project costs and
assist irrigators in payment of costs of other projects that would uti­
lize water of the Upper ColoradO River system. Projects that would be
so assisted are referred to as lIparticipating projects. 1I All projects
authorized subsequent to approval of the Upper Colorado River Basin Com­
pact that would consume water of the Upper Colorado River system are con­
sidered to be dependent on the storage project for an assured water aupp~.

Such projects, therefore, are designated "dependent projects.1!

atREAU OF RECLAMATION
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3. Authority to make this report and supporting investigations
is provided in the Federal reclamation laws (Act of June 17, 1902, 32
Stat. 388, and acts amendatory thereof or supplementary thereto, par.,..
ticu1ar1y the Boulder Canyon Project Adjustment Act, 54 Stat. 744).

4. Import~~t contributions to this report and the substantiating
materials were made by the Upper Colorado River Compact Commission and
States of the Upper Colorado River Basin. Valuable background informa­
tion on the Colorado Hiver Basin, its present and potential development,
it s resource s, needs, and problems, was obtained from The Colorado River,
a Department of the Interior report, dated March 1946, and printed as
House Document 419, Eightieth Congress, First Session.

COMPACT AND TREATY OBLIGATIONS

5. In its studies the Bureau of Reclamation has taken full account
of agreements affecting the use of Colorado River system water in the
upper basin, namely, the Colorado River Compact signed in 1922, the
Mexican Water Treaty signed in 1944, and the Upper Colorado River Basin
Compact signed in 1948. The Colorado River Compact apportions the use
of certain quantities of Colorado River system water to the upper and
lower basins and establishes the obligations of Colorado, New Mexico,
Utah, and v'Jyoming, designated "States of the upper division, " with re­
spect to deliveries of water at Lee Ferry. Rights of Mexico to the use
of water from the Colorado River system are defined in the Mexican Water
Treaty. By the Upper Colorado River Basin Compact the use of water
apportioned the upper basin is divided among the upper basin states and
principles are established to govern deliveries of water to meet the Lee
Ferry flow obligations.

6. The upper basin, as defined by the compacts, means "those parts
of the States of Arizona, Colorado, New Mexico, Utah, and Wyoming within
and from which waters naturally drain into the Colorado River system above
Lee Ferry, and also all parts of said States located without the drainage
area of the Colorado River system which are now or shall hereafter be
beneficially served by waters diverted from the system above Lee Ferry."
The compact definition of the upper basin is used in the report. For
distinction, the natural river basin above Lee Ferry is referred to as
the upper drainage basin. Lee Ferry, the dividing point on the Colorado
River between the upper and lower basins, is located in northern Arizona.
n is defined by the Colorado River Compact as lIa point in the main stream
of the Colorado River one mile below the mouth of the Paria River. II
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NEED FOR DEVELOPMENT

7. Now that the upper basin compact has become effective, urgently
needed irrigation projects may be undertaken to turn dry land into pro­
ductive farms and to supplement the meager water supply on some presently
irrigated land. An urgent need also exists for water developments to
supply municipalities and to permit utilization of the upper basin's
vast resources of hydroelectric power, fuels, oils, phosphate, other
minerals, and tiFber, The States of the upper division, however, can
realize the use of their apportioned water only when extensive river
regulation is provided to assist them in meeting downstream flow obli­
gations established by the Colorado River Compact. With full use of
water apportioned the upper basin, an aggregate active reservoir capac­
ity of at least 23,000,000 acre-feet will be required to assure upper
division deJiveries at Lee Ferry, exclusive of any deliveries required
for Mexico o 11 In addition, capacity must be provided for sediment,
power head, and direct use of water in the upper basin.

8. Electric energy requirements are rapidly increasing in the area
within and adjacent to the upper basin. In recent years the growing
industrialization of the West and the accelerated development of natural
resources have taxed existing generating facilities to capacity. Practi­
cally every power utility in the market area has plans to increase its
generating capacity to meet requirements of the immediate future. By
1980, however, power demands in the area are expected to exceed by far
the output of all the installations now scheduled, including installa­
tions planned for the Colorado River storage project. Power demands in
the lower. basin are even greater than those in the upper basin and are
expected to increase at a rapid rate. River regulation and sediment
control are needed at an early date to assure maximQ~ utilization of
several important power potentialities on the Colprado River below Lee
Ferry and above Lake Mead.

PLAN OF DEVELOPMENT

9. The plan of development is presented by a discussion of the
Colorado River storage project, followed by a discussion of participating
projects.

Colorado River Storage Project

10. Ten units, each including a dam, reservoir, and appurtenant
power facilities, would constitute the Colorado River storage project.

11 The extent of storage, if any, required for as~istance in the
ad~nistration of the t1exican Water Treaty cannot be determined at this
time. The plan outlined herein does not provide for, nor preclude,
storage for this purpose.

3
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The dams would be located above Lee Ferry on the Colorado RiveT and its
principal tributaries. Eight of the dams would provide river regula­
tion, namely, Whitewater Dam (Whitewater unit), Cross Mountain Dam
(Cross Mountain unit), Blue Mesa Dam (Curecanti unit), Echo Park Dam
(Echo Park unit), Ashley Dam (Flaming Gorge unit), Glen Canyon Dam
(Glen Canyon unit), Gray Canyon Dam (Gray Canyon unit), and Navajo Dam
(Navajo unit). The two addit ional dams would be built for power head
only. One would be the Crystal Dam (Crystal unit) which W)uld benefit
from river regulation provided by the upstream Curecanti Reservoir. The
other would be the Split Mountain Dam (Split Mountain unit) which would
benefit from upstream regulation provided by the Echo Park Reservoir.
The various units would be constructed and opera ted by the Bureau of
Reclamation in a manner consistent with agreement s affecting the Colorado
River. Title to the works muld remain in the United States. Information
on the ten potential units is sununarized in the table on the following
page.

11. Investigations to date show tmt the pro ject as planned would
economically provide maximum water utilization and power production with
minimum loss of water from evaporation. The pro ject muld control sedi­
ment, abate floods, facilitate recreational development, and aid in fish
and wildlife conservation. As detailed studie s progress, some changes in
the selected units may be found desirable. So far as practicable adjust­
ments in the plan also will be ms,de from time to time to accommodate
supplemental works proposed by interested State and Federal agencies.

Storage System

12. Project reservoirs initially would have a total capacity of
48,555,000 acre-feet, including 37,530,000 acre-feet of active storage
and 11,025,000 acre-feet of inactive storage. In a 200-year period at
the present rate of erosion, about 20,000,000 acre-feet of capacity
would be required for sediment storage--nearly 80 percent of \\hich would
be provided at the Glen Canyon site. An estimated 11,589,000 acre-feet
of the sediment WDuld settle out in the active storage sections, leaving
at the end of 200 years about 25,941,000 acre-feet of active capg.city for
river regulation and direct use of water in the upper basin. The remain­
ing 8,411,000 acre-feet of sediment would find its way to the dead stor­
age pools, leaving about 2,614,000 acre-feet of inactive capacity for
power head, fish propagation, and recreation. The silt deposits would
not reduce th e original power head. 1'Jith reduced erosion on the water­
sheds by improved practices of land ms.nagement agencies, the period of
protection against sediment encroachment would be extended. Future gen­
erations could further extend this prot ection by developing addU ional
upstream sediment storage sites.

13. With full use of water apportioned the upper basin, an active
storage capacity of at least 23,000,000 acre-feet would be ms.intained
exclusively for river regulation. The space reserved for river regulation

4



VI

sm~ffiRIZED DATA ON COLORADO RIVER STORAGE PROJECTIHclght--;;rr Total Active storare capacity (acre-it) Power
dam above I reservoir - I After 200 years - instal-

Project river! capacity I of sediment lation
unit River (feet) : (acre-feet) Initially encroachment (kilowatts)

Cross Hount~in Yampa 295
i 5,200,000 4,200,000 4,030,000 60,000I ,
I :

Crystal 11 Gunnison 305 I 40,000 ° ° 48,000,
Curecanti Gunnison 475 2,500,000 2,010,000 1,979,000 54,000

Echo Park Green 525 6,460,000 5,460,000 5,169,000 200,000

Flaming Gorge Green 440

I
3,940,000 2,950,000

I
2,550,000 72,000

Glen Canyon Colorado 580 26,000,000 20,000,000 10,455,000 800,000! I

I
;

Gray Canyon Green 445 2,000,000 1,390,000 I 698,000 210,000.
I

I i

Navajo I San Juan 335 1,200,000 1,050,000 I 734,000 30,000

Split Hountainll I Green 245 335,000 ° ° 100,000
I

tfuitewater I Gunnison 255 880,000 470,000 326,000 48,000I

I I
Total , I 48,555,000 37,530,000 I 25,941,000 11 ,622,000

j I i
I

11 vlould' benefit from upstream storage.
period power regulation.

Storage at site would be used only for short
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would remain nearly full as long as the river flow was sufficient to meet
the 10-year Lee Ferry flow obligation of the Colorado River Compac~.

Durinr periods of critically low flow, water from the regulatory reserves
would be released to meet the 10-ye:J.r Lee Ferry flow obligation. The
reserves would be replenished during years of favorable water supply.

14. Some of the regulatory reservoirs may provide direct storage
for irrigation ~nd other water-consuming uses in the upper basin. For
example, water for the Central Utah project could be provided by a
gravity diversion from the Flaming Gorge Reservoir or by pumping from
the Echo Park Reservoir. The Whitewater Reservoir by providing replace­
ment water for use on presently irrigated land in western Colorado could
perrrQt new irrigation and industrial developments on the west slope of
the Continental Divide in Colorado and transmountain diversions to the
east slope of the Divide, also in Colorado. Only through the Navajo
Reservoir could New Mexico attain full use of its apportioned water.
Water from the Navajo Reservoir could directly supply the Shiprock Indi5n
project, the South San Juan project, or by exchange it could benefit
possible projects for the exportation of water to the Rio Grande River
B~sin in Colorado 2nd New Mexico.

15. Initial filling of the project reservoirs may require temporary
adjustments in the operation of power facilities on the Colorado River
below Lee Ferry. Any adjustments required, however, could be accomplish,;d
without prejudice to developments both above and below Lee Ferry. Because
of their strategic location, the large Glen Canyon Reservoir and Power
Plant would be of particular importance in effecting the proper integra­
tion of power and river operations.

Power Development

16. Power plants at the eight regulatory reservoirs and at the
Crystal and Split ffountain sites would have a total installed generating
capacity of 1,622,000 kilowatts. Power generation would reach a maximum
of about 9,000,000,000 kilowatt-hours annually and would decrease to
about 6,000,000,000 kilowatt-hours annually with ultimate upstream de­
pletions. Transmission lines would connect the plants with various load
centers, either directly or through interconnections with other power
systems. Energy requirements in the project service area would be met
first from existing and potential local power developments not included
in the project. Additional requirements would be met ~Qth energy pro­
duced by the project facilities.

Construction Schedule

17. The project units would be constructed as required to meet the
needs for consumptive use of water and for electric energy. To make
certain that project units could be in operation when needed considera­
tion must be given to cyclic shifts in run-off conditions and the advan­
tages that would becained by initi~l filling of the reservoirs while

6
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unused apportioned water is available. The Echo Park, Flaming Gorge,
Glen Canyon, Navajo, and0Jhitewater units are scheduled for initial con­
struction. Const~~ction of the ,ihitewater, Echo Park, and Glen Canyon
units could be undertaken immediately, followed by the Navajo and Flam-
ing Gorge units. .

18. The initial five units are favorably situated to supply bmnedi­
ate power market needs in the upper basin and adjacent areas. The Echo
Park unit would provi de a large amount of power and extensive river regu­
lation with small losses' to evaporation. The Echo Park Reservoir would
not be seriously impaired by sediment. The Glen Canyon unit could read­
ily meet critical po"rer deficiencies in the lower part of the upper basin
and adjacent areas and would permit immediate coordination of power and
river operations above and below Lee Ferry. The Glen Canyon Power Plant
would pro'lr.ide a source of power which could be used to meet deficiencies
which might arise due to use of water for reservoir filling if drought
conditions should curtail power generation at other plants. The White­
water, Flaming Gorge, and Navajo units would facilitate transmission of
project energy to Colorado, vwoming, and New Mexico, respectively.
Features of the 5e three units would subsequently asSist 'in the diversion
of water for conswnptive uses.

Costs

19. The construction cost of the entire Colorado River storage
project is estimated at $1,139,100,000 on the basis of December 1949
prices which are essentially the same as current prices. This estimate
includes the cost of dams, power plants, transmission facilities, access
facilities, construction camps, rights-of-way, relocation of transporta­
tion and communication facilities, investigations, engineering, and over­
head. Based on current prices, operation, maintenance, and replacement
costs are expected to average about $9,732,100 annually with full project
development. A breakdown of costs by project units is shown in the tabula­
tion below.

.. $9,732,100

Estimated annual •
operation, maintenance,

and replacement costs

$ 414,700
325,500
378,100

1,199,200
483,900

4,428,600
1,239,300

251,000
659,000
352,800

Estimated
construction cost

$ 51,000,000
37,900,000
80,400,000

165,400,000
82,700,000

363,900,000
178,400,000
63,000,000
76,400,000
40,000,000

~1,139,100,doo

Project unit

Cross Mountain
Crystal
Curecanti
Echo Park
Flaming Gorge
Glen Canyon·
Gray Canyon
Navajo
Split t:J.ountain
.Whitewater

Total

7
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i3enefi ts

20. The NQtion, particularly the States of the Colorado River
Basin, would realize substantial benefits from the Colorado River stor­
age project. Benefit values from power production are estimated at
$59,084,000 annually on the basis of average annual equivalents computed
at 2.5 percent interest over a 100-year period of operation for each
generating unit. Benefits from irrihation and other water-consuming uses
in the upper basin would be realized only with the construction of depen­
dent projects. Therefore, benefits from these uses are being evaluated
in connection with dependent projects and will be shown in the analysis
of each such project. Tangible and intangible benefits that have not
yet been evaluated would be realized in the upper basin from recreation, .
flood control, and fish and wildlife conservation and in the lower basin
from sediment retention and river regulation for power production and
flood control. These benefits will be evaluated when additional informa­
tion is provided from further project investigations.

Benefit-Cost Ratio

21. To permit a comparison of project benefits and costs the esti­
mated costs of the Colorado River storage project were converted to aver­
age annual equivalents computed over a 100-year period for each project
unit. The annual cost thus comDuted is $41,994,700. It includes about
$32,262,600 for amortization of the net project investment over the period
of analysis at 2.5 percent interest and an average of about $9,732,100
for annual operation, maintenance, and replacements over the period of
analysis. Allowances were made for interest during construction and the
value of salvage at the end of the 100-year period. Inasmuch as benefits
from irrigation and other water-consuming uses will be evaluated and shown
in the analysis of each dependent project, an appropriate share of the
cost of the Colorado River Storage project, totaling $9,671,000 annually,
has been assigned to dependent projects. The remainder of the cost,
$32,323,700 annually, has been assigned to the storage project. These
assignments are for the purpose of benefit-cost analyses.

22. Annual evaluated benefits from the Colorado River Storabe proj­
ect ($59,084,000) would compare with the an~ual costs assigned the proj­
ect ($32,323,700) in a ratio of 1.8 to 1.0.

Cost Allocations

23. Costs of the Colorado River Storage project have been tenta­
tively allocated to irrigation and other water-consuming uses and to
power as shown in the tabulation on the following page. The allocations
were made by averaging the results of the priority-of-use and alternative­
justifiable-expenditure methods. No allocations were made to fish and

8
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wildlife conservation, flood control, recreation, sediment retention,
or other purposes although in the future such allocations may be
found desirable and justified.

Purpose Construction cost

Annual operation,
maintenance, and
replacement costs

$ 167,700
9,264,400

$9,732,100

$ 332,950,000
806,150,000

-11,139,100,000

Irrigation and
other water
consuming uses

Power
Total

Upper Colorado River Account

24. Power revenues would be obtained from the sale of firm energy
at an average rate of 5.5 mills a kilowatt-hour and from the sale of
secondary energy available in early operations of developments at 3
mills a kilowatt-hour. Such rates would be sufficient to cover, among
other things, an interest charge of 3 percent on the unamortized power
investment. The indicated rates are based on present expectations as
to construction costs. Any appreciable rise in price levels would be
reflected in the average rates.

25. All scheduled power revenues from units of the Colorado River
Storage project and from participating projects located within the upper
drainage basin, and all scheduled net power revenues derived from the
Central Utah project (initial phase) subsequent to complete reimburse­
ment of the reimbursable costs of that project, would be credited to an
account to be known as the Upper Colorado River Account. The account
would be charged with all scheduled payments on the construction, opera­
tion, maintenance, and replacement costs of the Colorddo River Storage
project and participating projects located within the upper drainage
basin which costs are allocated to power purposes or assigned to be re­
turned from power revenues. The account would also be charged with
scheduled payments on that portion of the construction cost of each
participating project allocated to irrigation which is required to be so
paid in order to show full reimbursement of the irrigation allocation
within 50 years following a suitable development period for that project.

26. Under the suggested construction schedule and plan the total
construction cost of the storage project would be repaid 65 years after
the first generating unit was placed in operation. The power allocation
would be retired within 50 years following installation of the last
generating unit.

9
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27. Credits to the Upper Colorado River Account from the revenues
of the Colorado River storage project a.re expected to exceed charges
against the account by the storage project in cumulative amounts shown
below.

Year

10
20
30
40
50
60
70

Net credits from
Colorado River storage proje~t

$ 70,600,000
196,800,000
310,600,000
374,200,000
382,600,000
454,300,000
674,900,000

Participating Projects

28. Criteria, listed below, have been established for consider~­

tion in the selection of projects to particip~te in the Upper Colorado
River i-\.ccount. Under these criteria financial assistance would be given
'Jnly to practicable irrigation pro jects. .t-\.ssistance is required by
~early 0.11 potential projects in the upper basin since projects already
constructed have utilized the least expensive sites and most convenient
water supplies.

(~) A project, unit, or phase thereof may be eliGible to
participate only when and to the extent that all sources of estimated
revenue directly available to said project, unit, or phase are insuffi­
cient to return its reimbursable costs during its payout period as here­
after specified in (d).

(£) It shall be a project for the use in one or more of the
states designated in Article III of the Upper Colorado River Basin
Compact, of water of the Upper Colo~ado River system, as that system is
defined in such compact, the consumptive use of which is apportioned to
those states by that article.

(c) Its total benefits shall exceed its tota.l costs, including,
but ~~thout-li~itation, any costs attributable to its direct use of the
facilities of the Colorado River Storage project or any other project,
and an appropriate share of the costs of the Colorado River Storage
'Jroject.

(9) jJith anticipated revenues from irrigation, based on the
irriiatorsf ability to pay, it shall be able to pay the operation, main­
tenance, and replacement costs allocated to irrigation, 3.nd to pay in :i

period of 50 years following a suitable development period, at least part
of the construction costs allocated to irrigation.

10



REPORT OF THE REGIO~\;J~.L DIRECTOR

(e) TheH~ shall be available to aid such participating project,
or group of-p:.rt,icip:.dng projects, an appropriate district, preferably
')f the "nU:lr conservcmcy type, which shall be satisfactory to the Secre­
tary of the Interior, one purpose of which shall be to provide revenues
for the project over and above those paid by irrigators to assist in
:-ep:lyment of construction costs allocated to irrigation.

(f) It shall not require assistance from the Upper Colorado
~ver Account in an amount, which, taking into consideration the prior
obligations of the account and the anticipated revenues from its exist­
ing ~nd authorized units, will leave the account in a deficit position
at the end of the pay-out period for the participating project as speci­
fied in (d) above or will require an increase in the general level of
Colorado River Storage project power rates.

(~) Charges to the Upper Colorado River Account for the bene­
fit of a project commingling water specified in (b) with other water
shall not exceed an appropriate share of the construction cost of the
works required by that project to use water specified in (b).

(h) Pertinent data sufficient to determine its probable
engineering-and econo!nic justification and feasibility shall be available.

29. The criteria outlined are suggested for all participating proj­
ects except the Eden project in Wyoming and Paonia project in Colorado,
which have previously been authorized. The Act of June 28, 1949 (Public
Law 132, Eighty-first Congress, First Session), which authorized the
completion of the Eden project, provides: flTh3.t construction costs of
the irrigation features of the project which are not hereby made reim­
bursable by the w~ter users shall be set aside in a special account
against which net revenues derived from the sale of po'ltJer gener~tted at
the hydroelectric plants of the Colorado River Storage project in the
upper basin shall be charged when such plants are constructed." The
Paonia project was authorized by the Act of June 25, 1947 (Public Law 117,
Eightieth Congress, First Session). Enlargement of the Fire Mountain
Canal is in progress under that act. After authorization it was determined
that it would not be feasible to construct the Spring Creek Dam at the
site described in the project report and that the cost would greatly
exceed the estimate. A bill (H.R. 9244, Eighty-first Congress, Second
Session) to amend the authorized act is now before Congress. The bill
provides that the plan of development be revised and that net revenues
derived from the sale of power generated at the hydroelectric plants of
the Colorado River Storage project be used to pay reimbursable construction
costs that could not be paid by the water users within the repayment
period of 08 ye~rs specified in the Act of June 25, 1947.

30. Special consideration would be required for projects planned for
irrigation of Indian lands. Such projects, however, would be evaluated

11
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by the same'criteria as the non-Indian projects in order to determine
the extent to which they would be assisted by the Upper Colorado River
Account. Any additional assistance required by Indian irrigators would
have to be provided by means other than the Upper Colorado River Account.

31. Water available to the upper basin is inadequate for all poten­
tial projects. Considerable study will be required of the many potentiali­
ties before a complete group of dependent projects maybe chosen that have
~mter requirements compatible vuth the apportionments of the respective
States of the upper basin and that are in the best interests of the
individual states and the Nation as a whole. Sufficient investigations
have been completed, however, to permit selection of a fev! projects for
initial construction and participation in the Upper Colorado River Account.
Other participating projects will be selected on the completion of further
investigations.

32. Sixteen projects have been recommended cooperatively by the
States of the Upper Colorado River Basin for initial participation in
the Upper Colorado River Account. Twelve of these projects have been
found to meet the criteria set out in paragraph 28. These are described
briefly in the following paragraphs and pertinent data from sup91emental
reports are summarized in tabular form on page 17. Plans for two of the
other projects recommended, the Gooseberry project in Utah and the La pla.ta
division of the Animas-La Plata project in Colorado and New Mexico, would
have to be revised before the se projects would fully meet the criteria
outlined. Sufficient investizations have not been made of the Little
Snake River project in WY~ning and Colorado, which has also been recom­
mended, to determine whether it would meet the criteria. The Shiprock
Indian project also recommended is being investigated by the Bureau of
Indian Affairs.

(~) Authorized projects

(1) Eden project, wyo.--The Big Sandy D~n is being
constructed on Big Sandy Creek, 35 miles north
of Rock Springs, Wyo., to impound 40,000 acre­
feet of vater. The reservoir will provide a
supplemental water supply for 9,000 acres now
irrigated and a full irrigation supply for 11,000
acres of arable dry land. The Means Canal will
be constructed to convey reservoir water to the
existing Eden Canal and lateral system which will
be enlarged and extended.

Construction of the Eden project, approved
by the President September 18, 1940, was stopped
by order of the War Production Board i Yl December
1942. Completion was authorized by the Act of

12
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June 28, 1949, (Public Law 132, Eighty-first
Congress, First Session) and construction is
now under way, The authorizing act provides
"Thn.t of the construction costs of the irriga­
tion features of the project not less than
$1,500,000 for the project of twenty thousand
irrigable acres, or a proportionate part thereof
b.'l.sed on the actu'11 irrigable area, '." shall be
reimbursable by the water users in not to exceed
sixty years.,. II

(2) Paonia project, Colo.--H,. R. 9244 to amend
the act authorizing the P.'l.onia project provides
for construction of a dam at Spring Creek "B"
site on Muddy Creek, :J. tributary of the North
Fork of the Gunnison River, The dam will form
a reservoir of 18,000 acre-foot capacity in west­
central Colorado near Paonia. The reservoir will
provide supplemental water for 14,830 acres now
irrig~ted with only a partial water supply and
a full supply for 2,210 acres not heretofore
irrigated. Work is nearing completion on the
enlargement and extension of the Fire £Jlountain
Canal which will distribute project water. Land
served from the extension will include land now
irrigated from Minnesota Creek and land on Rogers
Mesa now irrigated from Leroux Creek, Leroux
Creek water will then be diverted higher upstream
and used. for irrigation on Redlands Mesa.

(!2) Projects Recommended for Authorization

(1) Central Utah project, Utah, --The comprehtmsive
Central Utah project, a large multiple-purpose
development, is of such magnitude that it has
been planned in two parts--the initial phase, a
unified portion that could operate independently,
and the ultimate phase. Only the initial phase
is included in the group recommended for initial
participation in the Upper Colorado River Account.

The initial phase would intercept the flow
of streams on the south slope of the Uinta Mountains
as far east as Rock Creek and would convey the
water westward by gravity flow for use in the
Bonneville Basin, Water for replacement and
expanded irrigation in the Uinta Basin would be
provided by storage on local streams, Several
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regulatory reservoirs would be required in both
the Bonneville and Uinta Basins, the principal
one being the enlarged Strawberry Reservoir on
the Strawberry River. By construction of Soldier
Creek Dam the capacity of the reservoir would be
increased from 283,000 acre-feet to 1,370,000
acre-feet. The initial phase would provide for
the irrigation of 28,540 acres of new land and
131,840 acres now irrigated but in need of more
water or improved water regulation. It would
also provide 48,800 acre-feet of water annually
for municipal, industrial, and related uses. It
would generate each year approximately 373,000,000
kilowatt-hours of energy.

(2) Emery County project, Utah.--Irrigation water
would be furnished 24,080 acres of land under
existing canals diverting from Cottonwood Creek
and Huntington Creek in east-central Utah near
Castle Dale. Supplemental water would be pro­
vided for 20,450 acres of the land and a full
new supply 1'10 uld be provided for 3,630 acres.
The 'irrigation water would be made available
through storage of surplus spring run-off at a
57,000 acre-foot reservoir at the Joes Valley
site on Cottonwood Creek. Water for lands in
the Huntington Creek area would be conveyed by
canal from Cottonwood Creek.

(3) Florida project, Colo.--Lemon Reservoir, with a
capacity of 23,300 acre-feet, would be formed by
the Lemon Dam on the Florida River in southwester n
Colorado, southeast of Durango. This reservoir
would regulate the Florida River run-off to pro­
vide an irrigation wat er supply for 18,950 acres,
including 12,650 acres now irrigated with only
a partial supply and 6,300 acres not now irri­
gated. Approxinately 1,000 acres of the land
in the project area are Indian owned. The regu­
latory storage provided for irrigation would
reduce floods which nearly every year cause exten­
sive damage along the river course.

(4) HamrLond project, N.Mex.--The Hammond project
would divert natural flow of the San Juan River
to provide an irrigation supply for 3,670 acres
of presently unirrigated land along the south
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side of the ri. ver near Bloomfield, N. Y16X. The
water would be diverted from the river by a low
diversion dam and conveyed to the project land
by a gravity canal. A pumping unit would be
installed to lift water 49 feet from the gravity
canal to two highline laterals that would serve
about 1,110 acres of the project land.

(5) laBarge project, Wyo.--Unregulated natural flow
of the Green River would be diverted for the
irrigation of 7,970 acres of new land located
west of the river between Big Piney and LaBarge
in southwestern Wyoming. The principal con­
struction feature would be a canal 38 miles
long, mostly of earth section.

(b) byman project, w,yo.--Water would be stored in an
offstream reservoir of 43,000 acre-foot capacity
at the Bridger site on Willow Creek to furnish
supplemental irrigation water for 40,600 acres
of land along Blacks Fork near the town of Llfman
in southwestern Wy("lming. The reservoir would be
fed by canals from Blacks Fork and West Fork of
Smi ths Fork.

(7) tine River project extension} Colo. and N. Mex.--

The extension is planned-to enlarge and lengthen
distribution works in order that storage water
already available in Vallecito Reservoir of the
Pine River project might be furnished to some of
the arable project land still unirrigated in
southwestern Colorado and northwestern New Mexico.
The extension would serve 15,150 acres of land,
including 1,940 acres administered by the Bureau
of Indian Affairs.

(8) Seedskadee project. Wyo.--This project would
irrigate 60,720 acres of presently unsettled land
kocated along both sides of the Green River in
s0uthwestern Wyoming, about 35 miles east of
Kemmerer. The land would be irrigated by gravity
diversions from the Green River. Two drops in
distribution canals would drive turbines to lift
water to higher land. No reservoir storage would
be required.

15
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(9) Silt project, Colo.--A reservoir of 10,000 acre­
foot capacity would be constructed on Rifle Creek
in west-central Colorado near Rifle. Most of
the reservoir water would be released to water
users downstream, replacing part of the natural
flow heretofore used. In exchange for the storage
water, an equivalent amount of natural flow water
would be diverted from East Rifle Creek above
the reservoir and conveyed to project land in
Dry Elk Valley and on Harvey Mesa. Water would
also be conveyed from the reservoir to land under
the Davie ditch in Rifle Creek Valley. During
the low stages of the reservoir, pumping would
be required. In all, 5,400 acres of land would
be provided a supplemental water supply and 1,900
acres would be provided a full new supply.

(10) Smith Fork project, Colo.--Surplus run-off of
Smith Fork and Iron Creek would be regulated in
a reservoir of 14,000 acre-foot capacity at the
Crawford site on Iron Creek in west-central
Colorado near Crawford. Water from Smith Fork

.would be diverted to the reservoir by feeder
canal. The stored water would be conveyed by
canal to land on Grand View Mesa and land adjacent
to Cottonwood Creek. Part of the released storage
water would replace natural flow on this land,
permitting additional diversions of natural flow
to land above the reservoir in the Upper Smith
Fork Basin. A total of J..q,4.30 acres would be
benefited, including 8,160 acres now inadequately
irrigated and 2,270 acres of dry land.

INVESTIGATIONS OF COOPERATING FEDERAL AGENCIES

33. The varied and extensive resources of the Upper Colorado River
Basin have been under study by several Federal agencies, each charged
with specific responsibilities pertaining to the development and protec­
tion 0f natural resources. These studies, however, have not provided all
the information required for the detailed planning of complete basin
development. Therefore it is necessary that the types of investigations
conducted in the past be extended and that the investigations be intensi­
fied to provide the detail essential for scheduling the full use of basin
natural resources. The continuing studies needed will be conducted by
numerous agencies under programs justified by each agency concerned. The
results of the studies will be made available to all under cooperative
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INITIAL PARTICIPATING PROJECTS-UPPER COLORADO RIVER BASIN
IrriQable area (acres) Costs payable

l''umished Increased Construction cost Cost pay- from Upper
supplemental stream dep1etion1!

.To~a1Y
INonre:Lm- able from 'JJ Colorado River

Project New 1arxi water Total (acre-feet annuallY) bursable Reimbursable project revenues Account

Authorized projects
$5,986,000 $5,986,000 $1,500,000 $4,486,000Eden 11,000 9,000 20 000 17,800

Paonia 2.210 14.830 17:040 9'000 6.191.000 $1l.7.3oo 6.043.700 2.415.200 3.628.500
Subtotal 13,210 23,830 37,040 26,800 $12,177,000 147,300 $12,029,700 i3,915,200 $8,114,500

Recommended for authorization
Central Ut--ah (initial phase) 28,540 131,840 1CD,380 189,400 $198,840,000 2,570,000 196,270,000 181,097,2CD 15,172,740

--- Emery County 3,630 20,450 24,080 15,500 7,840,000 140,000 7,'100,000 3,415,000 4,285,000
Florida 6,300 12,6:;::> 18,950 12,900 6,211,.500 363,CDO 5,847,900 - 1,059,500 4,788,400
Hammond 3,670 3,670 7,900 1,892,300 1,892,300 238,500 1,65.3,800
laBarge 7,970 7,970 14,200 1,476,000 1,476,000 416,500 1,059,500

'Lyman 40,600 40,600 9,847,000 9,847,000 2,125,000 7,722,000
Pine River Extension 15,150 15,150 28,300 4,088,000 4,000,250 1,653,646 2,434,W4
Seedskadee W,72O CD, 720 110,400 20,379,000 20,379,000 4,135,000 16,244,000
Silt 1,900 5,400 7,300 5,800 3,190,000 73,WO 3,116,400 885,000 2,2.31,400
Smith Fork 2.270 8.1W 10.430 7.500 3.148.000 3.148.000 8W 000 2.288.000

Subtotal 130,150 219,100 349,250 391,900 250,911,800 3,147,200 253,764,850 195,885,400 57,879,444

Total 143.3W 242.930 386.290 418.700 -$269.088.800 $3.294.500 $265.794.550 $199.800 W6 $65.993.944

11 Estimated for each project from climatic data for the particular period of water supply study adopted for the preliminary project investigation.
y. Costs estimated at prices prevailing in December 1949. Do not include nonreimbursable Colorado River Development funds spent for investigations.
'JJ Estimated irrigation revenues at average crop prices prevailing in 1939-44 period; Central Utah project revenues also 'Would include revenues from

power and municipal use.
!tI Includes $78,000 (Florida project) and $211,848 (Pine River project extension) that would be repaid or adjusted under an extension of the Leavitt

Act of July 1, 1932 (47 Stat. 564) authorizing the Secretary of the Interior to adjust reimbursable debts of Indians.
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arrangements established by the agencies and by Congress. The Department
of the Interior, because of responsibilities delegated to its consti­
tuent agencies by Congress, has a major responsibility for resource devel­
opment in the Upper Colorado River Basin. A fully integrated investi­
gational program by the Department is planned which will include the kind
and scope of studies discussed in the following paragraphs.

34. Accurate knowledge of the vital water resources of the basin
is obviously indispensable to the consideration of any project involving
water control Qnd utilization. To secure additional detailed information
required the Geological Survey plans: (1) to add about 20 stream gaging
stations to the 80 stations now in operation to facilitate administration
bf the various interstate compacts and to add about 140 stations to the
200 now in operation to collect the basic data required in the planning
of the ba sin IS future wat er-use pro j ect s ; (2) to continue the topographic
mapping of the entire Upper Colorado River Basin, now only 11 percent com­
plete, with an accelerated program in the areas to be covered by storage
project reservoirs; (3) to expand the program for measuring sediment
transported by the Colorado River and its principal tributaries in order
to confirm estimates of sediment storage capacities required in the proj­
ect reservoirs; (4) to investigate measures to control erosion at its
source; (5) to continue special studies of water losses in the stream
channels and adjoining flood overflow areas; (6) to evaluate regional
groundwater levels and contributions to stream flow from groundwater
sources; (7) to expand the program for analyzing water from all parts of
the basin and to maintain a continuing record of water quality; and (8)
to complete geologic mapping and inventory of areas which may contain
valuable mineral resources.

35. Investigations by the Fish and Wildlife Service provide the
basic biological information necessary to evaluate the effect of wQter­
use projects on fish and wildlife resources and to suggest means that may
be employed to mitigate the effect of adverse features or operations which
are necessary to achieve the primary purposes of the projects. An over-
all wildlife study is desired in the Upper Colorado River Basin to determine:
(1) the relative importance of developing different portions of the area
for migratory birds; (2) the ,methods and areas that might be developed
to relieve the congested big game ranges and increase upland game habitat,
especially those to be further restricted by proposed developments; and
(3) the possibilities of improving the fisheries by introducing game fish
in the reservoirs and by improving streams.

36. The National Park Service has made a general survey of recrea­
tional resources of the Upper Colorado River Basin as its part in formu­
lating a comprehensive plan for basin development. Preliminary examina­
tions have been made of each site contemplated for use in the Colorado
River Storage project. Detailed studies of each storage project reservoir
will be required tq plan appropriate facilities for recreational use and

18



REPORT OF THE REGIONAL DIRECTOR

to provide for their management. These detailed studies will include:
(1) determination of additional land areas adjacent to the reservoirs
that would be necessary for the construction and operation of recrea­
tional facilities, (2) surveys and salvage in cooperation with the
Smithsonian Institution and local interests of archeological remains
endangered by water conservation projects, (3) planning of the specific
facilities at each site which can be integrated into the National Park
system or managed by ptate or other Federal agencies, and (4) prepara­
tion of estimates of the benefits to result from the planned developments.

37. The Bureau of Land Management is responsible for cadastral
surveys on public lands within the Upper Colorado River Basin, maintains
records of all land transactions, issues patents to the land, handles
applications for all mineral resources, and regulates grazing on the
Federal range within the grazing districts and on other lands leased
for grazing. The Bureau of Land Management plans to make large-scale
studies in erosion control and sediment abatement. It also plans to
accelerate the cadastral survey program and land classification and
resources inventories,

38. To keep abreast of the increasing National demands for minerals,
. it is necessary to step up the rate of discovery of new reserves, reduce
the cost of mining and handling ores by improvements in techniques,
improve methods of recovery and separation, and develop better usage of
the minerals and metals. The Bureau of Mines is expanding the search
for petroleum and natural gas. It is discovering new reserves of minerals
in short supply as well as new ores. Mining research is being done at
a demonstration mine at Rifle, Colo., to determine methods and costs of
mining oil shale, and a program is being formulated to develop methods
of mining thick coal beds to increase extraction as a conservation measure.
In the metallurgical field the Bureau of Mines is working close~ with
the Atomic Energy Commission on the recovery of uranium from complex low­
grade ores. Research is being done on the recovery of vanadium and
phosphate from low-grade shales and the utilization of phosphate rock.
The production of silico-man2anese from rhodonite is being studied as a
possible method of making available more manganese. Coal utilization
studies are being conducted to improve the heat value of coal in order
to justify shipping greater distances, particularly to the Pacific Coast
area. Studies are being made of the production of synethetic liquid fuel
from coal and methods of improving the heat value of coal for utilization
as thermal power on a competitive basis to firm up hydroelectric power.
Retorting and refining research is being done on oil shale at Rifle, Colo.,
and Laramie ,:Jyo., to produce synethetic liquid fuel. The work being
done on petrolewn and natural gas is directed toward increasing the yield
from various fields and thereby increasing reserves.

39. Special responsibilities to the Indians make it necessary that
the Bureau of Indian Affairs continue its studies of the utilization of
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reservation lands in the upper basin.
develop Indian lands and to assure the
rights now held by the basin's Indians
an economic independence comparable to
basin.

Further studies will be made to
protection of the resources and
in order that they may attain
that of other citizens of the

CONCLUSIONS

40. The Colorado River Storage project would provide necessary
regulatory storage by a combination of reservoirs on the Colorado River
and its tributaries above Lea Ferry. All projects that would consume
water of the Upper Colorado River system, authorized subsequent to
approval of the Upper Colorado River Basin Compact, are considered to
be dependent on river regulation for an assured water supply.

41. Reservoirs of the Colorado River storage project would provide
a total storage capacity of about 48,555,000 acre-feet. In 200 years at
the present rate of erosion about 20,000,000 acre-feet of the capacity
would be occupied by sediment, leaving 25,941,000 acre-feet of active
capacity for river regulation and direct use of water in the upper basin
and 2,614,000 acre-feet of inactive capacity for creation of power heads,
fish and wildlife propagation, recreation, and other purposes.

42. Releases from regulatory reservoirs would produce substantial
amounts of electric energy. Power loaq growth trends indicate that the
project power output would readily be absorbed in the power market area.

43. The Colorado River Storage project has engineering feasibility
and is economically justified.

44. The initial construction program would include the Echo Park,
Flaming Gorge, Glen Canyon, Navajo, and dhitewater units. These would
be constructed in an orderly s-chedule. Construction of the vVhitewater,
Echo Park, and Glen Canyon units should be started irmnediately.

45. Revenues fr~n the sale of electric energy generated by units of
the Colorado River Storage project would be more than sufficient to pay
all reimbursable costs of the project within a period of 50 years after
installation of the last generating unit. Project power revenues also
would be available to assist irrigators in the payment of construction
costs of economically justified and urgently needed participating proj­
ects. Financial assistance could best be rendered irrigators through
establishment of an Upper Colorado River Account.

46. Development of the Colo~ado River storage project and partici­
pating projects is essential to the comprehensive development of the
upper basin's natural resources. It would provide flexibility in the
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basin development and coordination of the interests of the Nation and
States of the Upper Colorado River Basin.

RECOMMENDATIONS

47. It is recommended:

(~) That the .. plan of development of the water resources of
the Upper Colorado River Basin described in this report be approved;

(£) That authority be sought for the Secretary of the Interior,
acting pursuant to the Federal reclamation laws (Act of June 17, 1902,
32 Stat. 388, and acts amendatory thereof or supplementary thereto), to
construct, operate, and maintain (i) the following units of the Colorado
River Storage project:

Echo Park
Flaming Gorge
Glen Canyon
Navajo
Whitewater

and (ii) the following initial participating projects subject to the
terms of paragraph (~) of this recommendation:

Central Utah (initial phase), Utah
Emery County, Utah
Flori da , Colo.
Hammond, N. Hex.
LaBarge, Wyo.
Lyman, wyo.
Pine River extension, Colo.-N. Hex.
Seedskadee, wyo.
Silt, Colo.
Smith Fork, Colo.

all as describ ed in this report but with such modification of, omissions
from, or additions to the works as the Commissioner of Reclamation, with
the approval of the Secretary, may find proper;

(£) That the Eden project, Wyo., and the Paonia project,
Colo., which have previously been authorized and are partially constructed,
be included in the plan of development and, if H. R. 9244, discussed in
paraisraph 29, is not. passed, that the Paonia project be included as a
participating project with those described in (b) (ii) above;
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(d) That, pursuant to the recommendation of the Commissioner
of Indian Affairs, and in order to consolidate the recommendations of the
Secretary for dependent projects in the Upper Colorado River Basin, the
Shiprock Indian project be authorized for construction, operation, and
maintenance in accordance with applicable laws to the development of
irrigation projects on Indian reservations including the provisions of
the Act of July 1, 1932 (47 Stat. 564, 25 U.S.C. 386 A), provided, how­
ever, that this project shall receive assistance from the Upper Colorado
River Account in the same manner and to the same degree as other parti­
cipating projects;

(~) <That authority be sought for the Secretary, acting
pursuant to the laws applicable to the development of National parks,
monuments, or recreational areas to the extent to which those laws are
not inconsistent with operation of the Colorado River Storage project
units for their primary purposes, to construct, operate, and maintain
the recreational facilities proposed in this report;

(K) That, because of interrelationship of the projects
in the Upper Colorado River Basin, authority be sought for the Secretary
of the Interior to establish an Upper Colorado River Account. The account
should be credited with all power revenues derived from (i) units of
the Colorado River Storage project, and (ii) participating projects
located within the natural confines of the Colorado River Basin above
Lee Ferry and with all net power revenues derived from the Central Utah
project (initial phase) subsequent to complete reimbursement of the
reimbursable costs of that project. The account should be charged with
all construction, operation, maintenance, and replacement costs of the
Colortldo River Storage project and participating projects located within
the natural confines of the Colorado River Basin above Lee Ferry that
are allocated to power purposes or assigned to be returned from power
revenues. The account should also be charged with that portion of the
irrigation allocation of each participating project1s construction cost
which is required to be so charged in order to show full reimbursement
thereof within 50 years following a suitable development period for that
project. Revenues and costs in connection with other undertakings here­
after authorized to be constructed should be included in the Upper Colo­
rado River Account only upon specific authorization by act of Congress;

(g) That the Secretary from time to time recommend to
Congress for authorization additional units of the Colorado River
Storage project and additional participating projects and that all parti­
cipating projects be required to meet the following qualifications:

(1) A project, unit, or phase thereof may be eligible
to participate only when and to the extent that
all sources of estimated revenue directly avail­
able to said project, unit,or phase are insufficient
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to return its reimbursable costs during its
payout/period as hereafter specified in (4).

(2) It shall be a project for the use in one or
more of the States designated in Article III
of the Upper Colorado River Basin Compact, of
water of the Upper Colorado River system, as
that system is defined in such compact, the
consumptive' use of which is apportioned to those
States by that article.

(3) Its total benefits shall exceed its total costs,
including, but without limitation, any costs
attributable to its direct use of the facilities
of the Colorado River storage project or any
other project, and an appropriate share of the
costs of the Colorado River Storage project.

(4) With anticipated revenues from irrigation, based
on the irrigators! ability to pay, it shall be
able to pay the operation, maintenance, and
replacement costs allocated to irrigation and
to pay in a period of 50 years following a
suitable development period at least part of the
construction cost allocated to irrigation.

(5) There shall be available to aid such participat­
ing project, or group of participating projects,
an appropriate district, preferably of the water
conservancy type, which shall be satisfactory to
the Secretary of the Interior, one purpose of
which shall be to provide revenues for the proj­
ect over and above those paid by irrigators, to
assist in repayment of construction costs allocated
to irrigation.

(6) It shall not require assistance from the Upper
Colorado River Account in an amount, which, taking
into consideration the prior obligations of the
account and the anticipated revenues from its
existing and authorized units, will leave the
account in a deficit position at the end of the
pay-out period for the participating project as
specified in (4) above or will require an increase
in the general level of Colorado River Storage
project power rates.
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(7) Charges to the Upper Colorado. River Account for
the benefit of a project commingling water
specified in (2) with other water shall not
exceed an appropriate share of the construction
cost of the works required by that project to
use water specified in (2).

(8) Pertinent data sufficient to determine its probable
enbineering and economic justification and feasi­
bility shall be available.

(h) That the investigations and programs proposed to be
undertaken by certain agencies of the Department of the Interior, as
summarized in paragraphs 33 through 39 of this report and presented in
detail in the appended substantiating materials, be authorized; and that
appropriations therefor be nonreimbursable, and that in the case of investi­
gations conducted by the Bureau of Reclamation the provisions of the Act

.~ of April 19, 1945, should govern;

(i) That there be set up and maintained in the Treasury
from the receipt~ of the Colorado River Storage project a continuing fund
of $1,000,000 to the credit of amsubject to expenditure by the Secretary
to defray emergency expenses and to insure continuous operation of the
project;

(j) That as of the close of each fiscal year, beginning
with Fiscal Year 1955, the Secretary of the Interior report to the Congress
on the status of the Upper Colorado River Basin Account and on the revenues
from and cbsts of constructing, o~erating, and maintaining the Colorado
Ri ver Storage project and participating· projects. The Secretary IS report
should be prepared in such manner as accurately to reflect the Federal
investment allocated to powe~, to irrigation, and to other water supply
purposes and the progress of return and repa~nent thereon, and the esti­
mated rate of progress, year by year, in accomplishing full repayment.

?O
t •
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CHAPTER I

GENERAL DESCRIPTION

The Colorado River Storage project and participating projects would
provide a means for the full development of the water resources of the
Colorado River system above Lee Ferry. Lee Ferry in northern Arizona is
the dividing point on the river between the Upper end Lower Colorado Rivel'
~~sins. The upper basin, as defined by the Colorado River Compact,
inclUdes, in addition to the natural drainage basin above Lee Ferry, all
parts of Arizona, Colorado, New Mexico, Utah, and Wyoming located without
the drainage area of the Colorado River system which are now or shall here­
after be beneficially served by waters diverted from the system above
Lee Ferry. These outside areas include the east slope area of Colorado
and the Wasatch front area of Utah representing the largest centers of
population, agriculture, and industry in these States. The outside areas
also include important areas in New Mexico and Wyoming. The upper basin;
as referred to in this report, is the large area defined by the compact.
For distinction, the natural drainage basin above Lee Ferry is referred
to as the upper drainage basin.

Physical Features

With a drainage area of 110,000 square miles, the upper drainage
basin is larger than New York, Pennsylvania, and New Jersey combined.
It is bound on the east and north by mountains forming the Continental
Divide and on the west by other Rocky Mountain ranges. On the south it
opens to the lower basin through which the Colorado River continues to
the Gulf of California.

The Colorado River rises among lofty peaks more than 14,000 feet in
height in the northwest portion of Rocky Mountain National Park, 70 milos
northwest of Denver. It meanders southwest ~40 miles through the upper
basiL to Lee Ferry. The Green River, its major tributary, rises in west­
ern Wyoming and discharges into the Colorado River in southeastern Utah,
730 river miles south of its origin and 220 river miles above Lee Ferry.
The Green River drains 70 percent more area than the Colorado River above
their junction but produces only about three-fourths as much water. Other
principal tributaries of the Colorado are the west-flowing Gunnison and
San Juan Rivers. The Yampa and White Rivers from the east and the
Duchesne River from the west are the principal contributors to the Green
River.

Many small tributary streams flow inward from the mountains, trav­
ersing fertile valleys. In or beyond these valleys the streams converge
into the Colorado River and its larger tributaries and become deeply
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entrenched in the expansive and rugged plateau country which makes up the
central and southern portion of the upper drainage basin.

Climate

A wide range of climate in various parts of the upper drainage basin
is caused by differences in altitude and latitude and to a lesser extent
by topographic features. Extremes of temperatures range from 520 below
zero at Kendall, Wyo., to 1090 above zero at Shiprock, N. Mex. The
northern portion of the drainage basin is characterized by short, warm
summers and long, cold winters. In the southern portion summers are
longer and winters are moderate at low altitudes but colder temperatures
prevail in the mountains. A peculiar climatic condition exists in parts
of western Colorado where topographic features create an air drainage in
localized sections along the foothills. This condition mitigates frost
damage and favors the growing of such fruits as peaches, pears, apricots,
cherries, and berries.

Precipitation increases with altitude, being heaviest in the high
eastern and northern portions of the basin. Most precipitation falls in
the form of winter ~owsand spring rains. The higher mountain peaks are

, snow capped most of the year.

Weather records for representative stations are summarized in the
following table.

WEATHER RECORDS AT REPRESENTATIVE STATIONS IN UPPER DRAINAGE BASIN

o

Grand Ship-
Kendall, Vernal, Gunnison, Junction, rock,

Wvo. Utah Colo. Colo. N.Mex.

Eleva~on above sea level, feet 7,600 5,266 7,683 4,587 4,950
Number of years of record 28 52 59 60 20
Mean annual temperature, degrees 33.3 11-5 37 52 5~.2
Minimum temperature, degrees -52 -38 -47 -21 -1
Maximum temperature, degrees 103 103 105 105 109
Average annual precipitation,

inches 17.3 8.8 10.2 8.9 8.
Average snowfall, inches 138.6 26.0 50.2 9.9
Average number of days between

killing frosts '1'1 118 q') 22'1 1'57
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Histor;y

Settlement

GENERAL DESCRIPTION

Settlement of the upper drainage basin began in 1854 when Mormon
pioneers established Old Fort Supply in Wyoming on their immigrant trail
and diverted water from Blacks Fork onto adjacent land. Breckenridge,
Colo., on the basin's eastern rim was settled in 1859 by miners and pros­
pectors pushing over the mountains from older mining districts on the
eastern slope of the Continental Divide. Within the next decade other
mining camps were established nearby. Unsuccessful miners turned to
farming and supplied agricultural products to the mining communities.
Settlement grew downward from the mountains to the valleys, the advance
being slowed somewhat by conflicts with the Indians who occupied the
territory. Grand Junction, Colo., now the largest community in the
upper drainage basin, was not settled until 1882.

The greater part of the Uinta Basin in northeastern Utah was estab­
lished as an Indian reservation in 1861 and lands unoccupied by Indians
were not opened to settlement until 1905. Most lands of agricultural
importance in the San Juan River Basin in Colorado, New Mexico, and
Arizona were once included in Indian reservations, and substantial areas
are st ill under Indian control. The United States, however, purchased
3 million acres from the Indians in 1873 and in 1899 opened to white
settlers reservation land unoccupied by Indians. Some Indian allotted
lands have been purchased by individual whites.

POI'ulation

The Upper Colorado River Drainage Basin is sparsely populated. ThE;
1940 census showed 286,450 people in the basin. The average density was
2.6 persons a square mile compared with a National average of 44.2 persons
a square mile. The 1940 populat ion was a 11ttle more than double that of
1900. The growth over the 40-year period was slightly faster than the
National average but far slower than the average for the western States.
A substantial increase in population is expected to be shown by the 1950
census primarily because of the accelerated development of mineral
resources in the last 10 years. The population of the upper drainage
basin by decades is shown below.

~ Population

1900 131,500
1910 191 ,930
1920 223,150
1930 224,300
1940 286,450

3
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About 92 percent of the people in the upper drainage basin are white.
Of the non-whites, Indians are in greatest number. In 1940 about 20,000
Indians lived in the San Juan River Basin and about 1,200 in the Uinta
Basin.

The six largest towns in the upper drainage basin with their 1940
and 1950 populations are listed below,

Town
Population

1940 1950

Grand Junction, Colo.
Rock Springs, Wyo.
Durango, Colo.
Price, Utah
Montrose, Colo.
Delta, Colo.

12,470
9,827
5,887
5,214
4,764
3,717

14,454
10,785

7,437
5,999
4,848
4,077

The growth of Grand Junction, Montrose, and Delta is largely
attributable to Federal reclamation projects constructed early in the
century. Federal reclamation projects also have been important factors
in the economy of Durango and Price. Durango, Price, and Rock Springs,
however, depend primarily on mining and railroading. Farmington, N. Mex.,
is an important agricultural center and is rapidly developing as an oil
and gas producer.

Immediately east of the Upper Colorado River drainage basin is the
most densely populated part of Colorado including Denver, Pueblo, Colorado
Springs, Fort Collins, and other cities and towns. Just west of the
basin are Ogden, Salt Lake City, Provo, and other communities containing
Utah's heaviest concentrations of population. Important population centers
such as Rawlins, Laramie, and Cheyenne, Wyo., and Santa Fe, Los Alamos,
and Albuquerque,N. Mex., also lie adjacent to the Upper Colorado River
Basin.

Industrial Development

Local Industry

Agriculture, particularly livestock ralslng, and mining are the
principal industries of the upper drainage basin. Oil refining, lumbering,
transportation, trade, recreation, and construction are of lesser but
growing importance,

The processing of agricultural products on a small scale is practically
the only manufacturing undertaken in the upper drainage basin. Three
factories process fruits and vegetables and two beet sugar factories are
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in operation. In several farming areas small grain mills produce flour
and other grain products, largely for local use. A few small creameries
and cheese plants also operate in the area.

Industrial development of minerals and exploration for new minerals
have been retarded by the remoteness of large portions of the drainage
oasin froIn industrial and transportation centers. The basin, however,
provides many raw materials for important industrial areas centered at
Denver, Pueblo, Provo, and Salt Lake City.

Large coal fields in the upper drainage basin are being extensively
worked. About 15 million tons of coal were mined in 1943. Oil and gas
are produced in the san Juan River Basin, the Uinta Basin, and in north­
western Colorado. Several producing fields have been developed recently,
and widespread exploration is continuing. Pilot plants are being operated
to determine the best methods of extracting oil from shale. These plants
portend an important industry for the future.

The largest industrial centers of the Intermountain West are located
in Colorado and Utah, immediately east and west of the Upper Colorado
River Drainage Basin. The greater part of these industrial areas may
utilize water from the Upper Colorado River system since by compactdef­
inition these areas are potentially a part of the upper basin. In both
of these adjacent areas fertile agricultural lands support a diversified
agriculture with livestock raising predominating. Agriculture in turn
supports various manufacturing establishments engaged in the processing
of food and kindred products. Both areas have important meat packing and
beet sugar refining plants. Other industries closely related to agri­
CUlture, such as milling and baking and the processing of dairy products,
eggs, poultry, fruits, and vegetables, are prominent. The mining, milling,
and refining of metals and the manufacture of steel are basic industries
in both Colorado and Utah. Oil refineries in each State are sustained in
large measure by crude oil from the Upper Colorado River Drainage Basin. A

great variety of products is manufactured for world trade. During World
War II the industrial areas in both Colorado and Utah were developed on a
broad scale for the manufacture, repair, processing, and storage of military
supplies and equipment.

Transportation and Power

The Union Pacific Railroad crosses the upper drainage basin in Wyoming.
Farther south in Colorado and Utah the basin is crossed by the Denver and
Rio Grande vJestern Railroad which has shipping points at Price and Green­
river, Utah, and at various places along the Colorado, Gunnison, and
Uncompahgre Rivers in Colorado. A narrow-gage branch of the Denver and
Rio Grande Western Railroad connects with the standard-gage line at Alamosa,
Colo., extends west to Durango, Colo., and then continues south to Farmington,
N. Mex. A branch of the Denver and Rio GrandeWestern Railroad enters the
upper drainage basin from the east and terminates at Craig, Colo.
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Pinedale, 1!Jyo., in the extreme north of the drainage basin must
transport its livestock and crops 102 miles to Rock Springs, the nearest
railroad point. Closest rail centers to Vernal, Utah, are Helper, Utah,
105 miles distant, and Craig, Colo., 123 miles distant. Other important
areas in southern and eastern Utah and in the Dolores River Basin in
Colorado are many miles from rail connections.

United States Highways Nos. 6, 30, 40, 50, and 160 extend east and
west across the drainage basin. North-south Highways Nos. 187 and 189
serve the wYoming portion of the basin and Highways Nos. 160 and 550
extend from Crescent Junction, Utah, and Grand Junction, Colo., respec­
tively, into the San Juan 1a-ver Basin. Many Federal, State, and local
highways are interconnected. Good roads have fostered the trucking
systems that serve the area. A few unimproved roads traverse the barren
and badland regions.

Electric generating installations in the Upper Colorado River Drainage
Basin have a total capacity of approximately 120,000 kilowatts. About
9,000 kilowatts is driven by internal combustion engines and the remainder
is divided almost equally between hydroelectric and steam-electric plants.
About two-thirds of the total capacity is in Colorado where hydroelectric
installations predominate. About one-fourth of the basin capacity is in
the Wyoming area, mostly at steam-electric plants owned by two coal mining
companies. In the Utah and New I1exico portions of the basin, internal
combustion installations provide the largest part of the generating capacity.
Power requirements in the coal mining areas near Price, Utah, are supplied
with power transmitted into the basin from the west. Small internal com­
bustion installations provide most of the energy used in the New lvJ:exico
area.

Land Uses

Of the land in the upper drainage basin only about 22 percent is
privately owned. The remaining 78 percent is owned/by either the county,
State, or Federal Government or by Indians. The approximate pattern of
land use is shown below.

Irrigated land
Cultivated without irrigation
Grazing land:

Publicly owned
Privately owned
State and county owned
Indian reservations

National forests
National parks and monwnents
l~scellaneous areas

Total

6

1,385,000
272,000

29,221,000
8,775,000
2,860,000
8,775,000.

13,378,000
586,300

5,077.700
70,330,000

Percent of
total area

2;0
0.4

41.5
12.5
4.1

12.5
19.0

0.8
7.2

100.0
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About 70 percent of the total land area is classed as grazing land
in the tabulation. Grazing is also extensive on National forest lands
and on other areas so that much more than 70 percent of the total area
is actually grazed. The 1940 United States Census reported 285,000 acres
of irrigated land used as pasture.

The better grazi.ng lands are in the high stream valleys and on the
mountains and foothills. These lands are used for summer grazing of
cattle and sheep, and the scanty vegetation in the lower desert areas
provides winter range for sheep.

Crop land, both irrigated and dry-farmed, comprised only 2.4 percent
of the total acreage in 1939 and only 2.0 percent was actually cropped.

Farming without irrigation is generally unsuccessful in the upper
drainage basin because of the uncertain rainfall. It is practiced,
however, to some extent in the Yampa and White River Basins. Favorable
climatic conditions in the past few years together with high prices have
encouraged expansion of dry farming in the Dry Side area of the LaPlata
River Basin and on the upland mesa between Cortez, Colo., and Monticello,
Utah. In general, at altitudes where rainfall is sufficient during the
summer to grow crops without irrigation, the season is too short for
crops to mature.

Irrigation

Numerous tributary streams in the upper drainage basin have been
diverted to irrigate meadows in mountain valleys and more general farm
lands in broader valleys at the base of the mountains. About 1,385,000
acres are now irrigated in the upper basin distributed among the States
as follows: Arizona) 10,000 acres; Colorado, 791,000 acres; New Mexico,
43,000 acres; Utah 304,000 acres; and Wyoming, 237,000 acres.

Many of the larger irrigation projects have been undertaken with
Federal assistance. The Bureau of Reclamation has constructed or is
constructing nine projects to utilize water in the upper basin. The
increase in areas irrigated by reclamation projects is illustrated below.

Year
1910
1920
1930
1940
1946

7

Acres irrigated in
upper drainage basin

24,000
74,500
81,200

166,600
209,500
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About 200,000 acre-feet of water is exported annually from the upper
drainage basin for use in adjacent areas where local water supplies are
inadequate. The exportations are made largely through five Bureau of
Reclamation projects and the city of Denver systems that convey water to
adjacent areas to the east, southeast, and west. When projects now
authorized are fully constructed, and when existing systems are expanded
to utilize their full water rights, a total of about 680,000 acre-feet
will be exported annually. .

Other Water Uses

~cause of the sparse sett+ement in the upper drainage basin, present
domestic and municipal water requirements are relatively small and are
usually supplied from local sources. As a rule water for the livestock
which graze throughout the area is provided directly from natural springs
and streams. Industrial requirements for water are presently insignifi­
cant but could become important, particularly in the processing of oil
shale, coal, and wood pulp. The small beginning made in the development
of hydroelectric power resources is almost wholly in Colorado. Mountain
streams throughout the basin provide excellent trout fishing, and
streams, lakes, and reservoirs are recreational attractions.

Local flood dam--' frequently occurs along tributary streams, but
the lower stretches o~ che river and its major tributaries are confined
in deep and barren canyons where floods can do no damage. From these
lower regions, however, and particularly from the San Juan Basin, enormous
quantities of sediment enter the river. The sediment is now carried to
Lake Mead in the lower basin, constantly decreasing the storage capacity
of this reservoir formed by Hoover Dam. The tremendous capacity of
Lake Mead could retain the sediment for many years but potential lower
basin reservoirs with smaller capacities at Bridge Canyon and Marble
Canyon upstream from Lake Mead would soon be filled unless the sediment
is controlled by other upstream structures.

Undeveloped Resources

Mineral resources of the Upper Colorado River Drainage Bas~n are
varied and extensive. Reserves of bituminous and sub-bituminous coal
are roughly, estimated at 400 billion tons or about a third of al~ the
known coal deposits in the United States and one-sixth of those in the
world. Some of this coal is below present mineable depths, but mineable
reserves alone equal nearly one-fourth of the country's total 'deposits.

Oil and gas have been discovered in more than 40 widely distributed
fields in the upper drainage basin. Development has been accelerated in
recent years. Extensive oil shale deposits are estimated to contain
80 percent of the recoverable oil in shale in the United States. Impor­
tant deposits of bituminous sandstone and rare hydrocarbons are also
f'ound.
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The upper draina6e basin is the leading domestic source of vanadium,
uranium, molybdenum, and radium ore. Zinc, lead, silver, and gold are
commercially important. Estimated reserves of phosphate rock amount to
a total of 1.6 billion tons, part of which could be mined by open-pit
methods.

Timber stands are widely distributed over the upper drainage basin
but are most heavily concentrated in western Colorado. Present develop­
ment is largely for local uses. A large pulping plant is planned.

The upper drainage basin contains more than a million and a half
acres of arable dry land. Only about 272,000 acres, however, are capable
of producing crops without irrigation. Extensive good land in adjoining
areas now receives some water from the Colorado River system, Additional
diversions are desired for this land.

The extent of the upper drainage basin's water resources is indicated
by an estimated 32-year average virgin or undepleted flow at Lee Ferry of
15,63g,000 acre-feet annually. Average depletions from present and author­
ized water uses, including exportations from the drainage basin, are esti­
mated at a total of 2,54g,000 acre-feet annually. These depletions will
leave an actual average yearly flow at Lee Ferry of 13,090,000 acre-feet.
Under the terms of the Colorado River Compact and the Mexican Water Treaty
nearly 5 million acre-feet of this amount will be available for further
development in t he upper basin.

Tributary streams as they descend from their mountain sources offer
numerous oDportunities for the development of hydroelectric power. By
far the greatest opportunities for power development are on the main
river and its major tributaries which flow for many hundreds of miles
deeply entrenched in narrow canyons,

Economic Conditions

General Conditions

The prosperity of agriculture in the Upper Colorado River Drainage
Basin generally reflects the prosperity of the livestock industry, the
dominant agricultural pursuit. With vast areas of fine range land avail­
able for summer grazing, livestock production is limited by the production
of hay for winter feed. Hay production, in turn, is determined largely
by the irrigation supply, and in many instances the supply is undependable
because of lack of reservoirs for stream regulation. Drouth periods of
the past have brought hardship to the livestock industry and to agriculture
generally. In these periods relief loads have been unusually high, For
the past decade high agricultural prices and favorable water supplies
have been responsible for general prosperity on farms and ranches. A
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notable exception is the case of the Navajo Indians in the San Juan River
Basin where extensive outside help has been necessary to allay conditions

~ of ab ject poverty.

Intensified development of mineral resources in recent years has
created new employment opportunities, including off-the-farm work for
many farmers. The increase in population resulting from new job oppor­
tunities has created new marlcets for locally produced and imported products,
has taxed municipal facilities and water supplies in several areas, and
has increased demands for electric energy. 'Raw materials are stimulating
industrial activities in areas adjoining the upper drainage basin, parti­
cularly areas near Denver, Pueblo, Provo, and Salt Lake City.

Community Needs

The development of water resources is a critical need of the upper
drainage basin. Dependable irrigation supplies are needed to stabilize
existing agriculture and to make productive tracts of arable dry land
that now yield only scanty range forage. Water, and the power that can
be generated by water, are required to serve the growing population and
to aid in the processing of the upper basin's vast mineral resources.
Farm lands, industries, and municipalities in adjoining areas that by
definition are potentially parts of the upper basin are in need of water
from the Colorado River. These adjoining areas also urgently need electric
energy that could be generated in the canyons of the Colorado River and
its tributaries.

Water Compacts and Treaty

Two compacts between interested States and a treaty between the
United States and Mexico govern the division of Colorado River waters.
The Colorado River Compact of 1922 allocates waters to the upper and
lower basins. Waters allocated the upper basin are divided among the
States in the upper basin by the Upper Colorado River Basin Compact of
1949. The Mexican lrJater Treaty of 1945 defines Mexico 's rights to the
use of water from the Colorado River system.

Colorado River Compact

The Colorado River Compact, signed November 24, 1922, and subsequently
ratified by all signatory States and approved by Congress, has often
been referred to as the llla\1 of the river. II

Articles II and III of the Colorado River Compact are of parti~ular

significance and are quoted in full as follows:
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ARTICLE II

GENERAL DESCRIPTION

"As used in this compact:
n(a) The term 'Colorado River system l means that portion of the

Colorado River and its tributaries within the United States of
America.

"(b) The tenn 'Colorado River Basin' means all of the drainage
area of the Colorado River system and all other territory within
the United States of America to which the waters of the Colorado
River system shall be beneficially applied.

n(c) The term tStates of the upper division' means the States of
Colorado, New Mexico, Utah, and ~~oming.

n(d) The term tStates of the lower division! means the States of
Arizona, California, and Nevada.

,,( e) The term tLee Ferry! means a point in the main stream of
the Colorado River 1 mile below the mouth of the Paria River.

n(f) The term tUpper Basin l means those parts of the States of
Arizona, Colorado, New Mexico, Utah, and 'Wyoming within and from
which waters naturally drain into the Colorado River system above
Lee Ferry, and also all parts of said States located without the
drainage area of the Colorado River system which are now or shall
hereafter be beneficially served by waters diverted from the
system above Lee Ferry.

lI(g) The term !Lower Basin' means those r:arts of the States of
Arizona, California, Nevada, New Mexico, and Utah wi thin and from
which waters naturally drain into the Colorado River system below
Lee Ferry, and also all parts of said States located without the
drainage area of the Colorado River system which are now or shall
hereafter be beneficially served by waters diverted from the system
below Lee Ferry.

lI(h) The term !domestic use' shall include the use of water for
household, stock, municipal, mining, milling, industrial, and other
like purposes, but shall exclude the generation of electrical power.

ARTICLE III

lI(a) There is hereby apportioned from the Colorado River system
in perpetuity to the upper basin and to the lower basin, respec­
tively, the exclusive beneficial consumptive use of 7,500,000 acre­
feet of water per annum, which shall include all water necessary
for the supply of any rights which may now exist.

"(b) ,In addition to the apportionment in paragraph (a), the lower
basin is hereby given the right to increase its beneficial consump­
tive use of such waters by 1,000,000 acre-feet per annum.

"(c) If, as a matter of international comity, the United States
of America shall hereafter recognize in the United States,of Mexico
any right to the use of any waters of the Colorado River system,
such waters shall be supplied first from the waters which are
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surplus over and above the aggregate of the quantitiee specified
in paragraphs (a) and (b); and if such surplus should prove
insufficient for this purpose, then, the burden of such deficiency
shall be equally borne-by the Upper Basin and the Lower Basin, and
whenever necessary the States of the Upper Division shall deliver
at Lee Ferry water to supply one-half of the deficiency so recog­
nized in addition to that provided in paragraph (d).

U(d) The States of the upper division will not cause the flow of
the river at Lee Ferry to be depleted below an aggregate of
75,000,000 acre-feet for any period of 10 consecutive years reckoned
in continuing progressive series beginning with the first day of
October next succeeding the ratification of this compact.

U(e) The States of the upper division shall not withhold water,
and the States of the lower division shall not require the delivery
of water, which can not reasonably be applied to domestic and
agricultural uses.

"(f) Further equitable apportionment of the beneficial uses of
the waters of the Colorado River system unapportioned by paragraphs
(a), (b), and (c) may be made in the manner provided in paragraph
(g) at any time after October 1, 1963, if and when either basin
shall have reached its total beneficial consumptive use as set out
in paragraphs (a) and (b).

"(g) In the event of a desire for further apportionment as pro­
vided in paragraph (f) any two signatory States, acting through
their governors, may give joint notice of such desire to the gov­
ernors of the other signatory States and to the President of the
United States of America, and it shall be the duty of the governors
of the signatory States and of the President of the United States
of America forthwith to appoint representatives, whose duty it shull
be to divide and apportion equitably between the upper basin and
lower basin the beneficial use of the unapportioned water of the
Colorado River system as mentioned in paragraph (f), subject to
the legislative ratification of the signatory States and the
Congress of the United States 'of America. U

Mexican Water Treaty

The treaty between the United States of America. and the United States
of Mexico, effective November 8, 1945, allots to Mexico a guaranteed
annual quantity of 1,500,000 acre-feet to be delivered in accordance with
a schedule specifically set out in the treaty. When the United States
Section of the International Boundary Commission decides that there is
a surplus of water in the Colorado River in excess of the amount necessary
to supply uses in the United States and the guaranteed quantity of
1,500,000 acre-feet allotted to MeXiCO, the United States, by the express
terms of the treaty, would undertake to provide a total quantity of
1,700,000 acre-feet to Mexico. Provision is made in the treaty for
reduction of the guaranteed quantity to be delivered to Mexico in the
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event of extraordinary drought or serious accident to the irrigation
system in the United States.

Upper Colorado River Basin Compact

By the Upper Colorado River Basin Compact, approved by Congress
April 6, 1949, the use of water apportioned the upper basin under the
Colorado River Compact is divided among the upper basin States. The
upper basin compact also establishes the obligations of each State of
the upper division with respect to the deliveries of water requir~ to
be made at Lee Ferry by the Colorado River Compact.

Article III of the compact, part of which is quoted below, provides
for the apportionment of the consumptive use of water.

H(a) Subject to the provisions and limitations eontained in
the Colorado River Compact and in this ~mpact, there is hereby
apportioned from the Upper Colorado River system in perpetuity to
the States of Arizona, Colorado, New Mexico, Utah, and Wyoming,
respectively, the consumptive use of water as follows:

(1) To the State of Arizona the consumptive use of 50,000
acre-feet of water per annum.

(2) To the States of Colorado, New Mexico, Utah, and
Wyoming, respectively, the consumptive use per annum of the
quantities resulting from the application of the following
percentages to the total quantity of consumptive use per
annum apportioned in perpetuity to and available for use each
year by the upper basin under the Colorado River Compact and
remaining after the deduction of the use, not to exceed 50,000
acre-feet per annum, made in the State of Arizona.

State of Colorado • 51. 75 per cent,
State of New Mexico 11.25 per cent,
State of Utah. . • 23.00 per cent,
State of Wyoming . 14.00 per cent. H

Article IV outlines certain principles to be applied in determining
the extent to which each State of the upper division will be required to
curtail its apportioned consumptive use if a curtailment is necessary
to permit the States to meet the Lee Ferry flow obligations provided in
Article III of the Colorado River Compact.

Article V pertains largely to the charging of storage losses.
Paragraph (c) of this article, quoted below, is concerned with the use
of reservoir sites and is of importance in the development of the water
resources of the States of the upper division.

"( c) In the event the Commission finds that a reservoir site
is available both to assure deliveries at Lee Ferry and to store
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water for consumptive use in a State of the Upper Division,
the storage of water for consumptive use shall be given pref­
erence. Any reservoir or reservoir capacity hereafter used
to assure deliveries at Lee Ferry shall by order of the Com­
mission be used to store water for consumptive use in a State,
provided the Commission finds that such storage is reasonably
necessary to permit such State to make the use of the water
apportioned to it by this Compact. If

Article VI,quoted below, provides for a determination of the quantity
of the consumptive use of water for the upper basin and for each State
of the upper basin.

"The Commission shall determine the quantity of the consumptive
use of water, which use is apportioned by Article III hereof, for
the ~pper hasin and for each State of the upper basin by the
inflow-outflow method in terms of man-made depletions of the
virgin flow at Lee Ferry, unless the Commission, by unanimous
action, shall adopt a different method of determination."

Article VIII creates an interstate administrative agency to be known
as the Upper Colorado River Commission. This article provides that the
co~~ission be composed of one commissioner representing each of the States
of the upper division, designated or appointed in accorQance with the
laws of each such State and, if designated by the President, one
Commissioner representing the United States of America.

In anticipation of projects which require diversion and storage of
water in one State for use in another State, Article IX is included in
the compact. This article, part of which is quoted in the following
paragraphs, is of significance to the Colorado River Storage project
because, as to the appropriations of Colorado River water, it supersedes
existing statutory law in some of the upper basin States which/deny the
right to divert water in one State for use in another State. .

"( a) No State shall deny the right of the United States of
America and, subject to the conditions hereinafter contained, no
State shall deny the right of another signatory State, any person,
or entity of any signatory State to acquire rights to the use of
water, or to construct or participate in the construction and use
of diversion works and storage reservoirs with appurtenant works,
canals and conduits in one State for the purpose of diverting,
conveying, storing, regulating, and releasing water to satisfy the
provisions of the Colorado River Co~pact relating to the obligation
of the States of the upper division to make deliveries of water
at Lee Ferry, or for the purpose of diverting, conveying, storing)
or regulating water In an upper signatory State for consumptive
use in a lower signatory State, when such use is within the
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apportionment to such lower State made by this Compact. Such
rightB shall be subject to the rights of water users, in a State
in which such reservoir or works are located, to receive and use
water, the use of which is within the apportionment to such State
by this Compact. 1I

Article IX also provides for acquisition of out-of-State property
by donation, purchase, or through the exercise of the power of eminent
domain. In addition it provides for administration of water control
facilities in one State for use of water in another State.

Investigations and Reports

Previous Investigations

Investigations of means to develop the waters of the Upper Colorado
River system were started by the Bureau of Reclamation in 1902, the year
o~ the Bureau's organization. Within 3 years two major projects in the
upper basin, the Uncompahgre in Colorado and the Strawberry Valley in
Utah, were authorized for construction. A few years later the Grand
Valley project in Colorado also was authorized. No significant action
was then taken until 1928 when Congress, recognizing the need for further
development, wrote into the Boulder Canyon Project Act a directive to
the Secretary of the Interior to make investigations ~nd publish reports
on the feasibility of projects for irrigation, power, and other multiple
uses for the purpose of formulating a comprehensive scheme of control and
the improvement and utilization of the water of the Colorado River and
its tributaries. In accordance with the Congressional mandate, work was
undertaken after 1928 on the tremendous task of classifying lands in the
upper drainage basin, making water supply studies on the numerous tribu­
tary streams, and locating and investigating reservoir and canal sites.
Prior to completion of these studies the Colorado-Big Thompson project
and a few smaller projects were selected for construction. The basin-wide
studies, retarded by the war, were reported in a publication of March
194~entitled The Colorado~, a comprehensive report on the develop­
ment of the water resources of the Colorado River Basin. The report was
later printed as House Document 419, Eightieth Congress, First Session.
The report includes a description of the basin, its natural resources,
heeds, and problems. It describes present developments in the basin and
presents a descriptive inventory of potential developments.

The Colorado River report lists 134 projects as possibilities for
future development of water resources within the natural drainage basin
of the Colorado River. One hundred of these projects are located in the
upper drainage basin. The report also lists potential projects for the
export of water from the Colorado River system to adjoining basins. It
points out that a comprehensive plan of water resources development could
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not be formulated until further detailed investigations were made and
allotments of Colorado River water made to each of the States of the
upper and lower basins. The report provided a basis for compact nego­
tiations among the upper basin States which resulted in their compact
of 1949.

Cooperating with the Bureau of Reclamation in the basin-wide
investigations and contributing to the 1946 report were other agencies
of the Department of the Interior including the Geological Survey,
National Park Service, Fish and Wildlife Service, Grazing Service, Bureau
of Mines, Office of Indian Affairs, and General Land Office. The Forest
Service of the Department of Agriculture and the Federal Power Commission
also contributed to the report.

Scope of Present Investigations

Investigations leading to the present report have been conducted
since 1946 to determine in greater detail than was done in the basin
investigation the most attractive plan for providing river regulation,
sediment retention, power production, and other benefits on the Colorado
River and its major tributaries above Lee Ferry. The investigations have
been carried out in sufficient detail to establish an over-all plan and
to determine its engineering and economic feasibility. The various dams
~nd other related works required by the plan are collectively designated
the Colorado River Storage project.

The main stream investigations have been closely correlated with
concurrent studies made of various projects to utilize the waters of the
Upper Colorado River system for irrigation and other purposes. Corre­
lations have been made from the standpoints of water supply and storage
requirements, and suggested financial relationships have been developed
through which surplus power revenues of the Colorado River Storage project
would be used to assist irrigators in payment of costs of other projects
that would utilize water of the Upper Colorado River system. Projects
that would be so assisted are referred to as "participating projects. II

Detailed reports have been completed on some participating projects and
others are being prepared. All projects authorized subsequent to npprovnl
of the Upper Colorado River Basin Compact that would consume water of
the Upper Colorado River system are considered to be dependent on the
storage project for an assured water supply. Such projects therefore are
designated "dependent projects."
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r ~ A N 0 F D EVE LOP MK N T

The Colorado River storage project would provide the long-time
regulatory storage needed to permit States of the upper division to
~eet their flow obligation at Lee Ferry, as defined in Article III (d)
of the Colorado River Compact, and still utilize their apportioned water.
During periods of low stream flow, the States would release storage
water to meet the Lee Ferry flow obligation and in exchange they would
divert upstream flow for use in the upper basin. The project would
provide some storage water for direct use in the ~pper basin. In addi­
tion, the project would control sediment, abate floods, facilitate rec­
r~tional development, and aid in fish and wildlife conservation. It
also would permit production of a substantial amount of the electric
energy needed in the upper basin and adjacent areas. Revenues from the
sale of project-generated power would be sufficient to pay all reimbursable
Colorado River Storage project costs and to assist irrigators in payment
of costs of other projects that would utilize waters of the Upper Colorado
River s,ystem.

Colorado River storage Project

Project Works'

Eight major storage dams and two high dams providing only minor
storage would be constructed on the Colorado River and its principal
tributaries above Lee Ferr,r. The reservoirs formed by the dams would
have a total capacity of 48,555,000 acre-feet. Power plants and other
appurtenant facilities would be provided at each dam and necessary trans­
mission lines would be built.

The highest dam and the one creating more initial storage capacity
than all others combined would be the Glen Canyon Dam of the Glen Canyon
u:ni.t. This dam, only 17 mile s upstream from Lee Ferry, would be a key
structure in controlling water releases to the lower basin and in impound­
ing the heavy silt accumulations which enter the river in the southern
part of the upper basin. It is the only dam planned on the Upper Colorado
River proper.

Four of the dams"'would be on the Green Ri:ver. In order, moving
upstream, these would be the Gray Canyon Dam of 'the Gray Canyon unit,
Split Mountain Dam of the Split Mountain unit, Echo Park Dam of the Echo
Park unit, and the Ashley Dam of the Flaming Gorge unit. The Split
Mountain Dam would provide no active storage capacity and would be useful
primarily for- power" gener-ati.on" .with stream regulation·'provided·by·the
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CHAPI'ER II PLAN OF DEVELOPMENT

Echo Park Dam only 21 river miles upstream. The Echo Park Dam, located
3 river miles below the junction of the Green and Yampa Rivers, would
back water up both streams, creating the system1s second largest reser­
voir. Above Echo Park on the Yampa River would be the Cross Mountain
Dam,

The Whitewat.er Dam of the hhitewater unit would be located on the
Gunnison River 15 river miles above Grand Junction, Colo, Above the
Whitewater Dam would be Crystal Dam of the Crystal unit which would have
limited storage and the Blue iviesa Dam of the Curecanti unit which would
provide storage regulation for its own and the Crystal power plants.
The Navajo Dam of the Navajo unit would be located on the San Juan River
about 19.5 river miles upstream from Blanco, N, Mex.

Locations of the potential project units are shewn on the profile
on the following page~ The profile also shows the locations of existing
and potential developments in the lower basin. Detailed data on the
structures included in the various project units are given in Chapter
III, Designs and Estimates. .

Regulatory Storage

A capacity of 23,000,000 acre-feet would be reserved in project
reservoirs for long-time regulatory storage. The water stored would be
released as needed in drouth periods to meet the compact obligation at
Lee Ferry, The reservoir s would be refilled during years of favorable
water supply.- In a dry decade such as that of 1931-1940, release of the
entire 23,000,000 acre-feet would be necessary to meet the Lee Ferry
obligation. A storage release in that amount would be necessary even
if water uses in the upper basin were naturally curtailed by the drough,
resulting in a depletion at Lee Ferry somewhat less than the compact­
permitted 7,500,000 acre-feet annually.

Present flows in the upper basin are adequate to meet the ID-year
Lee Ferry obligation, Vdthin 20 or 25 years, however, the depletions are
expected to increase to the extent tha. t curtailment of c onsumpt i ve uses
will be necessary in protracted dry periods unless some storage water
is available for delivery to the lower bctsin. If the required storage
works are to be available when needed, steps toward construction should

,be taken immediately. An extended construction period will be required
and the reservoirs should be filled initially while unused apportioned
water is available. The amount of storage capacity, if any, required
for assistance in the administration of the kexican Water Treaty cannot
be determined at this time. The plan outlined herein does not provide
for, nor preclude, storage for this purpose. It is assumed, however,
that any additional water required at Lee Ferry for ~exican use will be
made available by applying the principles of curtailment outlined in
Article IV of the Upper 'Colorado River Basin Compact.
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CHAPTER II PLAN OF DEVELOPMENT

Irrigation and Other Water-Consuming Uses

Reservoirs planned for the Colorado River Storage project would be
located too low on the streams to provide water directly to major segments
of lands and to industrial centers in the upper basin. In some instances,
however, direct uses would be possible. At the Flaming Gorge Reservoir,
for instance, an inactive storage pool of almost a million acre-feet
would be maintained to permit a gravity diversion to the Uinta Basin as
contemplated under the Central Utah project. Also, a considerable amount
of active capacity in the reservoir would be provided for regulation of
the water reserved for direct diversion. As an alternative, water for
the Uinta Basin could be provided by pumping from Echo Park Reservoir.
Gunnison River water could be diverted from Whitewater Reservoir above
an inactive storage pool of 410,000 acre-feet and conveyed to Grand Valley
to replace water now provided from the Colorado River. In exchange, the
Colorado River water would become available to potential upstream de­
velopments including export diversions. Active capacity in the Whitewater
Reservoir would be required to provide regulation for the replacement
diversion. The entire active capacity of the Navajo Reservoir would
eventually be required to regulate San Juan River water for potential
developments both upstream and downstream on the San Juan River. Water
from the Navajo Reservoir could directly supply the Shiprock project
(Indian), the South San Juan project, or by exchange it could benefit
possible projects for the exportation of water to the Rio Grande River
Basin in Colorado and New Mexico,

Capacities in the Flaming Gorge, ~bitewater, and Navajo Reservoirs
reserved to regulate water for use in the upper basin, if not required
immediately for that purpose, c'ould serve in the interim to facilitate
the generation of electric energy.

As additional investigations are made, it may be found desirable
to use other Colorado River Storage project reservoirs to store water
for irrigation and other consumptive uses in the States of the upper
division. Preference to the use of reservoirs for such storage is given
in Article V (b) of the Upper Colorado River Basin Compact over the use
of reservoirs for assurance of deliveries at Lee Ferry.

Sediment Control

A total capacity of about 20,000,000 acre-feet would be provided in
project reservoirs to accommodate the sediment that would be deposited
in a period of 200 years. With reduced erosion of the watersheds by
improved practices of land manageJnent agencies, the period of protection

. against sediment encroachment would be extended. In the future it may
also be desirable to develop other sediment storage sites in the upper
basin.
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CHAPTER II PLAN OF DEVEWF&ENT

lv,ore than three-fourths of the sediment in the river will enter the
river below all potential reservoirs except Glen Canyon. Fortunately,
ample sediment storage capacity can be economically devel('\ped in the Glen
Canyon Reservoir to protect present and future reservoirs in the lower
basin from sediment encroachment. Next largest capacities for sediment
retention would be provided at the Flaming Gorge and Gray Canyon Reser­
voirs on the Green River.

\,
\

A part of the sediment would be carried into the lower levels
the reservoirs where it would occupy inactive reservoir capacity.
major part, however, would settle in shallower reservoir areaS and
the active capacity useful for other purposes.

Power Production

of
The
reduce

Power plants would be ins~alled as project features to utilize the
regulated river flows and the hydrostatic heads at project dams for the
generation of electric energy. The plants would have a total generating
capacity of 1,622,000-kilowatts. Initially, with all the units in
coordinated operation, they would have a firm annual output of about
9,000,000,000 kilowatt-hours and with ultimate development in the upper
basin they would have a firm annual output of about 6,000,000,000 kilowatt­
hours.

Hydrostatic heads at the dams would vary with changes in reservoir
content. Minimum power pool elevations, however, would be maintained at
project reservoirs. To aid in creating power heads a minimum inactive
capacity of about 11,000,000 acre-feet would initially be provided.
Although more than 8,000,000 acre-feet of this capacity would eventually
be occupied by sediment, it would still be useful in maintaining the
power heads. Until needed for river regulation, the active capacity
would also be used to assist in power production.

Participating Projects

In general, future projects for irrigation and other water-consuming
uses in the upper basin will be complex and expensive to construct since
the most dependable water supplies and the most favorable construction
sites are already developed. New proj ects, as a rule, will require indivi­
dual storage reservoirs in addition to the large regulatory reservoirs
of the Colorado River Storage project. In many instances, the new pro­
jects will require the construction of long tunnels and siphons or canals
over difficult terrain.

Because of their relatively high cost, the irrigation features of
most of the projects could not be paid for by those who would benefit
directly. The far-reaching indirect benefits, however, would justify
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CHAPTER II PLAN OF DEVELOPMF.NT

the giving of financial assistance from other sources. Such assistance
could be provided from power revenues of the Colorado River Storage proj­
ect. A suggested financial arrangement requiring the establishment of
the Upper Colorado River Account and qualifying criteria for participat­
ing projects are discussed in the chapter, Financial Analysis. Projects
suggested by the States of the Upper Colorado River Basin for early
assistance from the account include the Eden and Paonia, now under con­
struction, and the Central Utah (initial phase), Emery County, Florida,
Hammond, LaBarge, Lyman, Pine River extension, Seedskadee, Silt, and
Smith Fork.
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CHAPTER III

DESIGNS AND ESTIMATES

PROJECT WORKS AND COSTS

The following discussions describe features in each unit of the
Colorado River Storage project and give estimates of project construction
costs and annual operation, aaintenance, and replacement costs.

Designs and estimates for the Echo Park, Glen Canyon, and Whitewater
units were made from extensive data obtained from preliminary field
investigations. Field surveys have not yet been completed for the other
units and therefore their designs and estimates were based on data from
reconnaissance investigations. More detailed designs will be made of
project features as additional basic data are obtained. Estimates of the
project costs are not expected to increase as a result of the detailed
designs.,

Estimated costs are based on December 1949 prices which are essentially
the same as current prices, The estimated construction costs include costs
of overhead, contingencies, and preconstruction investigations. The
replacement costs were computed on a sinking fund basis at 3 percent interest
over a 50-year period •

Cross Mountain Unit

Dam and Reservoir

Cross Mountain Dam would be located in Moffatt County in north­
western Colorado, approximately 4 miles north of the settlement of
Cross Mountain, Colo., and about 50 nules west of Craig, Colo. The dam
would be situated near the head of Cross Mountain Canyon on the Yampa
River 58.5 river miles upstream from the river's confluence with the
Green River and 7 miles upstream from its confluence with the Little
Snake River.

The dam would be a concrete, gravity structure ,rising 295 feet above
the river and 355 feet above the bedrock foundation. The crest would be
at elevation 6,095 feet, where the length between canyon walls is 550
feet. Five feeto! fr.eeboard would be provided over the maximum water
surface elevation of 6,090 feet.
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Cross Mountain Unit

Cross 1'1Ountain Reservoir would have a total initial capacity of
5,200,000 acre-feet, including an active capacity of 4,200,000 acre­
feet and an inactive capacity of 1,000,000 acre-feet. In 200 years
silt deposits would reduce the active capacity to 4,030,000 acre-feet
and the inactive capacity to 887,000 acre-feet. When filled to capacity,
the reservoir would have a water surface area of 52,200 acres and it
would extend about 76 river miles upstream, nearly to the town of Craig.

Diversion, spillway, and outlet works. During construction of the
dam the Yampa River would be diverted through a tunnel in the right
abutment. The tunnel would have a capacity of about 10,000 second-feet.

The spillway would be a controlled-type structure with a capacity
of 45,000 second-feet. It would discharge into an inclined tunnel /
leading to the diversion tunnel. Control of the spill would be provided
by two 20-foot by 70-foot gates over a crest at elevation 6,070 feet.

River outlet works of 5,000 second-foot capacity would be provided
through the dam.

Power Features

The power plant would be located at the lower end of Cross Mountain
Canyon, about 3 miles downstream from the dam. The water would be con­
ducted from the reservoir to the power plant through a tunnel cut
through rock on the left, or south, side of the river. The tunnel
would be 17~5 feet in diameter and 11,700 feet in length.

Two 30,000-kilowatt generating units would be installed in the
power plant. They W)uld operate under a mean head of about 400 feet.
About 150 feet of t he head would be gained in the river gradient
through the canyon below the dam. The initial energy generation of
the Cro ss Mountain plant with all the project unit s in coordinated
operation would amount to about 330,000,000 kilowatt-hours annually.
With ultimate upstream depletions approximately 310,000,000 kilowatt­
hours could be produced annually. Tailwater elevation at the power
plant wo uld be about ?,650 fee t •

Transmission facilities would be constructed as necessary to dis­
tribute the electric energy produced to various load centers and inter­
connection points.

Access

The upper end of Cross Mountain Canyon can now be reached over a
4- or 5-mile long dirt road which extends north from United States
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Cross Mountain Unit

Highway No. 40 at the settlement of Cross Mountain. The distance from
the upper end of the canyon to the dam site, about 3,000 feet must be
traveled by foot. An access road for construction purposes would follow
the general route of the existing dirt road over gently rolling terrain.
After entering the canyon, the road would follow the river to the dam
site.

Rights-of-Way and Relocation

The reservoir area contains 3,150 acres of farm land and three
small centers of population, Sunbeam, Maybell, and Juniper Springs, with
a combined population of about 100. United States Highway NOe 40 and
an oil pipe line cross the reservoir area and would require relocation.
The length of each of these facilities within the reservoir area is
approximately 20 miles. In connection with the relocation of the pipe
line, a pumping station at Sunbeam, consisting of six diesel units, would
also have to be moved.

Geolo~

Geological conditions at the Cross Mountain Dam site are favorable
for construction of the type of dam contemplated. The foundation bed­
rock is quartzite and quartzose sandstone of the highest quality. The
bedrock, however, contains some open fractures which would require grout­
ing. Foundation drilling showed the maximum depth of river fill to be
45 feet. The drilling disclosed no unfavorable geologic conditions
except the rock fractures. The general quality of the rock is excellent.
After grouting of the fractures the bearing capacity of the foundation
would be high and entirely competent to support either a gravity- ,or
arch-type concrete dam.

Suitable construction materials can be found along the banks of
the Yampa River near Sunbeam, about 11 miles upstream from the dam site.
Riprap is available in unlimited quantities immediately downstream from
the dam site.

Cost Estimates

Estimated costs of the Cross Mountain unit, based on December 1949
prices, are summarized in the table on the following page.
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CroGG Mountain Unit

ESTIMATED COSTS OF CROSS MOUNTAIN UNIT
Annual costs

~peration and
. C@l1struction maintenance Replacement

Feature costs costs costs Total

Dam'and reservoir $22, 700,000 $ 27,000 $ 4,700 $ 31,700
Access road 300,000
Rights-of-way and

relocation 7,900,000
Construction camp 500,000
Power plant 6,300,000 122,300 56,200 178,500
Power tunnel 5,200,000
Transmission system 8 100.000 113 000 91. 500 204.500

Total I $51.000 000
"

$262.300 $152.400 . .JI414. 700

Crystal Unit

Dam and Reservoir

Crystal Dam would be located on the Gunnison River about 14 miles
east of Montrose, Colo.

Crystal Dam would be a concrete, gravity-type structure. It would
rise 305 feet above the river and 355 feet above the assumed bedrock
foundation. The crest would be at elevation 6,875 feet, 5 feet above
the maximum water surface elevation. The distance between the canyon
walls at the crest elevation is about 620 feet o

Crystal Reservoir would have a capacity of 40,000 acre-feet. The
entire capacity is considered inactive since it would serve only to
Inaintain a power head and to regulate the hourly and daily releases
from the Curecllilti Reservoir. Because of its location below Curecanti
Reservoir, the Crystal Reservoir would not receive significant quantities
of sediment. When full, Crystal Reservoir would cover about 560 acres
and would extend about 10 river Iniles up the Gunnison River.

Diversion. spillway. and outlet works. A tunnel with a capacity of
22,500 second-feet would be constructed thro1~gh the left abutment to
divert the river flow during construction of the dam.

The spillway, with a capacity of 48,000 second-feet, would discharge
through an inclined tunnel leading to the diversion tunnel. Control of
the spill would be provided by two 26-foot by 50-foot gates over a crest
at elevation 6,844 feet.
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The river outlet works would have a capacity of 2,000 second-feet.

Power Features

The Crystal Power Plant would be located at the toe of the dam.
It would consist of three 16,000-kilowatt generating units operating
under a constant head of about 300 feet. Tailwater elevation at the
plant would be about 6,570 feet. The initial energy generation of the
plant with all project units in coordinated operation would amount to
244,000,000 kilowatt-hours annually. With ultimate upstream depletions
approximately 206,000,000 kilowatt-hours would be produced annually.

Facilities would be constructed to transmit the energy produced
and to interconnect the Crystal plant with other povver plants.

Access

The dam site can now be reached only by foot. For construction
purposes an access road could be built from a point on United States
Highway No. 50. This highway parallels the river 5 or 6 rriles south
of the dam site. The canyon is particularly deep and steep at the dam
site and access is quite difficult.

Rights-of-way and Relocation

Right-of-way costs would be low since the reservoir basin is smBll and
confined to the river channel. There are no facilities of any irr~ortance

which would require relocation.

Geology

The abutments and foundation at the dan. site are igneOUS and meta­
n.orphosed intrusive rocks. The rocks are well exposed, massive, and
unfractured and are considered of excellent quality to support a dam.
Construction materials are limited in the area. InVestigations will be
made to determine the suitability of crushed aggregate taken from the
canyon walls.

Cost Estimates

Estimated costs of the Crystal unit, based on December 1949 prices,
are summarized in the table on the following page.
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ESTIMATED COSTS OF CRYSTAL UNIT
Annual costs

Operation and
Construction maintenance neplacement

Ft3ature costs costs costs Total

Dam and reservoir $24, 200,000 $ 2,000 $ 5,000 $ 7,000
Access facilities 1,300,000
Construction can~ 400,000 .
Power plant 5,500,000 105,600 49,000 154,600
Transmission system 6 500 000 90.700 73.200 163.900

Total ;jj)37 900.000 . $1.98.300 $127.200 $325.500

Curecanti Unit

Dam and Reservoir

Blue Mesa Dam, key feature of the Curecanti unit, would be located
on the Gunnison River about 3~ miles downstream from the town of Sapinero,
Colo. The site for this dam has previously been called the Cottonwood
site.

The Blue Mesa Dam would be a concrete, gravity-type structure,
rising 475 feet and 510 feet above the river and bedrock foundation,
respectively. The crest of the dam would be at elevation 7,640 feet,
5 feet above the maximum water surface elevation. At the crest elevation
the distance between the canyon walls is about 1,240 f~et.

Curecanti heservoir formed by the dam would have an initia~ capaD­
ity of 2,500,000 acre-feet, including an active capacity of 2,010,000
acre-feet and an inactive capacity of 490,000 acre-fe~t. In 200 years
silt deposits would reduce the active capacity to 1,979,000 acre-feet
and the inactive capacity to 463,000 acre-feet. When filled to capacity,
the reservoir would cover 18,200 acres and it would extend about 30
river miles upstream to within about a mile of Gunnison, Colo.

Diversion, spillw~y. and outlet works. During construction of the
dam the river flow would be diverted through a tunnel in the right
abutment. The tunnel would provide protection against a flood of
22,500 second-feet. ~fter construction of the dam the diversion tunnel
would be plugged and utilized as part of the spillway.

The spillway, which would have a capacity of 48,000 second-feet,
would be located in the right abutment and would discharge into an
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inclined tunnel leading to the diversion tunnel. Control of the spill
would be provided by two 50-foot by 28-foot gates over a crest at
elevation 7,607 feet.

Outlet works with a capacity of about 2,000 second-feet would be
provided.

Power Features

The power plant would be located at the toe of the dam. It would
consist of three 18,000-kilowatt units and would have a total installed
capacity of 54,000 kilowatts. The plant would operate under a maximum
static head of 470 feet and a mean operating head of about 425 feet.
Tailwater elevation at the power plant would be about 7,165 feet. The
initial energy generation of the plant with all the project units in
coordinated operation would amount to 300,000,000 kilowatt-hours annually.
With ultimate upstream depletions approximately 227,000,000 kilowatt­
hours would be produced annually.

The necessary transmission facilities ~~uld be constructed to dis­
tribute the electric energy produced to various load centers and points
of interconnection.

Access

United States Highway No. 50, which traverses the reservoir area,
would be relocated to provide access to the Blue Mesa Dam site. Colorado
State Highway No. 92 now extends to the dam site from 6L point on Unit ed
States Highway No. 50 at Sapinero, Colo. Portions of the State Highway
and the junction of the State and National highways, however, would be
inundated by the reservoir.

RightS-Of-Way and Relocation

As previously mentioned, United States Highway No. 50 would be
relocated to provide access to the dam. The relocated route would
cross the river over the dam. At one time, the Denver and Rio Grande
Western Railroad operated a narrow gage line through the reservoir area
but this line was recently abandoned. Rights-of-way would be required
for five small towns which lie within the reservoir area, including
Sapinero, Cebolla, lola, Kezar, and Hierro. The cost of the towns'
combined improvements is relatively low.

Geology

Rock structures in the reservoir basin are well consolidated and
therefore no appreciable seepage losses are expected. At the dam site
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Curecanti Unit

no faulting is noted. Local shear and joint planes do exist but these
are not expected to offer significant construction problems. The
rocks forrrdng thQ abutments and foundation at the dam site are of
pre-Cambrian granite, gneiss, and schist. The dam site is consid6red
con(petent to support ei ther a concre te gravi ty- or arch-type dam.

Five holes have been drilled at the dam site. These have shown a
depth of river fill of 15 feet but suggest that the maximum depth may
be about 20 feet o

Investigations indicate that there are sufficient quantities of
suitable construction materials for either an earth-fill or concrete
dam within 11 rrdles of the dam site. All of the borrow areas are
situated along United States Highway No. 50.

Cost Estimates

Estimated costs of the Curecanti unit, based on December 1949
prices, are summarized in the following table.

ESTIMATED COSTS OF CURECANTI UNIT-
Annual costs

Operation and
Construction maintenance Replacement

Feature costs costs costs Total

Dam and reservoir $58,700,900 $ 19,000 $ 12,100 $ 31,100
Highway relocation 7,300,000
Rights-of-way 700,000
Construction camp 900,000
Power plant 5,500,000 112,900 49,600 162,500
Transmission system 7.300.000 102 100 82 400 184.500

Total $80.400 000 $234.000 <iil144.100 ;jj)378-,100

Echo Park Unit

Dam and Reservoir

Echo Park Dam would be located on the Green River about 3 miles
east 'of the Utah-Colorado State line and about 3 miles downstream from
the confluence of the Green and Yampa Rivers.

Preliminary designs for Echo Park Dam are shown on the drawings
on the following pages.
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CHAPTER III DESIGNS .AND ESTH11l.TE,s
Echo Park ~ UptJ.

Echo Park Dam would be a concrete, curved, gravity-type structure.
It would rise 525 feet above the river bed and 690 feet above bedrock.
The crest would be at elevation 5,575 feet, 5 feet above the maximum
reservoir water surface elevation. The crest length would be 920 feet.

The reservoir formed by the dam would have a total initial capacity
of 0,460,000 acre-feet, including an active capacity of 5,460,000 acre­
feet and an inactive capacity of 1,000,000 acre-feet. Over a 200-year
period silt deposits would reduce the active capacity by about 291,000
acre-feet and the inactive capacity by. 247,000 acre-feet. After 200
years the active storage capacity at Echo Park would comprise 20 percent
of the total active storage provided by the project. vJhen filled to
capacity, the reservoir would have a water surface area of 43,000 acres
and it would extend 63 miles up the Green River and 44 miles up the Yampa
River. Most of the reservoir basin would be in narrow canyon sections
and thus a minimum amount of water would be lost through evaporation.
At some later date it may be found desirable to pump water from Echo
Park Reservoir for use in the Uinta Basin of Utah.

Diversion, spillway, and outlet works. A concrete-lined tunnel
would be constructed through the left abutment to divert the river flow
around the dam site during construction. This tunnel would provide
protection against a flood flow of 27,500 second-feet. After construction
of the dam the diversion tunnel would be plugged and utilized as part
of the spillway.

The spillway would have a capacity of 81,500 second-feet. It would
discharge water through an inclined tunnel in the left abutment leading
to the diversion tunnel which, in turn, would carry the water back to
the river channel on the downstream side of the dam. The spill would
be controlled by two 30-foot by 55-foot Stoney gates over a crest at
elevation 5,515 feet.

An outlet works, consisting of an intake tower of the type con­
structed at Hoover Dam and a tunnel through the left canyon wall, would
discharge 20,000 second-feet with the reservoir at maximum water surface
elevation. A temporary outlet valve would be installed in the diversion
tunnel plug to control the river flow until the water level reaches the
sill of the permanent outlet works at elevation 5,325 feet.

Power Features

Echc Park Power Plant would be located at the toe of the dam. The
plant would consist of four 50,000-kilowatt units and would have a total
installed capacity of 200,000 kilowatts. Each generating unit would
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CHAPTER III DESIGNS AND ESTI1~TES

Echo Park Unit

receive water through an individual penstock passing through the dam.
Each penstock would have its own trashrack and gate structure. Initially,
with all the project units in coordinated operation, the plant would
produce 995,000,000 kilowatt-hours annually. With ultimate upstream
depletions approximately 677,000,000 kilowatt-hours would be produced
annually. The plant would operate under a maximum static head of
520 feet and a mean operating head of about 475 feet. Tailwater eleva­
tion at the power plant would be about 5,050 feet.

The necessary transmission facilities would be constructed to
deliver the electric energy produce~to load centers and points of
interconnection.

Geological explorations of the Echo Park Dam and Reservoir sites
were made in 1940 by the Bureau of Reclamation. The investigations
showed the sites to be suitable for the features contemplated. The
foundation and lower part of the abutment walls would be in the Uinta
quartzitic sandstone. The upper part of the abutments would be in the
Lodore sandstone. Both of these rocks possess satisfactory characteristics
for the construction of a high concrete dam. River fill material extends
to a maximum depth of 148 feet. Considerable jointing was found in the
dam site vicinity, but no faults were found. A reasonable grouting
program should effectively seal all paths of seepage.

Deposits of concrete aggregate lie in the Island Park area 8 to
10 miles do"wnstream from the dam site. These deposits have been exten­
sively investigated, and t~sts made on representative samples have
shown aggregate to be of satisfactory quality for use in the construction
of the dam. There is, however, a sho~tage of aggregate in sizes in excess of
3 inches in diameter. Coarse aggregate, however, could be quarried from
limestone formations near the dam site. Investigations will be made of
other construction material sources as a part of the preconstruction
studies.

Access

Preliminary investigations have been completed for an access road
that would extend from Vernal, Utah, on United States Highway No. 40 to
Island Park and that would then continue along the south side of the
Green River through Whirlpool Canyon to the dam site. Other routes will
be studied during the preconstruction surveys. In the investigations
of alternative routes, consideration should be given to the desirability
of routing the road by the construction camp and deposits of construction
materials. Consideration should also be given to the possibility of
locating the road so that it would provide access to facilities of the
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CHAPTER III DESIGNS AND ESTIMATES
Echo Park Unit

Split Mountain unit and permit at least part of the Echo Park construction
camp to be used for the Split Mountain unit.

Rights-of-way and Relocation

Echo Park Reservoir would occupy all of the Yampa and Green River
channels within the Dinosaur National Monument upstream from the dam
site. The original 80 acres of the monument, the area which includes
the fossil deposits and the monument headquarters, would not be affected
by the reservoir or any of the construction features. The reservoir,
however, would open to the public an area now almost inaccessiblee
Rights-of-way for the reservoir would have to be acquired on about 17,000
acres of private or State-owned lands that lie within the exterior
boundaries of the monument. Of the 17,000 acres less than 2,000 acres
are irrigated or otherwise developed for agricultural use. Most of the
developed lands are used for pasture or hay production while the un­
developed land is used princi~lly for grazing. The upper portion of
the reservoir on the Green River would extend about 8 miles into the
Ashley National Forest. Only rights-of-way for privately owned land in
this area would be required.

A few mining claims in the reservoir area have been renewed since
1940, but no mines are nperating. No producing oil wells are located
in the area. No facilities within the area would require relocation.

Cost Estimates

Cost estimates for the Echo Park unit, based on December 1949 prices,
are summarized in the following table.

ESTIMATED COSTS OF ECHO PARK UNIT-
Annual costs

Operation and
Construction maintenance Replacement

Feature costs costs costs Total

Dam and reservoir ~106,700,000 $ 31,000 $ 21,900 ~ 52,900
Access road 10,000,000
Rights-oi-way 100,000
Construction camp 1,800,000
Power plant 19,800,000 280,000 183,200 463,200
Transmission systerr 27,000,000 378,000 305,100 683,100

Total 1lP165.400.000 ~689,000 $510,200 ~l,199,200
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Dam and Reservoir

Flaming Gorge Unit

DESIGNS AND ESTIMATES
Flaming Gorge Unit

Ashley Dam, key feature of the Flaming Gorge unit, would be
located in northeastern Utah about 32 air miles north of Vernal, Utah.
It would be located on the Green River 290 river ~les upstream from
Green River, Utah, and about 32 river miles downstream from the Utah­
vvyoming State line.

Ashley Dam would be a concrete, gravity-type structure, rlslng
440 feet above the river and 491 feet above its bedrock foundation. The
crest would be at elevation 6,045 feet, 5 feet above the maximum water
surface elevation. The distance between the canyon walls at the crest
elevation is about 900 feet.

Flaming Gorge Reservoir formed by the dam would have a total
initial capacity of 3,940,000 acre-feet, including an active capacity
of 2,950,000 acre-feet and an inactive capacity of 990,000 acre-feet.
In 200 years silt deposits would reduce the active capacity to 2,550,000
acre-feet and the inactive capacity to 11,000 acre-feet. When filled
to capacity, the reservoir would have a water surface area of 40,800
acres and would extend 91 miles upstream, to within 3 or 4 miles of the
town of Green River, Wyo.

Diversion, spillway, and outlet works. During the construction
period water would be diverted around the dam site through a tunnel in
the right abutment. The tunnel would have a capacity of 20,000 second­
feet.

The spillway would dischar5e into an inclined tunnel leading to
the diversion tunnel. It would have a capacity of 85,000 second-feet.
Control of the spill would be provided by three 22-foot by 50-foot .
Stoney gates over a crest at elevation 5,990 feet.

Outlet works of 5,000 second-foot capacity would be provided
through the dam.

Power Features

The power plant, located at the toe of the dam, would consist of
three units with a total installed capacity of 72,000 kilowatts. The
plant would operate under a maY~mum head of 435 feet and a mean head of
about 395 feet. Initially, with all the project units in coordinated
operation, 337,000,000 kilowatt-hours would be produced annually. After
all stream flow depletions were made by future upstream developments,
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Flaming Gorge Unit

about 105,000,000 kilowatt-hours would be produced annually. Estimated
tailwater elevation at the power plant would be 5,605 feet.

The necessary transmission facilities would be constructed.

Access

Utah State Highway No. 44 extends 40 miles from Vernal, utah, to
a point about 7 miles from the dam site. From the highway a mountain
road, about 6 miles long, and a foot trail, about 1 mile long, ex-
tend to the site. Improved roads also reach south from Lyrr~n and
Green River to the head of the mountain road. Either the route from
Utah or the one from Wyoming could be used for access to the dam during
the construction period. New construction would be required over the
greater part of either route. Rail facilities are available at Green
River, Wyo., for the approach from the north and at Heber, Utah, or
Craig, Colo., for the approach from the south.

Rights-of-way and Relocation

The lower portion of the reservoir basin lies in the Ashley National
Forest. Only small right-of-way costs in this area would be required
The upper end of the reservoir would reach nearly to Green River, Wyo.,
but would not interfere with any of the city's improvements. A portion
of a secondary road crossing Blacks Fork between Green River, Wyo., and
Manila, Utah, would have to be relocated. No other major work is ex­
pected in connection with relocating facilities in the reservoir area.

Geology

The rock at this dam site belongs to the Uinta formation and con­
sists of hard, massive, purplish-red quartzose sandstone. Bedding
planes are from 1 to 20 feet apart with some minor shale partings.
The geological characteristics at the dam site are satisfactory for the
type of dam contemplated. A fairly prominent system of joints cuts
across the river at the axis. Although some of the joints are open,
they can be successfully sealed with grouting. Drilling in the river
bottom shows the maximum depth of river fill to be 31 feet.

One fairly large gravel deposit, located near the mouth of Gorge
Creek 7 or 8 ·miles downstream from the dam axis, is a possible source
of construction materials. Other deposits arein'the vicinity but will
require further investigation. .

34

'',.{OJ



CHAPTER III

Cost Estimates

DESIGNS AND ESTIMATES
Flaming Gorge Unit

Estimated costs of the Flaming Gorge unit, based on December 1949
prices, are summarized in the following table.

ESTI~~TED COSTS OF FLAMING GORGE UNIT_.. ".

Ar!1'.2.i11 costs
Operation an2f------,,·-

Construction maintenance Replacement
Feature costs costs costs Total

Dam and reservoir $57,700,000 $ 23,600 $ 11,800 $ 35,400
Access facilities 6,500,000
Rights-of-way 200,000
Construction camp 900,000
Power plant 7,700,000 133,900 68,700 202,600
Transmission system 9,700,000 136,100 109,800 245,900

Total $82,700,000 $293,600 $190,300 $483,900

Glen Canyon Uni~

Dam and Reservoir

The Glen Canyon Dam site is located on the Colorado River in
northern Arizona, about 13 river miles downstream from the Utah-Arizona
State line and 15 miles upstream from Lees Ferry.

Preliminary design drawings for the Glen Canyon Dam are shown on
the following pages.

The dam would be a concrete, arch-type structure, rlslng 580 feet
above the river and 700 feet above the bedrock foundation. The crest
would be at elevation 3,715 feet. Ten feet of surcharge, amounting to
about 2,000,000 acre-feet of capacity, would be provided above the normal
water surface. Five feet of freeboard would be provided above the flood
storage. The crest length of the dam would be about 1,400 feet.

The reservoir would have an initial capacity of 26,000,000 acre­
feet, including 20,000,000 acre-feet of active capacity and 6,000,000
acre-feet of inactive capacity. In 200 years silt deposits would reduce
the active capacity to 10,455,000 acre-feet and would completely fill
the inactive storage pool. The reservoir would have a maximum water
surface area of about 153,000 acres. When filled to capacity, it would
extend about 186 river miles up the Colorado River, nearly to the mouth
of the Green River, and 71 river miles up the San Juan River.
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~HAPTER III DESIGN0 AND ESTiMATES
Glen Canyon Unit

Dive~1?io~_s~iJ.lwaX~_2:flft outlet works. During the construction
p",riod the river flow would be diverted around the dam site through a
tunnel in each abutment. The tunnels would provide protection against
a flood flow of 120,000 second-feet, a flow slightly higher than the
highest discharge recorded during the period 1923 to 1945.

Two spillways, one in each abutment, would be provided to disch~rgL

3. total of 253,000 second-feet at a water surface olevation of 3,710
feet. The spillways would be identical. Each would discharge into an
inclined tunnel leading to a diversion tunnel. Control of each spillway
would be provided by two 40-foot by 60-foot radial gates over a crest
at elevation 3,650 feet.

The outlet works would have a capacity of 27,000 second-feet with
the reservoir water surface at elevation 3,490 feet.

Power Features

Glen Canyon Power Plant would be located near the toe of the dam.
The plant, consisting of seven gonerating units,would have a total in­
stalled capacity of 800,000 kilowatts. The plant would operate under
a m8an head of about 480 feet. Initially, with all the project units
in coordinated operation, it would produce about 4,337,000,000 kilowatt­
hours annually. With ultimate stream flow depletions, it would produc~

approximately 2,992,000,000 kilowatt-hours annually. Minimum and maxi­
mum tailwater elevations at the plant would be 3,135 feet and 3,181 fedt,
respectively.

The necessary transndssion facilities would be constructed to
distribute the Glectric energy to load centers or points of interconnec­
tion.

Geolog.y

The Glen Canyon site is g~ologically favorable for a high concrete
dam. At the site the sides of the canyon rise abruptly from the river
bed in nearly vertical walls 650 feet high. The rock forming the abut­
ments and the foundation is the massive Navajo sandstone of Jurassic
age. This massive formation is a medium-tofine-grained sandstone,
buff to red in color. The rock is remarkably free of structural defects.
No folds are found in the dam site area, and the massive sandstone lies
in a nearly horizontal position except for a slight dip upstream into
the left abutment.

Twenty-eight holes have been drilled at the Glen Canyon site ft The
rock conditions were shown by the exploratory work to be generally sat­
isfactory.
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Overburden in the river channel consists of sand, silt, gravel, and
a few medium-sized boulders and ranges in depth from a few feet near the,
canyon wall to 110 feet near the center of the river bed.

Construction materials of satisfacto ry quality and adequate quantity
can be obtained from deposits in Wahweap Creek about 7 miles northwest of
the dam site.

Access

The dam site can now be reached over an ungraded road, which extends
about 7 mile s to Lees Ferry from a point near Marble canyon Lodge on
United States Highway No. 89, and then by a fairly good horse trail,
which extends about 15 miles from Lees Ferry to the dam site. A highway
would be built from a point near the Navajo Bridge to the dam sit e on the
east side of the river'. A highway could be built to the west side of the
dam site from a point on Highway No. 89 south of Kana b, Utah. It may be
desirable after construction of the dam to connect these t~ roads using
the dam as a bridge, thus forming a loop or alternate highway to the
present Highway 89.

Rights-of-Way and Relocation

No improvements nor improved lands of any consequence are in
reservoir area, and no major facilities would require relocation.
large portion of the reservoir basin, however, lies in the Navajo
Reservation.

Cost Estirn9.tes

the
A

Indian

Estimated costs of the Glen Canyon unit, based on December 1949
prices, are summarized in the following table.

ESTIMATED COSTS OF GLEN CANYON UNIT
Annual co sts

Operation and
Construction maintenanc e Replacement

Feature costs costs costs Total

Dam and reservoir $148,500,000 $ 63,000 30,500 93,500
Access facilities 27,000,000
Right s-of-way 400,000
Construction camp 4,200,000
Power, plant 75,800,000 864,000 738,700 1,602,700
Transmission sYstem 108,000,000 1,512,000 1,220,400 2,732,400

Total $363,900,000 $2,439,000 $1 989,600 ,$4.428.600
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Dam and Reservoir

Gray Canyon Unit

DESIQ~SAND ESTIY~TES

Gray Canyon Uni t

Gray Canyon Dam would be located in Utah on the Green River ab0ut
2.2 river miles upstream from Green Piver, Utah. The site, formerly
called Rattlesnake site, is about 4 miles upstream from the mouth of
the Price River and immediately downstream from the mouth of Rattlesnake
Creek.

The dam would be a concrete, gravity-type structure, r~s~ng 445 feet
above the river and 575 feet above the assumed bedrock foundation. The
crest would be at elevation 4,595 feet, 5 feet over the maximum water sur­
face elevation. At ~he crest elevation the distance between the canyon
walls is about 2,100 feet.

The reservoir formed by the dam would have an initial capacity of
2,000,000 acre-feet, including an active capacity of 1,390,000 acre­
feet and an inactive capacity of 610,000 acre-feet. In 200 years silt
deposits wo~ld reduce the active capacity to 698,000 acre-feet and would
completely fill the inactive storage pool. When filled to capacity the
reservoir would have a water surface area of 10,750 acres and it would
extend about 53 river mile s up the Green River. The narrow canyon
section would confine the reservoir to a maximum width of about· half a
mile.

Diversion, spillway, and outlet works. During construction of the
dam th e river flow would be di verted through two tunnels, one on each
side of the canyon. The tunnels would have a combined capacity of
100,000 second-feet •

. A gate-controlled spillway of 95,000 second-foot capacity would be
provided on each side of the canyon. Each of the spillw~s would dis­
charge through an inclined tunnel leading to a diversion tunnel. Con­
trol of each spillway would be provided by three 2o-foot by 60-foot gates
over a crest at elevati'on 4,530 feet.

River outlet works of 10,000 second-foot capacity would be provided
through the dam.

Power Features

Gray Canyon Power Plant would be located at the toe of the dam. It
would consist of four units, each ~dth a capacity of about 52,500 kil­
owatts, and thus would have a total installed capacity of 210,000 kil­
o'l'mtts. It would operate under a mean head of about 400 feet and a maxi­
mum head of 440 feet. Initially, with all the project units in coordinatoo
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Gray Canyon Unit

operation, the plant would produce more than 1,303,000,000 kilowatt­
hours annually. With ultimate upstream depletions, it would produce
about 826,000,000 kilowatt-hours annually. Tailwater elevation at the
power plant would be 4,150 feet.

Besides the power plant, the power features would include'the
necessary transmission facilities to distribute the electric energy pro­
duced to the various load centers and points of interconnection.

Access

An unimproved road, heading north at Green River, Utah, extends
approximately 12 miles along the east side of Green River to a point
about 10 miles from the dam site. For access purposes a highway could
be constructed along the route of the existing road and extended as
necessary to the dam site. The road extension would be through a canyon
section but construction is not expected to be particularly difficult.
A railhead could be established at Green River.

Rights-of-Way and Relocation

There are no facilities requiring relocation within the reservoir
area. With the exception of one ranch, all of the area consists of
barren canyon lands. Lands in the area on the east side of the river
are in the Hill Creek Extension of the Uinta and Ouray Indian Reservation.

Geology

Because of geologic conditions at the Gray Canyon s~te, special
'measures would be required to insure a stable dam. Bedrock at the dam
site is a black sandy shale that grades in depth to a clay shale. The
abutments are vertical cliffs of Mesaverde sandstone, a hard, gray, but
somewhat friable rock. A coal seam, 2 to 5 feet thick, lies about 50 feet
above the stream level. The strata dip very slightly upstream. No
drilling has been done at the site but the depth of river fill material
is variously estimated up to 100 feet.

The only construction materials near the site are the Mesaverde
sandstone, which would make fairly good concrete aggregate, and sand and
gravel found on several bars along the river. Other materials will
probably have to be brought in from the vicinity of Green River, Utah,
about 20 miles away.

Cost Estimates

Estimated costs of the Gray Canyon unit, based on December 1949
prices, are summarized in the table on the following page.
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ESTI~ffiTED COSTS OF GRAY CANYON UNIT. •.

Annual costs
Jperation and

Construction maintenance Replacement
Feature costs costs costs Total

Dam and reservoir $126,400,000 $ 16,600 $ 26,000 $ 42,600
Access facilities 1,600,000
Construction camp 2,000,000
POvfer plant 20,000,000 294,000 185,300 479,300
Transmission system 28 400 000 397.000 320.400 717.400

Total $178.400 00 $707.600 $531 700 $1,239 300

Navajo Unit

Dam and Reservoir

Navajo Dam site is located on the San Juan River in northwestern
New Mexico about 19.5 river miles upstream from the small town of
Blanco, N. Mex., and 34 miles east of Farmington, N. Mex. It is about
3.5 miles downstream from the confluence of the Pine and San Juan Rivers.

The dam would be a rolled, earth-fill embankment. It would rise
335 feet above stream bed and by means of a cut-off trench would be
extended an additional 25 feet to bedrock. The structure would be about
3,280 feet long at the crest. The crest would be at elevation 6,060
feet, 10 feet above the normal water surface elevation. The dam would
contain 17,000,000 cubic yards of earth and rock fill.

Initially Navajo Reservoir would have a total capacity of 1,200,000
acre-feet, including an active capacity of 1,050,000 acre-feet and an
inactive capacity of 150,000 acre-feet. In 200 years silt deposits
~ould reduce the active capacity to 734,000 acre-feet and the inactive
capacity to 33,000 acre-feet. ~fuen filled to capacity, the reservoir
would have a water surface area of about 10,800 acres and it would ex­
tend about 33 miles up the San Juan River, to a point about 3.5 miles
beyond the town of Arboles, Colo.

Diversion. spillway. and outlet works. During the construction
period the river flow would be diverted through a tunnel in the right
abutment. The tunnel would discharge a maximum of 20,000 second-feet.

An open channel spillway, with a capacity of 175,000 second-feet,
would be located on the right abutment. The spill would be controlled
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by four 25-foot by 87~-foot gates over a crest at elevation 6,025 feet.
Outlet works, with a caps.city of 3,000 second feet, would be installed
in the diversion tunnel in the right abutment.

Power Features

Navajo Power Plant would be located at the toe of the dam. It
would consist of three 10,000-kilowatt units and thus would have a total
installed capacity of 30,000 kilowatts. The plant would operate under
a maximum head of 325 feet and a mean head of 275 feet. Initially, with
all the project units in coordinated operation, the plant would produce
157,000,000 kilowatt-hours annually. Ultimately, after all upstream
water developments are made, it would produce 32,000,000 kilowatt-hours
annually. The estimated tailwater elevation of the power plant would
be the present river elevation of 5,725 feet.

The necessary transmission facilities would be constructed to
deliver the electric energy produced to load centers and points of inter­
connectiori.

Access

New Mexico State Highway No. 44 is the paved highway nearest the
Navajo site. It passes through Bloomfield approximat ely 26 miles from
the site. A narrow gage line of the Denver and Rio Grande Western Rail­
road passes through Aztec, N. Mex., 35 miles from the site. The nearest
standard gage railhead is at Gallup, N. Mex., 138 miles from Bloomfield
and 164 miles from the dam site.

The highways from both Aztec and Gallup to Bloomfield are paved
and the bridges are caps.ble of handling heavy trucking. From Bloomfield
to the dam site the roads would have to be improved or rebuilt to
accommodate heavy trucking.

Rights-of Way and Relocation

A portion of the Denver and Rio Grande Western Railroad narrow gage
line between Antonito and Durango, Colo., would have to be relocated.
Sections of Colorado state Highways Nos. 151 and 172 would also require
relocation. The roads consist of second class or unimproved sections.

The major right-of-way costs involved would be in obtaining the land
and improvements of the town of Arboles.
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The rock at the dam site is principally sandstone with minor beds
of shale. It belongs to the Wasatch formation. The rock is moderately
hard, fairly massive, and is considered completely adequate to support
a dam of the height contemplated. Drilling at the site showed the rock
to be reasonably tight with no unfavorable conditions.. The maximum
depth of overburden in the river channel is 34 feet. Except for riprap,
suitable construction materials can be found in the area. Riprap would
have to be brought in from a distance of gO or 90 miles.

Cost Estimates

Estimated costs of the Navajo unit, based on December 1949 prices,
are summarized in the following table.

ESTIMATED COSTS OF NAVAJO UNIT
Annual costs

Operation and
Construction maintenance Replacement

Feature costs costs costs . Total

Dam and reservoir $49,400,000 $ 13,000 $10,100 $ 23,100
Access facilities 1,300,000
Rights-of-way and

,

relocation 1,gOO,000
Construction camp 700,000
Power plant 5,gOO,000 g2,500 42,900 125,400
Transmission system 4.000.000 56.700 45.g00 102.500

Total $63.000.000 $152.200 $9g.g00 :1t25LOOO

Split Mountain Unit

Dam and Reservoir

Split. Mountain Dam would be located on the Green River in Uintah
County, northeastern utah, about 14 air Diles east of Vernal Utah, and
about 2 miles from the headquarters of the Dinosaur National Monument.
It would be near the lower end of Split Mountain Canyon and 201 river
miles upstream from Green River, Utah. Split Mountain Reservoir would
extend upstream to the base of the potential Echo Park Dam.
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Split Mountain Dam would be a concrete, gravity-type structure, rising
245 feet above the river and 305 feet above the assumed bedrock founda­
tion. The crest would be at elevation 5,055 feet, 5 feet above the
maximum water surface elevation. At the crest elevation the distance
between canyon walls is about 990 feet.

Split Mountain Reservoir would have a total capacity of 335,000
acre-feet. It would serve to maintain a power head and would provide
regulation only for the daily or hourly releases from the Echo Park unit.
Since the reservoir would provide no long-time river regulation nor
irrigation storage, its entir8 capacity is considered inactive. Because
of its location below Echo Park Reservoir, Split Mountain Reservoir
would not receive significant quantities of sediment. The maximum water
3urface elevation of Split Mountain Reservoir would not exceed 5,050
feet, the tailwater elevation of Echo Park Power Plant. When full,
the reservoir would cover about 4,250 acres and would extend about 21
river miles upstream to the base of Echo Park Dam.

Diversion, spillway, and outlet works. During the construction
period the river flow would be diverted around Split Mountain Dam site
by an open flume with a capacity of 35,000 second-feet.

The spillway would be a controlled overflow section with a capacity
of 112,000 second-feet. Its crest would be at elevation 5,02S feet.
The spill would be controlled by three 100-foot by 22-foot gates.

The river outlet works would have a capacity 8,000 second-feet. They
would discharge into the spillway.

Power Features

Split Mountain Power Plant would be located about 12 river miles
downstream from the dam, on the opposite side of a horseshoe bend.
Water would be conveyed from the dam to the power plant through a tunnel
and penstock, with a total length of 15,200 feet. The penstock, which
would traverse the relatively level river bottom lands, would be buried
and vegetation would be allowed to cover its location in order that as
little as possible of the natural appearance of the Dinosaur National
Monument in the vicinity of the dinosaur beds and the monument headquarters
would be disturbed.

The generating equipment of Split Mountain Power Plant would consist
of two 50,000-kilowatt units, making a total installed capacity of
100,000 kilowatts. The plant would operate under a mean head of about
300 feet. Sixty feet of this head would be gained in the river gradient
between the dam and the power plant. The initial power generation with
all the project units in coordinated operation would amount to about
710,000,000 kilowatt-hours annually. \'J'ith ultimate stream flow conditions,
the power generation would amount to about 441,000,000 kilowatt-hours
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annually. T~ilwater elevation at the power plant would be about
h,735 feet.

Necessary facilities would be constructed to distribute the
electric energy to the various load centers and points of interconnection.

Access

A secondary road now extends 10 miles from Jensen, Utah, on United
States Highway No. 40, to a point about a mile downstream from Split
lV10untain Dam site. The distance from the end of the road to the dam
site must now be traveled by foot. An access highway could be con­
structed along the existing road. By use of a bridge this road could be
extended across the river and then continued up the north side of the
river to the dam. A connecting highway between the Split Mountain unit and
the Echo Park unit may be found desirable.

Rights-of-Way and Relocation

There are no facilities within the reservoir area that would require
relocation. The reservoir would inundate the center area of Island
Park, part of which is privately owned.

Geology

Split Mountain Dam would rest on a foundation of Madison limestone.
This rock has some undesirable characteristics but it is considered
adequate to support a concrete, gravity-type dam. There is one fault
in the vicinity of the dam'site, with the strike extending in a north­
south direction. The displacement is nearly zero at the point where
the fault intersects the dam axis.

Drilling explorations in the vicinity of the site indicate the
river fill material is about 30 feet deep at the dam'axis.

Extensive gravel deposits are found downstream from the mouth of
the canyon on widespread terraces. These deposits are composed of well
assorted gravels, some cobbles, and considerable sand. Ample quantities
of acceptable aggregate for construction of the dam are available within
a 3- or 4-mile haul.

Q.ost Estimates

Estimated costs of the Split Mountain unit, based on December 1949
prices, are summarized in the table on the following page.
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ESTIMATED COSTS OF SPLIT MOUNTAIN UNIT
Annual costs

Operation and
Construction maintenance Replacement

Feature costs costs costs Total

Dam and reservoir $32,700',000 $ 6,600 $ 6,700 $ 13,300
Access road 1,700,000
Rights-of-way 100,000
Construction camp 700,000
Power plant 10,900,000 171,800 132,300 304,100
Power tunnel 16,800,000
Transmission facili-

ties 13.500.000 189.000 152.600 341.600

Total $76,400.000 $367.400 !$291.600 $659.000

Whitewater Unit

Dam and Reservoir

Whitewate~ Dam, key feature of the Whitewater unit, would be located
in Mesa County, western Colorado. It would be on the Gunnison River, 2
miles south of Whitewater, Colo., and 9~ miles southeast of Grand Junction,
Colo. The dam would be located 15 river miles upstream from the con­
fluence of the Gunnison and Colorado Rivers.

Preliminary designs for the vJhitewaterDam are shown on the drawings
on the following pages.

The dam would be a rolled, earth-fill embankment with a volume of
6,656,000 cubic yards. It would rise 255 feet above stream bed and 335
feet above bedrock. The crest would be at elevation 4,890 feet, 10 feet
above the normal water surface elevation. The crest would be 1,830 feet
in length. To complete the reservoir basin three dikes would be con­
structed in low saddles on the north side of Kannah Creek about 4 miles
upstream from the dam.

The reservoir formed by the dam and dikes would have a total initial
capacity of 880,000 acre-feet, including an active capacity of 470,000
acre-feet and an inactive capacity of 410,000 acre-feet. In 200 years
silt deposits would reduce the active capacity to 326,000 acre-feet and
the inactive capacity to 92,000 acre-feet. When filled to capacity, the
reservoir would have a water surface area of 10,250 acres and would ex­
tend about 35 river miles upstream to a point about 4 miles west of
Delta, Colo.
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Diversion, spillway, and outlet works. During construction of
,'!'hitewater Dam the river flow would be diverted through two permanent
outlet tunnels in the left abutment. These tunnels would discharge a
maximum of 22,700 second-feet.

A side-channel, chute-type spillway would be located on the right
abutment of the dam. It would discharge a maximum of 75,000 second-feet
over a crest elevation of 4,g60 feet.

River outlet works would be provided in the left abutment. in con­
junction with the outlets of the Whitewater power plant. These would
discharge 1,500 second-feet with the water surface at elevation 4,756 feet.

An outlet with a capacity of gOO second-feet would be installed in
one of the dikes (dike 2A) to deliver water to the potential Kannah
Creek Irrigation Canal. .

Power Features

Whi tewater Power Plant would be located at the toe of the dam and
would consist of three equal-sized units with a total installed capacity
of 4B ,000 kilowatts. The plant would operate under a maximum head of
240 feet and a mean head of about 220 feet. The initial energy genera­
tion of the plant with all project units in coordinated operation would
amount to 249,000,000 kilowatt-hours annually. ~Vith ultimate stream
flow depletions, approximatelY 187,000,000 kilowatt-hours could be pro­
duced annually. The power penstocks would be placed in the outlet tunnel.
Tailwater elevation at the power plant would be about 4,640 feet.

Transmission facilities would be provided as necessary to distribute
the electric energy produced to various load centers and points of inter­
connection.

Access

The dam site is readily accessible since it is located only 1 mile
from United states Highway No. 50 and is situated directly on a branch
line of the Denv')r and Rio Grande ~iTestern Railroad. At the present time
both abutments can be reached by dirt roads.

Rights-of Way and Relocation

A small part of the reservoir area consists of improved farm lands.
It contains no centers of population. About 28 miles of the Denver and
Rio Grande Western Railroad would require relocation. Other facilities
requiring relocation within the reservoir area are United States Highway
No. 50, some secondary roads, a Mountain States Telephone and Telegraph
Company line, and a Western Union telegraph line.
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At the dam site the Gunnison River has cut through Mancos shale
and Dakota sandstone and has exposed the upper part of the Morrison
formation. This Harrison formation would form the foundation for the
dam. It is generally soft and easily weathered. The Dakota sandstone,
which would form the abutments for the dam, is predominantly hard and
resistant. Six holes, drilled to investigate the foundation, showed the
maximum depth of overburden to be 68.5 feet. Percolation tests showed
no abnormal seepage losses. The three dikes would have adequate foundation
support and tight abutments.

Four borrow areas have been explored as possible sources of con­
struction materials. Tests made on the samples taken show the materials
to be ample and acceptable for the fill. Concrete aggregate and riprap
are also available.

Cost Estimates

Estimated cos~s of the 1,Jhitewater unit, based on December 1949
prices, are summarized in the following table o

ESTH ATED COSTS OF vJHITEWATER UNIT- Annual cbsts
Operati on and

Construction maintenance Replacement
Feature costs costs costs Total

Dam and reservoir $18,400,000 11,000 $ 3,800 $ 14,800
Access facilities 100,000
Rights-of-way and
relocation 5,100,000

Construction camp 400,000
Power plant 9,500,000 105,600 68,500 174,100
Transmission system 6.500.000 90,700 73.200 163,900

Total $40,000.000 $207,300 $145,500 $352.800

Swnmary

Design Data

Information on the units included in the storage project is
summarized in the table on the following page.
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Height Active storage capacity Inactive storage capacity
of dam (acre-feet) (acre-feet)
above .After 200 years After 200 years Power
river of sediment of sediment installation

Unit River (feet) Initial encroachment Initial encroachment (kilowatts)

Cross Mountain Yampa 295 4,200,000 4,030,000 1,000,000 887,000 60,000

Crystal Gunnison 305 0 0 40,000 40,000 48,000

Curecanti Gunnison 475 2,010,000 1,979,000 490,000 463,000 54,000

:!:cho Park Green 525 5,460,000 5,169,000 1,000,000 753,000 200,000

Flaming Gorge Green 440 2,950,000 2,550,000 990,000 11,000 72,000

Glen Canyon Colorado 580 20,000,000 10,455,000 6,000,000 ° 800,000

Gray Canyon Green 445 1,390,000 698,000 610,000 ° 210,000

Navajo San Juan 335 1,050,000 734,000 150,000 33,000 30,000

Split Mountain Green 245 ° ° 335,000 335,000 100,000

\,lhitewater Gunnison 255 470.000 326.000 410.000 92.000 48.000
I

Total I I 37.530.000 ! 25.941.000 11.025.000 2.614.000 1.622.000
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Cost Estimates

DESIGNS AND ESTIMATES
Summary

Total construction costs and total annual costs, including operation,
maintenance, and replacement costs, of the various project units are
summarized in the following table. Estimated construction costs of the
individual project features and detailed engineering data on the features
are given on the following pages. The estimates given are based on
December 1949 prices.

TOTAL PROJECT COSTS
Unit Construction costs Annual costs

Cross Mountain $ 51,000,000 $ 414,700
Crystal 37,900,000 325,500
Curecanti 80,400,000 378,100
Echo Park 165,400,000 1,199,200
Flaming Garge 82,700,000 483,900
Glen Canyon 363,900,000 4,428,600
Gray Canyon 178,400,000 1,239,300
Navajo 63,000,000 251,000
Split Mountain 76,400,000 659,000
Whitewater 40.000.000 ., I 352.800

Total $1.139 100.000 ::; $9.732.100
Y Does not include nonreimbursable money expended from Colorado

River Development Fund for investigations and surveys nor costs of features
in the programs recommended by cooperating agencies.
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Form. PF-I DEPARTMENT OF THE INTERIOR . REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Dote of Esti mate Aup t 14. 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAINED IN MANUAL COL<EADO RIVER STORAGE PROJECT 1 OF 1 SHEETSVOL. xx m CH. 2.1 'pROJECT COST ESTI MATES' SHEET

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS a PREVIOUS LABOR a MATERIALS CURRENT

LAND a MATERIALS a T.PlPORQ Rlf

~ACCOUNT PROPERTY AND DESCRIPTION OFFI CIAL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION .. OFFICI AL

ESTIMATE CONTRACTOR GOVERNMENT PERMANENTLY PROPERTY EN E G GENERAL
ESTIMATEREFERENCE INSTALLED Facilities EXPENSES

(I) (2) (3) (4) (5) (6) (7) (8) (9) ClO) (II )

CROSS MOUNTAIN UNIT

01. RESERVOIRS at DAMS
01.01 CROSS MOUNTAIN nnc If, , IVV\ IVV\ ?n "'<0' "I'\n ,'''£ IVV\ , "" """ " -,,<0, -;:;;:;n ~ 01"11. IVV\

Location - On Yamna River 'is_ Mi. above mouth.
Res. Storalle ~~200:-000 AF
Nor &Max W S El I.: AOI"I li't.

Tne of dam - Cone. Grantv
Vol. ot dam I.'l' nnn
Crest e1ev. I..-nol;
Crest width I.A

Crest 1enllth <;<;0 'to

Ht of dam an"........t,......m -~o" 1N-

Ht. of dam above found ",i::i:: 1N-

Present River El .Ann li't.

Snillwav Canv. I• • (Inn .. f"

Outlet CAnv: Mn~ ..
Diversion CAnv. " 'nnn ..#'

Excav rock fn,. tl"'" s:lr\' nnA " ....

Ex"av "ommnn f'n,. tl;m
n;;(.,r.;:; __

11. POWER PlANTS - HYDRO
11.01 CROS~ l>rn.rIi:R l>T.AlJ'I' 1.. _~l.ld)O() " ""n IVV\ I;A IVV\ , .."', """ " , ..'" f\f\f\

TM~"ft"...A ~.....w _ 60.()()() Kw V~~M "...aM h ....tl '.AA 1N-

N" "f" TJ,..,~ t ... ., ll~_ ~+~ ... " ... ~ft .. 1:/.n li't.

'I'..~ ,_t..." ~, a.. _ <; 6'i0 Ft Tn,..,,.., ..l l"n & di.. 11:7"oOFt..;'.I77 tiot.

13. TRANSMISSION SYSTml: Al000 , 01 Af\f\ I. . ?<;I• . ()()() ?<; nnn --, 2Ql: ()()() ~ , AA f\f\n
T,.aM..m ...... "M.. lin.... ..t."

15. GENERAL PROPERTY 167000 22'>.000 ?<; ()()() ~':l IVV\ <;nn r;;:;n
Town utilities and .".n""a' s_m ".. #'.."i'.t.i ....

120. CONSTRUCTION FACILITIES -i'>lV\~ ---,"f\f\ ---;:;;:;;:;\

Temnora...... 8e......i"e 8 +."", .. R.

onAratina 1'\' ant... ..t."

TotAl All "1 ...." .." Ijt 1iI- 00' f\f\f\

Ii" <; , f\f\f\ f\f\"

.

_. __ ....
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Form: PF-I DEPARTMENT OF THE INTERIOR
REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Dote of Estimate Augut 14, 19$0

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
~~~M txRir. Cg~.T~~~E~~~J:C~N~~~TESTIMATES.

COLORAlX> RIVER STORAGE PROJECT 1 OF 1 SHEETSSHEET
DETAIL OF CURRENT ESTIMATE OF PROJECT C05 T

CLASS a PREVIOUS LABOR a MATERIALS CURRENT
LAND a MATERIALS a TiP1P&R ' A"

~ACCOUNT PROPERTY AND DESCRIPTION OFFI CIAL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION 4- OFFICI A,!-
PERMANENTLY PfUIPIA'F';' EN E G GENERAL

REFERENCE ESTIMATE CONTRACTOR GOVERNMENT INSTALLED ESTIMATEl"ACILI'l'IES EXPENSES

III (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)
CRYSTAL UNIT

01. RESERVOIRS & DAMS
01.01 CRYSTAL DB & RESERVOIR 16.. lt26.OOO It_71.8.00( 10n.OM It.2r;r;.ooo S21;·1;29.000

Location - II. iii East of Montrose on G'llJUl River
RIo... St",.A.... 40 000 AF
lin,.. R, Va..... Y.!'! Yr., ,4;A1n ft

Tvne of Dut _ ('.n......

Vol of dAm 1.01, N'I\ mr

Crest Blev 6 871; Ft
Crest widt.h 110 Ft
Crest lenllth 620 Ft
Ht of dam Above stre811 30r; Ft
Ht of dAm aoo_ .." ....tl -:tC;C; Ft
n'eIlAn,; Riv n 6.1;70 Ft
Snillwav Canv. h8 000 sf'
Outlet Canv. . 2 000 sf'
Diversion Canv, 22.1)00 sf'
Exeav•• rock for dam 107 400 cv
Exeav .• common f'or dam 19.700 cv

n. POWER PLANTS - HYDRO
~.Ol CRYSTAL POV'ER PLANT 2 09'3.000 2 2r;.000 tltl4.ooo 5.535 000

Installed Canv. - 1t8 000 Kw Mean Oper. Head. - 300 Ft
No. of Units - '3 Max. Static Head. - 300 Ft
Tailwater !lev - 6.1;70 Ft

13. TRANSMISSION SYSml 65.000 1.$$5.000 3.798.00c 2$.000 1.037.000 6.4tlO.000
Tran""'i...." nn , in..... mri t,.hvA,.ds ,"ubstations etc.

ti5. GElIERAL PROPERTY 120.000 155.ooc 25.000 60.000 300.000
Town utilities and lleneral service facilities.

~O. CONSTRUCTION FACILITIES (17$.000) (175.000
Temnorarv at onAI'Atinll toolA & eauinment

oneratinll' -, .~ @tc.

Tnt...' A" -~ S37.90h.000

Rounded S37.900.000



CURECANTI UNIT

Form' PF-I OEPARTMENT OF THE INTERIOR REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Dote of Estimate August 14, 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAINEO IN MANUAL COLORADO RIVER STORAGE PROJECT SHEET 1 OF 1 SHEETSVOL. xxm CH.2.1 "PROJECT COST ESTIMATES·

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS 8 PREVIOUS LABOR a MATERIALS CURRENT

LAND a MATERIALS a fEl'POR'R"

~ACCOUNT PROPERTY AND DESCRIPTION OFFI CI AL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION '8' OFFICIAL
PERMANENTLY PRCPERT" EN E G GENERAL

REFERENCE ESTIMATE CONTRACTOR GOVERNMENT INSTALLED EXPENSES ESTIMATE
FACILITIES

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)

CURECANTI UNIT

01. RESERVOIRS & DAMS
01.01 BLUE MESA DAM & CURECANTI RES. 680000 h3.987.ooo 11. 71..t6.()()( 200000 10.068 000 Sb6.Ml.ooo

Location - ~ mi west of Saninero-Gunn. River
He" " ... _~A 2.500 000 AF
Not' & Max W S E1 1.635 Ft
Type of Dam - Cone. Grav.
Vol. of Dam 1 1h5 000 cy
Crest eJev. 1.640 Ft
Crest width ho Ft
Crest 1erw.th 1 240 Ft
Ht of dam above stream h75 Ft
Ht. of dam above found 510 Ft
Present River eJev 1 165 Ft
Snillwav CIlJ)V. h8 000 sf
Outlet Canv. 2 000 sf
Diver"ion CAnv, 22.500 sf
Exeav rock fot' dam 221.700 ev
Excav. common frr dam lQ.ooo ev-

Il. POWER PLANTS - HYDRO .
11.01 BLUE MESA POWER PLANT 2,105,000 2,~40,UOC 25.000 tl42,ooo 5,520,000

Installed Camr. - '5h.ooo Kw Mean Oner. Head. - 425 Ft
No of Units - 'I Max Static Head. - 410 Ft
Tailwater E1ev - 7.165 Ft

13. TRANSMISSION SYSTEJ( 13000 1.150.000 h.216.0OC 25.000 1,106,000 1 290000
TrallSl!lission lines SlYitehvards substations. etc.

15. GENERAL PROPERTY '1nt::N\n l.nR NY 50.000 117.000 nnnnnn

TOIm utili1i es and ....""""',,1 ""'t'vI t'''' fa"i1iti",,,,

20. CONSTRUCTION FACILITIES (300000) (300000
TemnoraMr 'loo'" 11.

onerating n1Jlnt..... ..t.".

Total inl "1"""..,, tBO.39l 000

Rounded $80.hoo 000
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EWO PARK UNIT

Form: PF-I OEPARTMENT OF THE INTERIOR REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Dote of Estimate August 14. 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORNi ARE CONTAl~.JEO IN MANUAL COLORADO RIVER STalAGE PROJECT SHEET --l OF...l... SHEETSVOL. xxm CH. 2.1 'PROJ ECT COST ESTI MATES'

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS a PREVIOUS LABOR 8 MATERIALS CURRENT

LAND 8 MATERIALS 8 TIUlPfHln Al!

~ACCOUNT PROPERTY AND DESCRIPTION OFFICIAL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION e OFFICIAL

ESTIMATE CONTRACTOR GOVERNMENT PERMANENTLY PIHlPEAT" EN E G GENERAL
REFERENCE INSTALLED Facilities EXPENSES ESTIMATE

(I) (2) (3L___ f-. (4) (5) (6) (7) (8) (9) (10) (II )

ECHO PARK UNIT ._~---~- I---------~~_.

01. RESERVOIRS & DAMS
.- --~-_.

~. ECHO PARK DAM & Il.""""" ,.,Cl.,,-tll
. _._._. i- . . ..._._~-

,." (..(..0 "IV\ I,no 000 1 f... ...,01 ...,...,...,175.000....._ .. 28..,.503-...QOO-. It11f... ~"-'7 ...,...,...,

Location - On GreenR:lver. 28 Mi 1<:"'."t. nf V"'Y''''-''.'
.-- ...._._~-_.

fl ..", I..{, "N"!,F
-- --

Nn... R, M"v l.J q ];'1 5~570Ft f·
Tvna of dam - Cone ·CllY'...ed

--_. '-

-\.-.

Vol of dam ;;£:';':;""(1 cy r'
I··

Crest al".... ~. ~?'; ;:t
t----·

Crest wi.dt.h 1(> !?t.
.....

C,....",t lenl1th Q?n ];'+

!-It nf' n"m "Iv",,, ot ~.,~m i;~::'-i;" ;;; --

Ht of d"nl above.i"""ri {,Q{l l't

n. ,+ l'H ".,~ ];'1.,,, " "<;,,i?+
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FLAMING GORGE UNIT

Form' PF-I DEPARTMENT OF THE INTERIOR REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Date of Estimate August 14, 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 19a9
FORM ARE CONTAlNED IN MANUAL CQI.ORAIXl RIVER STORAGE PROJECT SHEET ...1.- OF 1VOL. xxm CH. 2.1 'PROJECT COST ESTIMATES' SHEETS

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS a PREVIOUS LABOR a MATERIALS CURRENT

LAND a MATERIALS a nflPeR'R"

~ACCOUNT PROPERTY AND DESCRIPTION OFFI CI AL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION ~ OFFICIAL
CONTRACTOR PERMANENTLY PRePER"F" EN E G GENERAL

REFERENCE ESTIMATE GOVERNMENT INSTALLED ESTIMATEFACILITIES EXPENSES

(I) (2) (3) (4) (5) (6) (7) (8) (9) (I0) (II)
FUMING GORGE UNIT

01. RESERVOIRS & DAMS
101 ~n, ASHIEY DAl4 & FLAllING (',oRGE RESERVOIR 200000 h2.628 000 11.~2~ DO( 200 000 Q 781. 000 ~.337 000

~ u _ nn n""Aft lHV.... ~., m~ ..n1"'l:.h of Vernal. (airline miles)
ll.... ~ 0),0000 AF
Mn.... R- v....·: w_~ ~1 6.OhO Ft
Tvne of dam .. Conc '""avitv
Vo11lllle of'd- 1 72~ 000 t!V

Crest elev 6.0a5 Ft
r."" ..+._Il+.l'> )on Ft
r. .....+. lAfta+.l'> 900 Ft -

Ht nf' rl..,';; ..hn"" ..t ......Ill "1'0 Ft
Ht of dam ..bnve f'....,md 491 Ft --
Present Riv Elev 5.605 Ft
Snil:brav Canv. 85 000 sf
Outlet ClmV. ~.OOO sf
Diver..ion C...nv. 20 000 sf
Exeav rock for dam 291000 ev -~

E.,..",,-v " ............. f'n ... rl_ 77 100 "..,.

11. POWER PLANTS - HYDRO
11 01 ASHLEY POWER PLANT 2.9aO.000 3.-S09.000 25.000 l17~.000 7.710 000

Installed Canv... 72.000 K'll" Mean Oper. head - 395 Ft
No of TTnit.. 3 Max. Static head - li3; Ft
Tail'll"ater elev... ;.60; Ft

13. TRANSMISSION SYSTEM 97.000 2.333.000 5 710.00c 25.000 1.555.000 9.720.000
Transmission lines switehvards substations ete.

15. GENERAL PROPERTY 305.000 458.(J()( 137.000 900 000
Town. utilities. and ~eneral service facilities.

20. CONSTRUCTION FACILITIES (2t:it:i 000' (2,>,> 000
T +-"",1. R.

,,_,...ti ..17 -, -_.. - ..t."

Toul .." -, •__ .- 182.667 000

Rounded M2.700 000



GLEN CABYOI UNIT

Form: PF-I DEPARTMENT OF THE INTERIOR
REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Dote of Esti mate August 14. 19$0

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAINED iN MANUAL • COLQRAro RIVER STORAGE PROJE:CT

SHEET 1 OF 1 SHEETSVOL. xxm CH. 2.1 "PROJECT COST ESTIMATES

DETAIL OF CURRENT ESTIMATE OF PRe JECT COST
CL~SS a PREVIOUS LABOR a MATERIALS

MATERIALS a CURRENT
LAND a TI§flJ1P8RARV X AeMlI4le"""h E

ACCOUNT PROPERTY AND DESCRIPTION OFFI CIAL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION '8r OFFICIAL
PERMANENTLY PRllPl§RfY EN E G GENERAL

REFERENCE ESTI MATE CONTRACTOR GOVERNMENT INSTALLED EXPENSES ESTIMATE
FACILITIES

(I) (2) (3) (4) (5) (6) (7) (8) (9) (0) (II)
GLEN CA1'JYOW mITT

01. RESERVOIRS &< DAlIS
01.01 GLEN CAllYOlf nAI{ 1. I.n, fV\I\ 1?n (1:2.000 'In 1?n.nI"Ir ~nn I'VV\ 21. 204 000 &17; 877.00c

Location _ On 0014. Riv•• 1$ mi. uostream trom Lees Ferry
Res. StorAJM 26.000.000 AF
Womal Y.S El ~.700 Ft i

lIax. W.S. El. 3.710 Ft
'!'me ot Dam - Cone curved l!'ravitv
Vol. of Dam $.060.000 e:v
Crest Elev. 3.715 Ft
Crest Width 45 Ft
Crest Len<rt:h 1.100 Ft
Present Riv. El 3 B<; Ft
Ht ot dam above stream 580 Ft
Ht. of dam above found. 700 Ft
~il111'av Canv. ~~ 000 sf
Out'..t I'!a'w 20 000 st
Dive1"'!'lion C_nv. 120 000 sf
;:",.nv .......". i"".,. dllD1 1.000 000 C'V

Excav.. cOllllon for dam 612.000 ~

11 PO!fER PLANTS _ HYDRO
11.01 GLEN CANYON POWER PLANT '.\1. '.\66 000 33.680.00 300.000 10.4$5.000 75 801,,()(')(

InstAlled Canat!itv _ Ann I'VV\ 1fw M&an Oner Head - h80 Ft
No nf Unit.. - '1 Max Static Head - <;60 Ft
Tailwater Elev - '.\ llIo Ft

~. TRANSMISSION SYSTEt.I 1 080 000 2C:.020 000 63.420.00 300 000 17.280.000 1011,000,00<
Transmission lines switchvards substations etc.

lX. GENERAL PROPERTY 1.h66.000 1.098.0<x 200.000 $tsb.OOO 4.250,OOC
T?1I1l utilities and "'eneral service facilities.

20. CONSTRUCTION FACILITIES (1.400.000 {l.hoo.OOO
Tellll'\orarv service structures <meratin'" tools & eauinment oneratinl!'

n1..nts etc

Total all classes $363.928.000

Rounded a303.900.ooo



GRAY CANYON UNIT

Form' PF-I DEPARTMENT OF THE INTERIOR REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Date of Esti mate August 14. 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAiNED iN MANUAL COLORADO RIVER STOR4GR PROJECT SHEET 1 OF 1 SHEETSVOL. xxm CH. 2.1 "PROJECT COST ESTIMATES'

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS 8 PREVIOUS LABOR a MATERIALS CURRENT

LAND a MATERIALS a TIEIAP€lR'R" IXACCOUNT PROPERTY AND DESCRIPTION OFFI CI AL BY BY EQUIPMENT CONSTRUCTION ~ OFFICIAL
LAND RIGHTS

CONTRACTOR GOVERNMENT PERMANENTLY P'HjPE~T':' EN E G GENERAL
REFERENCE ESTIMATE INSTALLED FACILITIES EXPENSES ESTIMATE

(I) (21 (3) (41 (51 (61 (71 (al (91 (101 (Ill
C'.1'l AY ~A tJY(\tJ UNIT

01 RESERVOIRS &. DAMS
1m m r:RAY ~HrYmr nAM R. liRe: <;f). (\()() " ,.,,.,0 IV'" l,.,~ ...." fV\r\ 1;00.000 17 tJ..? {\N\ Ilt.'?~ 1(\~ (\(\(\

Locat.ion _ (\n r.......n IIi ....... 22 Mi from Gl"....n R.ivA" U.
R.... ? !VI{\ IVV\ AF
N".. R. MAV W' <: F.l k.590 Ft
Tvne of dam - Cone. Gravity
Vol. of dam 3.595 000 cy
Crest e1ev. 4.595 Ft
Crest width 1..0 Ft
Crest 1enl>'t.h 2.100 Ft
Ht of dam abov.. stl"aam 445Ft
Ht of dam above found 575 Ft
P"esent Rive" Rl k 150 Ft
Stlil1wav Catlv. 190 000 sf
OutlAt. ~an". 10 000 sf
Di ve"..i nn C'.JOnv 100 000 sf , -Excav rock for dam 682000 c"v
Rv....... ..n_"n for dam ,:,<;/, ()()() c"v

III POWER Pl.A.N'I'!'l _ HYTlR(\
In 01 ' C'.R.A. Y ~AWYON POWlm PT.ANT -".71.1.000 Q.1h':LOOO 100.000 2.753 000 19.Q<;Q 000

InRt.a11..n ~Anv - 210.(\()() KW Mean oner head kOO Ft
Nn nf' Hnit... J. Ma:r. stAtic head 440 Ft
~ .. Rl .... 1. 1<;OFt..-

11 <:VCl.'MiV 281.. 000 .. i", fV\n 111,,626,000 100.000 1..1;16.000 28.1<;0000.... I "n.. 'i ..... et" :

11 1;.
"""""'" AT ..on IVV\ a''ll. IVlt'I 100,000 276.000 2 ""... """

'!'...~ ,,+~'4+4aa Anti ~a"._ft' 8 .•_ .... f'A..ilH.i ....

fro 1O'A~TT.T'I'Tll<: '~ 1Vlt'I' (c>tV\ fV\{\'

a.---o ~. t ...."'" JI,
nlant.lI At!!

-
Total a11 "lasses $178.1..17 000

~---

It.,'7~ nr ~ (\()()



NAVAJO UNIT

Form: PF-I DEPARTMENT OF THE INTERIOR
REGION 4BUREAU OF RECLAMATION

OFFICIAL ESTIMATE OF TOTAL PROJECT COST Dote of Esti mote August 14, 1950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAINED !N MANUAL ~()LORADO RTVER $'I'ORAGF. PROJECT 1 1 SHEETSVOL. xxm CH. 2.1 "PROJECT COST ESTIMATES· SHEET OF

DETAIL OF CURRENT ESTIMATE OF PROJECT COST

CLASS a PREVIOUS LABOR 8 MATERIALS CURRENT
LAND 8 MATERIALS 8 f!'"PQfilAR b

~ACCOUNT PROPERTY AND DESCRI PTION OFFI CI AL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTION *- OFFICIAL

ESTIMATE CONTRACTOR GOVERNMENT PERMANENTLY PfiltlP!filT. EN E G GENERAL
REFERENCE INSTALLED

Facilities
EXPENSES ESTIMATE

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)
tJA lrLTn mITT

01 RF.,qF.RVOTR,q /I- DAM,q
01 01 !lIAVA.TO DAM /I- <:nn (1(1(1 .,., o.,n """ n <> r .., """ '){\{\ "fin '7 n,,, "AA 41r.,~

Location - 19~ Mi. East of Blanco N.M. S.J.R.
Res. Storalle 1 200 000 All
Nor &Max W S 1<:1 (,~()I:;() Ft

Tvne of dam - Earth Fill -
Vol. of dam 17 000 000 c"
Crest elev 6060 Ft
Crest width :r;~

Crest lenvth ~2 Ft
Ht of dam above strell.m M'+.

Ht of dam abnve found !<'t

Present River El " !<'t

Snil1wav r.anv ''7<: 0

o;,t1At Canv .,' o'
n{ ".,~o{ r.n .C...nv. ?(I"(ll"Il"Iof"
Eyl"...v. ,.01"1<' f",. rlam 1 '''(1 ~~

F.yl"...v. I""mmon f"r.~ A~~
rLAA • AAn __

n P()WRR 1'T.A N'I' _ HYnR()
11 .m !lIAVA.TO P().,'RR PLA N'I' ? ')(\'!- CYlI"I ., t..t..<: ""1"1 .,r """ 0"'0 NV\ r ""A nAn

In~t~11.,A CAnv. _ '!().M() J(", MAAn nnA" hA"rl ?71:; M'+.

!lin nf IInit... ":I M"v ~~~+.~ ].,o~A .,.,i: 1:'+

T~"~.~+on F.1 AV _ I:;??l; M'+.

1":1 ClYClTRM /.1"1 1"11"1(1 Q??CYI() ? ":1M Mt"I 11"1 rYln L ... iV\n ArA AAA

T","nam; ~_. --- ,. .~~ -+

Ill:; """"""D'T .,.,.., ""A ":11 (, ()()() I.() ()(){\ 11"1'7 1"I"fI ?M Mn
'I'nlorn "tnit; Aa ...nd "An~~~' 4"~~' 1it; oa

20 ~ON r""r iV\" (.,;,r--,:;;:;,n;
oo_,{~o ____~+.n_ t.",,1 .. /I,

n1 ...nt... At...

Total all .• 141£""'''---;::;::;:::
RonnAoA Ii (..'? o~

-



SPLIT MOUNTAIN UNIT

Form' PF-I
DEPARTMENT OF THE INTERIOR

REGION 4BUREAU OF RECLAMATION

OFFICI AL ESTIMATE OF TOTAL PROJECT COST Date of Esti mate ~_1h.-:l950

INSTRUCTIONS FOR USE OF THIS Prices as of December 1949
FORM ARE CONTAINED IN MANUAL COLORADO RIVER STORAGE PROJECT i OF 1SHEETSVOL. xxm CH. 2.1 "PROJECT COST ESTIMATES' SHEET

DETAIL OF CURRENT ESTIMATE OF PROJECT COS T

CLASS a PREVIOUS LABOR a MATERIALS CURRENT
LAND a MATERIALS a TI!IIi,r~RARi X tlflIliIlfJl8TRAT';'C

ACCOUNT PROPERTY AND DESCRIPTION OFFI CI AL LAND RIGHTS BY BY EQUIPMENT CONSTRUCTiON '8 OFFICIAL

ESTIMATE CONTRACTOR GOVERNMENT PERMANENTLY PRflPERTV EN E G GENERAL
REFERENCE INSTALLED EXPENSES ESTIMATE

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II )

SPLIT MOUNTATN UNIT

01. RESERVOIRS &: DAMS
IrI' ", SPLIT MOIMATNnAM R, RF.~ ~() ()()O .,., ,.,.,£ """ £ ,.,., rlrlrI l'iO.()()() C 'C>' """ I ~ ~ I. ~0'7 rlrIrI

Lo"a£"-I ..." _ On .ii.~...... Rol " ..~ 1 J. Mol F.""t....1' V..~n.. l
......

R.." St."~,, .... ~~" rIrIrI A~

Nn..i-Uft_' lJ" F.l ,,' rI"rI 1>+ -
'1'..........1' .-I"... _ I'...n" -.--

v;"i -:::i- ;i"... .v.' ......" _~

1';-" ...-; ~1.." C'rI"" ~

l'~;"~.-l+'" ;" """
~' ..n..+'" .;" "..

Ht. ...1' . .-I,,;;; ~h"".. a+ ~ ..~~ ~:-" 1>+

Ht of d..m ahn".. f'nnn.-l ~rI" 1>+

Pres..nt lH"......1.." J. :nn 1>+

Sni11wa" Can". ",,'rIrIrI a'

~,t~"t."r...n" . O'rlrlrI a~

D{-a_a{A-"r...nv. ~,,'rIrIrI a~

Rv""" ..n,.lt-- 1'".. .-I ..m ::'L";.,'""" _~

Rv,... " ,.nmm"n 1'..... .-I..m , or' rIrIrI A~

11 pmJRR PT:4N'1'~ _ HYnRO

11 01 QPT.T'I' P()WH'I'/ PT.A N'I' , rI 1.."0 rI/"IrI 12 877.000 1')0 000 J. 026000 :27-.:712 000
Instal1 ...-I I'..n. _ lon ()no Kw M""" nn..... h ....<1 ':\()() Ft.

Nn n~TTnolt... ? M"v Rt.;'t.it' h ....il ;'/"1,.1>+

TQ { h.nt a_ F.l - J. 7':\<; Ft. 'I'nn""l 1.." II, ni.. 11 7()() Ft._ '11.. 1>+

1':\ QY~'I'F.M 1 ':\" rlrlrI ~ "J.rI /"IrI/"I '7 0' <; ()()() "/"I rI/"I/"I " , t..n rIrII"\ ,., CrIrI rlrIrI

'A_a H. . ._ft "t_

11<; "'~~'T ')C') /"I"" .,,.,C> ""/"I <;() rIrIrI 1?rI rlrlrI '7"rI rlrlrI

Tn"," ntnH{ ..a ..nn ....n ....,,1 ......vice facilities.

20, r.ONSTRITI"I'TON 1>A ron r'l'n~Q (,.rIrI rIrII"\\ ( 1 rIrI rIrIn \

a6~"~_6 t.nnl .. II,

~, ~~t 6 ..t.t'

'I'nt... l ..11 _'Qa, .e .~'1Z ., cn rIrIn

<11:'7£ '''/"I """



WHITEWATER WIT

DETAIL OF CURRENT ESTIMATE OF PROJECT COST
CLASS a PREVIOUS ~'~~~~~~L~A~B~O~R~a~M~A~T~E~R~IA~L~S~~~~~~~~~~~~~~~~~~~~~~~

LAND a MATERIALS a ~l1peR'~ IN TIGA N
ACCOUNT PROPERTY AND DESCfHPTlON OFF!CIAl.. LAND RIGHTS BY BY EQUIPMENT CONSTRUCTI'ON =er

ESTI MATE CONTRACTOR GOVERNMENT PERMANENTLY f2R9PIiiRH EN E G GENERAL
REFERENCE INSTALLED FACILI'l'IES EXPENSES

ESTI M ATE OF TOTAL PROJ ECT COST
Form: PF-I

INSTRUCTIONS FOR USE OF THIS
FORM ARE CONTAINED IN MANUAL
VOL. xxm CH. 2 I 'PROJECT COST ESTIMATES'

OFFICI AL

DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

OOLORAOO RIVER S'1'ORAGE

REG ION --..!!l!-- _

Date of Esti mate August 14. 1950
Prices as of Dec_ber l!l~__

PR-O-J~ SHEET 1 OF 1 SHEE':'"S

CURRENT

OFFICIAL

ESTIMATE

1---

7 "j

._.•.•..•• _ _ 7u.~d·!iC",j(:nc!'d.(o ,"~.,,"'+.__. .__j-- . ..•. --+------..----t---- - ..- ·--·--·1--·----····--· --- ..-----..j---.--.--...j......-.----J-..---- --I
.....-+- --...-..- ..-.--.+.-....-.-- .. -...- ... --~f_---.- ....- ... -~--+-.. -- ..... ---....- ....j ----.-..--... -.-----+--------+..----.-.--~--_.--_..-............l

n1:o.nt... -;t.,.o

~o.

Total ..11 c1assAs



CHAPTER III

CONSTRUCTION SCHEDULE

DESIGNS AND ESTIMATES

The project units are scheduled for construction over an extended
period. Each unit would be brought into operation as required to meet
the needs for water-consuming uses and electric en~rgy. In scheduling
construction to make certain that project units would be in operation
when needed, consideration was given to cyclic shifts in run-off condi­
tions and to the advantages that would be gained by initially filling
the reservoirs while unused apportioned water is available. The Whitewater,
Echo Park, Glen Canyon, Navajo, and Flaming Gorge units are scheduled for
initial construction.

Details of the construction schedule are shown by the bar diagram
on the following page. The diagram also shows the years in which the
generating units of the project power plants are expected to be in
operation.

ALTERNATIVE FEATURES

Investigations to date indicate that the system of reservoirs
included in the project plan would economically obtain the greatest
possible water yield and power output with minimum loss of water from
evaporation. Several alternative sites for power and storage develop­
ment, including the Dewey on the Colorado River, the Desolation on the
Green River, and the Chinle (Bluff) on the San Juan River, have been
studied and excluded from the project plan because of certain physical
disadvantages. Additional attention, however, should be given other
storage and power developments in the near future to assure the maximum
utilization of the basin's resources.

The Desolation Dam site is located on the Green River about 50
miles upstream from the town of Green River, Utah, and within the basin
of the potential Gray Canyon Reservoir. A dam rising 385 feet above the
present stream bed at elevation 4,400 feet would impound a reservoir
with a total storage capacity of more than 8,000,000 acre-feet. The
reservoir would have a maximum water surface area of 135,000 acres and
a mean area of nearly 100,000 acres. Development of the reservoir would
limit the Gray Canyon Dam to a height of 250 feet above stream bed and
would limit the Gray Canyon Reservoir to a capacity of less than 500,000
acre-feet. The combination of Desolation Reservoir and a reduced Gray
Canyon Reservoir, as compared to the Gray Canyon development included
in the project plan, would increase active storage by about 5,000,000
acre-feet and would in~rease average firm energy generation by nearly
380,000,000 kilowatt-hours annually. The combination, however, would also
result in average annual net evaporation losses of about 330,000 acre-feet
annually, about four times the losses that would be realized at the
Echo Park site for a comparable amount of active storage.

50



COLORADO RIVER STORAGE PROJECT
SCHEDULE OF CONSTRUCTION PROGRAM- FISCAL YEARS 1953..1974

P.P. Installed FISCAL .YEAR
PROJECT UNIT a STATE

Capacity
It) 'lit 10 10 .... CD 0) 0 co ~

It) 'lit 10 10 .... Ill) 0\ 0 ;:: (\j II,) ;!I/") It\ 10 10 II') II') II') 10 10
~ 10 10

~ 10 10 ..... ..... ....
( fOOOK.W.) 01 01 01 01 2! 01 01 01 01 ~ 01 01 2! 2! 01 .01 2! ~ 0\ 01- - - - - - - - - - - - - - - -

Whitewater C%rodo 48
tJI::

Echo Parle ?nn hoi; rm:Ufah- Colorado

Glen Canyon Utah - Arirona Ron 1.230 134:) 14eJO 1:)7:5

Navajo New Mexico-Colo. 30 ~

Flaming Garge Utah -Wyomitlf 72 r-n-

.Ii 4 ~Curecanti Colorodo

I nn ~D 100Split Mountain Utah -Colorado

Cross Mountoin Colorodo liD
160

2/0 /05 2/0Gral Canyon Utah

I--

4R 48Crystal Colorodo

I3IJ Operating Power Plant Capacity (lOOOK.W.J



CHAPTER III DESIGNS AND ESTIMATES

The Dewey Dam site is located on the Colorado River about
3 miles downstream from the river's confluence with the Dolores River.
Here a dam 335 feet high would create a reservoir with a total storage
capacity of more than 8,000,000 .acre-feet. The reservoir would have a
maximum water surface elevation of 4,410 feet and a maximum water surface
area of about 75,000 acres. A 175,000-kilowatt power plant at the site
could generate nearly a billion kilowatt-hours of firm energy annually
under initial flow conditions and nearly three-fourths of a billion
kilowatt-hours annually under ultimate flow conditions. Over a 200-year
period the reservoir would receive nearly 2,500,000 acre-feet of sedi­
ment. Evaporation losses from the reservoir would average about 253,000
acre-feet annually. While the losses would be less than those from
Desolation Reservoir, they would still be more than three times as great
as those expected from Echo Park Reservoir for a comparable amount of
active storage.

The Chinle (Bluff) Dam site is on the San Juan River 15 miles down­
stream from the town of Bluff, Utah. A dam rising 360 feet above the
present stream bed at elevation 4,196 feet would impound a reservoir
with a total capacity of almost 7,000,000 acre-feet. vVhen filled to
capacity, the reservoir would extend 50 miles upstream and would cover
an area of 70,000 acres. An 80,000-kilowatt plant at the site could
produce nearly 500,000,000 kilowatt-hours of energy with initial flow
conditions and about 250,000,000 kilowatt-hours with ultimate flow
conditions. The net average evaporation loss from the reservoir would
amount to about 170,000 acre-feet each year. The reservoir would be so
located that it could control a third of all the sediment now passing
Lees Ferry. The reservoir capacity would be reduced by encroaching
sediment at a rate of more than 3,000,000 acre-feet in each 100-year
period. Sediment storage in a reservoir at the Chinle site would result
in a corresponding reduction in the quantities of sediment deposited in
the potential Glen Canyon Reservoir. Therefore, it may prove desirable
to construct a temporary power and sediment storage development at the
Chinle site at an early date if a practicable means can be found to mini­
mize water losses from flood plains that would be formed by the silt beds.

Other storage and power sites are located on the Colorado River and
its tributaries in the upper basin. Among these are the Blue Mountain
site on the Yampa River just downstream from the confluence of the Little
Snake River and the Yampa River, and the Goosenecks and Slick Horn sites
on the San Juan River in the reach between the Chinle Dam site and the
upstream bank of the potential Glen Canyon Reservoir. Developments at
the sites mentioned could provide only limited amounts of storage and
their chief function would be to produce electric energy by utilizing
flows regulated upstream. Power production at the sites may be desirable
at a later date since the initial energy generation at the units now
included in the project plan would be materially reduced as future
reclamation projects are completed.
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CHAPTER III DESIGNS AND ESTIMATES

As now planned protection is pr-ovided against sediment encroach­
mBnt for about 200 years., When more complete data are assembled on
sediment-contributing areas, development of reservoirs specifically for
sediment control may be found desirable, Such reservoirs and improved
land management and practices for reduction of erosion would increase
the usefulness of the storage project by extending its life or by
making available storage capacity for other purposes.
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CHAPTER IV

WA T ~R RES 0 U R C E S

Heaviest precipitation in the Upper Colorado River Drainage Basin
falls as winter snow in the high mountain ranges. With the rising
temperatures of late spring and early summer, the snow melts rapidly,
pouring torrential flows into principal run-off channels. Run-off during
April, May, June, and early July comprises more than two-thirds of the
annua~ flow at Lee Ferry. Normally the high flow subsides by late July
to near the base or minimum flow, made up of spring-fed headwater con­
tributions, return flow from irrigation, and escaping channel storage.
Large land areas below the mountains contribute little to the river flow.
Their limited accretions occur only during early spring snow melt or
during summer rain floods of short duration.

The period of high stream flow does not coincide with the period of
greatest irrigation demand. The flows of April, May, and June are prac­
tically unused, but flows during other months of the irrigation season
are insufficient for present irrigation requirements.

Differences between high- and low-lying areas in the uppe r drainage
basin with respect to precipitation, temperature, and evaporation are
illustrated by the chart on the following page.

Water Supply

Water Sup~ly Studies

Detailed water supply studies for the Colorado River Storage project
were made for the period 1914-1947. This period of study includes the
period 1914-1945 used by the Engineering Advisory Committee in its
November 29, 1948, report to the Upper Colorado River Commission and was
selected for two principal reasons: (1) records of stream flow at a
number of main stem and tributary stations are sufficient for that period
to justify the necessary extension of many other shorter records, and
(2) the period includes years of a~ove normal £low prior to 1931 and years
of drouth subsequent to 1931, giving proper balance to the study.

Although inaccuracies are risked with the extension of records prior
to 1914, the Bureau of Reclamation made extensions to include the 1896-1947
period at Lee Ferry and the 1906-1947 period at other key points on the
Colorado River system. The earlier data show a rapid recovery of stream
flows following the drouth period ending in 1905. That drouth, however,
was much less severe than the drouth of the 1930 1 s.
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CHAPTER IV WATER RESOURCES

The periods for which records were available at key points on the
river and its tributarie$ are shown by the ch~rt on the following page.
Since no records were available at Lee Ferry, the dividing point between
the upper and lower basins, the flow at that point was computed by adding
the flow of the Paria River to the flow of the Colorado River at Lees
Ferry. Lee Ferry is 1 mile below the mouth of the Paria River and about
2 miles below Lees Ferry.

The Upper Colorado River Basin Compact provides in Article VI that
the quantity of consumptive use of water for the upper basin and for each
State of the upper basin shall be determined by the inflow-outflow method
in terms of man-rr~de depletions at Lee Ferry. This infers a partial.
salvage of natural losses.

Investigations by the Bureau of Reclamation have not been sufficiently
detailed to justify an appraisal of channel losses below all points of
diversion in the upper drainage basin. Long sections of some of the larger
stream beds would be inundated by project reservoirs, however, and the
resulting effect on channel losses in these sections has been estimated.
The reduction of losses in the remaining sections of the stream channels,
attributable to upstream depletions, is believed too small to have a marked
effect on the water supply analysis. Stream depletions from upper basin
development, therefore, have been estimated only at sites of use, and
aggregate depletions so determined are considered representative of the
depletion at Lee Ferry. Possible salvage of channel losses will be con­
sidered in future detailed studies.

Historical Flow

Historical flows are flows actually experienced. They reflect the
total run-off of a drainage area above a gage as influenced by nature and
the activities of man. Average annual historical flows at key points in
the Upper Colorado River system are given in the following table for the
period 1914-1947 and for the dry decade 1931-1940.

HISTORICAL STREAM FLOWS
Average annual flow

(1,000 acre-feet)

Stream and location
Green River at Ashley Dam site
Yampa River at Cross Mountain Dam site
Green River at Echo Park Dam site
Green River at Split Mountain Dam site
Green River at Gray Canyon Dam site
Gunnison River at Blue Mesa Dam site
Gunnison River at Crystal Dam site
Gunnison River at Whitewater Dam site
San Juan River at Navajo Dam site
Colorado River at Glen Canyon Dam site
Colorado River at Lee Ferry
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1931-1940 1914-1947
criod eriod

1,172 1,656
963 1,174

2,530 3,298
2,530 3,298
3,326 4,559

873 1,131
1,012 1,310
1,467 2,026

999 1,235
10,126 13)607
10,151 13,63~3 _
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CHAPTER IV

Past Man-Made Depletions

WATER RESOURCES

The average annual man-made depletion at Lee Ferry for the 1914-1945
period was estimated by the Engineering Advisory Committee to be 1,849,800
acre-feet. This includes depletions from all causes, such as irrigation
and uses incident to irrigation, water exports to areas outside of the
drainage basins, domestic and industrial uses, and evaporation from storage
reservoirs. The estimate allows credits for water importations and channel
salvage. A summary of the committee's estimate is shown in the following
table.

NET MAN-MADE DEPLETIONS

Nature of de letions and credits

Man-made depletions at sites of use
Irrigation of cropped lands
Water consumed on incidental areas
Transmountain diversions
Reservoir evaporation
Domestic and industrial use

Total

IN UPPER BASIN
J, Average annual depletion

or credit 1914-1945
acre-feet

1,449,000
315,400
122,700

25,900
14.100

1,927,100

Credits from importation and channel salvage
Imported water
Channel salvage

Total
Net depletion at Lee Ferry

4,000
73.300
77,300

1.849.800

Similar estimates were made by the Engineering Advisory Committee
of net depletions at State boundary lines and at other key locations in
the upper drainage basin. Since the estimates were based on annual
averages for a 32-year period, they are not applicable to any particular
year. Depletions above Lee Ferry are increasing gradually as water uses
expand in the upper basin although annual variations result from fluctu­
ations in run.-off. Using basic data of the committee, the Bureau of Rec­
lamation derived·a sequence of past annual depletions at Lee Ferry for
the period 1896-1947 and at potential project storage sites for the period
1906-1947.

Virgin Flow

As defined by the Upper Colorado River Basin Compact, the term
"virgin flow" means "the flow of any stream undepleted by the activities
of man". The estimated virgin flow at Lee Ferry for the 1896-1947 period
was determined by adding the estimated consumptive use in the upper basin
in terms of man-made depletions at Lee Ferry to the computed historical
flow at Lee ]'erry. This flow and the factors considered in its computa­
tion are shown in the table on the following page.
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COIlPUTATIOII OF VIRGIII FLOW AT LEE FERRI

lIATER RESOURCES

Unit: 1 000 acre-fee
Historical Irrigated Correction f1rg1!l r ...ow
now at areae factor for Irrigation Total Colorado Ri....r at Lee Ferry

Lee FerrT upper variation Depletion depletions depletions Annual Percent of
(includes drainap of annual rate J./ upper Tranabasin (Col. 5 now 1914-1945

Water Paria R.) 11
I'~~_a\ -~~y

(acre-fe:~ drainap export pluaIzlfl.6) (Col. 1 mean virgin
......... per acre basin deDletiona nlus Col.7) now

1 ~ 3 4 5 (, 7 I! OJ

1895
1896 9,760 310 .82 1.06 329 -- 329 10,089 64
1897 17,500 370 i.08 1.38 509 - 509 18,009 116
1898 13,300 426 .94 1.21 515 - 515 13,815 88
1899 :J.5,250 480 1.01 1.30 624 - 624 15,874 102
1900 12,600 530 .92 1.19 628 - 628 13,228 85
1901 12,900 582 .93 1.20 682 - 682 13,582 87
1902 8,740 635 .80 , 1.03 653 - 653 9,393 60
1903 13,950 685 .97 1.25 855 2 857 14,807 95
1904 14,700 732 1.00 1.29 942 3 945 15,645 100
1905 15,000 780 1.01 1.31 1,020 7 1,027 16,027 102
1906 17,964 800 1.11 1.43 1,144 13 1,157 19,121 121
1907 22,003 860 1.25 1.61 1,385 14 1,399 23,402 150
1908 11,763 920 0.91 1.17 1,076 17 1,093 12,856 82
1909 21,706 970 1.24 1.60 1,552 1'1 1,569 23,275 149
1910 12,969 1,020 0.96 1.24 1,265 14 1,279 14,248 91
1911 14,622 1,060 1.02 1.31 1,389 17 1,406 16,028 102
1912 18,880 1,090 1.16 1.49 1,624 16 1,640 20,520 131
1913 12,994 1,130 0.96 1.24 1,401 78 1,499 14,473 93
1914 19,335 1,160 1.18 1.52 1,763 124 1,887 21,222 136
1915 12,500 1,200 0.95 1.22 1,464 63 1,527 14,027 90
1916 17,325 1,230 1.12 1.44 1,771 105 1,876 19,201 123
1917 21,893 1,260 1.27 1.63 2,054 90 2,144 24,037 154
1918 13,650 1,290 0.99 1.28 1,651 63 1,714 15,364 98
1919 10,858 1,320 0.90 1.16 1,531 73 1,604 12,462 80
1920 19,739 1,350 1.20 1.55 2,093 119 2,212 21,951 140
1921 20,715 1,370 1.24 1.60 2,192 108 2,300 23,015 147
1922 16,302 . 1,370 1.08 1.39 1,904 99 2,003 18,305 117
1923 16,261 1,370 1.08 1.39 1.904 104 2,008 18,269 117
1924 12,481 1,370 0.95 1.22 1,671 49 1,720 14,201 91
1925 11,341 1,370 0.92 1.19 1,630 62 1,692 13,033 83
1926 14,009 1,370 1.00 1.29 1,767 77 1,844 15,853 101
1927 16,587 1,370 1.09 1.40 1,918 111 2,029 18,616 119
1928 15,323 1,370 1,05 1.35 1,850 106 1,956 17,279 110
1929 19,223 1,370 1.19 1.53 2,096 109 2,205 21,428 137
1930 13,070 1,380 0.98 1.26 1,739 76 1,815 14,885 95
1931 6,388 1,380 0.75 0.97 1,339 42 1,38:1. 7,769 50
1932 15,286 1,380 1.05 1.35 1,863 94 1,957 17,243 110
1933 9,745 1,380 0.86 1.11 1,532 79 1,611 11,356 73
1934 4,396 1,380 0.68 0.88 1,214 30 1,244 5,640 36
1935 9,912 1,380 0.87 1.12 1,546 91 1,637 . 11,549 74
1936 11,970 1,380 0.94 1.21 1,670 160 1,830 13,800 88
1937 11,897 1,380 0.94 1.21 1,670 173 1,843 13,740 88
1938 15,440 1,380 1.06 1.37 1,891 214 2,105 17,545 112
1939 9,394 1,380 0.86 1.11 1,532 153 • 1,685 11,075 71
1940 7,082 1,380 0.78 1.00 1,380 139 1,519 8,601 55
1941 16,052 1,380 1.08 1.39 1,918 . 178 2,096 18,148 116
1942 17,029 1,380 1.11 1.43 1.973 123 2,096 19,125 122
1943 11,263 1,380 0.92 1.19 1,642 198 1,840 13,103 84
1944 13,221 1,380 0.99 1.28 1,166 . 167 1,933 15,154 97
1945 11,545 1,380 0.93 1.20 1,656 209 1,865 13,410 86
1946 8,745 1,385 0.84 1,08 1,490 191 1,681 10,426 67
1947 13,516 1,385 1.00 1.29 1,780 177 1,957 15,473 99
lIeans:
1914-45 13,789 1,351 1.00 1.29 1,737 112 1,849 15,638 100
1931-40 10,151 1,380 1,564 117 1,681 11,832 76
1906-47 14,200 1,282 1,659 99 1,758 15,958 102
1896-
1947 14,040 1,142 1,470 95 1,550 15,590 100

1/ Flowe of 1896-1923 period for Paria River and 1896-1921 period for Colorado River were e"timatea by correlation witb
upstreSll gaged records.

Z/ Correction factor: 1/2 (1 + Annual Virgin Flow ) •
1914-1945 Mean Annual Virgin Flow Succeesive approximations of virgin now were made

in order to compute the figures in ColUIID 3. First apprOXimation was made using annual _an and historical flow.

J./ Depletion rata I Column 3 x 1.287.
(1.287 - 1914-1945 lIean Annual Depletion Exclusive of Transbasin EXPOrtS)

- 1914-1945 llean Annual Irrigated Acreap .•

!zI Depletions from past domestic and industrial use in upper basin are considered negligible.
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CHliPrER IV

Present Modifi cd Flow

viATER RESOURCES

The present modified flow i;:, t he flow expected at any point with all
upstream existing and authorized projocts in operation. It was estimated
~t various sites by assuming a recurrence of past wat8r supply conditions
~nd by d6ducting from historical flows for each year the depletions that
would have resulted from the operation of all upstream projects constructed
Jr authorized since that year.

Average annual present modified flows at key points in th£ upper
drainage basin for the period 1914-1947 and for the dry decade 1931-1940
~r6 shown in the following table. The table on the next page shows a
~erivation of present modified flows of the Colorado River at Lee Perry
for each year from 1906-1947. The chart following that table compares
the present moiified flow at Lee Ferry with the virgin and historical
flows.

AVERAGE PRESENT MODIFIED FLOW AT KEY POINTS

Site

Average annual pre sent
modified flow (1.000 acre-fe~t)

1931-1940 1914-1947
period period

Green River at Ashley Dam site
Yampa River at Cross ~ountain Dam site
Green River at Echo Park Dam site
Green River at Gray Canyon Dam site
Gunnison River at BlUE: Mesa Dam site
Gunnison River at Crystal Dam site
Gunnison River at Wr~tewater Dam site
San Juan River at Navajo Dam site
Colorado River at Glen Canyon Dam site
Colorado River at Lee Ferrv
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1,166
963

2,523
3,279

S76
·1,016
1,452

97S
9,593
9 61S

1,635
1,174
3,274
4,471
1,131
1,309
2,005
1,193

12,918
12.944



CHAPTER IV WATER RESOURCES

ANNUAL PRESmT MODIFIED FLOW--COLORADO RIVER AT LEE FERRY
Computed Estimated depletion I Present

historical from upstream projects modified flow
f1owa.t constructed or authorized at

Water Lee Ferry after year indicated Lee Ferry
year (1.000 acre-feet) (1,000 acre-feet) (1,000 acre-feet)

1906 17,964 1,7S9 16,175
1907 22,003 1,S45 20,15S
1905 11,763 l,lS2 10,5S1
1909 21,706 1,734 19,972
1910 12,969 1,163 11,S06
1911 14,622 1,195 13,427
1912 18,SSO 1,425 17,455
1913 12,994 935 12,059
1914 19,335 1,297 lS,038
1915 12,500 SSO 11,620
1916 17,325 979 16,346
1917 21,S93 1,135 20,75S
1915 13,650 972 12,67S
1919 10,S5S 633 10,225
1920 19,739 901 lS,S3S
1921 20,715 970 19,745
1922 16,302 737 15,565 .
1923 16,261 S03 15,45S
1924 12,481 686 11,795
1925· 11,341 5S0 10,761
1926 14,009 S29 13,180
1927 16,5S7 751 15,S36
1925 15,323 S27 14,496
1929 19,223 801 lS,422
1930 13,070 650 12,420
1931 6,388 447 5,941
1932 15,2S6 66s 14,61S
1933 9,745 634 9,111
1934 4,396 ~-374 4,022
1935 9,912 545 9,367
1936 11,970 685 11,2S5
1937 11,S97 4S8 11,409
1938 15,440 650 14,790
1939 9,394 464 8,930
1940 7,082 375 6,707
1941 16,052 531 15,521
1942 17,029 615 16,414
1943 11,263 494 10,769
1944 13,221 474 12,747
1945 11,545 485 11,060
1946 8,745 401 8,344
1947 13,516 638 12,878
Means:
1914-45 13,789 699 13,090
1906-47 14,200 826 13,374
1931-40 10,151 533 ! 9,618
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Additional depletions due to present and

UNI TED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

COLORADO RIVER STORAGE PROJECT

RIVER FLOW AT LEE FERRY

Estimated post man-made depletions

--~------1~i_---------------------___j20

WATER YEAR
STREAM FLOW AVERAGES

J 1931-1940 1914 - 1945 1906-1947

LVirgin flowatLeeFerry 11,832,000----_15,638,000 15,958,000 Acre feet.

-----l

LHistorica I f low at Lee Ferry 10,151,000 13,789,000 I 4,200,000 A ere fee t.
--..,

: Present flow,modified toreflect exist-

Ling and authorized upstream develop- 9,618,000 13,090,000 13,374,000 Acre fee t
ment.
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CHAPTER IV HATER RESOURCbS

Water Available for Future Development "'.

With completion of authorized projects, water-consuming uses would
deplete the flow of the Colorado River at Lee Ferry by an estimated
2,548,000 acre-feet annually. Thus, there would remain for future
development 4,952,000 acre-feet of the 7,500,000 acre-feet apportioned
the upper basin by the Colorado River Compact. Present and authorized
consumptive use and the use remaining for future development are shown
by States in the following table. Consumptive use is estimated in terms
of long-time average man-made depletions in the river flow at Lee Ferry.

PRESENT AND FU'IURE CONSUMPTIVE USE UPPER BASIN. ,
Annual Annual

Annual present and luse remaining
apportioned authorized for future

use use development
State (acre-feet) (acre-feet) (acre-feet).
Arizona 50,000 11,000 39,000
Colorado 3,855,000 1,591,000 2,264,000
New Mexico 838,000 79,000 759.,000
Utah 1,714,000 628,000 1,086,000
Wyoming 1.043,000 239.000 804,000

Total 7,500,000 2,548,000 4.952.000

Limitations on Future Development

Without long-time regulatory storage, the upper basin could plan to
utilize only a part of the 7,500,000 acre-feet apportioned it by the
Colorado River Compact since in protracted dry periods less than the
compact-apportioned water would be available after the required Lee Ferry
flows were provided. In the period 1931-1940, the most severe drouth decade
of record, the estimated total virgin flow of the Colorado River amounted
to 118,320,000 acre-feet. Thus, after meeting the 75,000,000 acre-feet
Lee Ferry flow obligation provided in the compact, the upper basin would
have had available for use in this 10-year period a total of only 43,320,000
acre-feet or an average of 4,332,000 acre-feet annually. Permissible con­
sumptive use in the upper basin would have been less than this theoretical
average. The quantity of water available in any 10-year period would not
be known until the end of the period. In the meantime, safe operation
would require that deliveries at Lee Ferry be maintained ahead of the
average schedule to insure against drouth-caused shortages in the last
years of the period. Upper basin use also would be curtailed in dry years
by water shortages at points of diversion on tributary streams. Parti­
cularly seV'6re shortages would have oc.curred in. the extremely lm·J run-off
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CHAPTER IV WATER RESOURCES

years of 1931, 1934, and 1940, as indicated graphicallY on the following
page. If the upper basin is required to release water to Mexico during
dry periods, corresponding reductions in upper basin use would be required.

Unless future drouths are much more severe than that of 1931-1940 no
curtailment of present water uses in the upper basin will be required
to meet the 10-year Lee Ferry flow obligation even without regulatory
storage. As upper basin use increases, however, the need for regulatory
storage will arise and become progressively greater. The point in upper
basin development at which regulatory storage will become necessary will
be determined by future run-off quantities. Through the Upper Colorado
River Basin Compact, approved April 6, 1949, the States of the upper
basin agreed on a division of their apportioned water and on their
respective obligations with respect to the delivery of water at Lee Ferry.
This made possible the formulation of a plan for basin-wide development
in which all potential projects are correlated. Therefore, in the analysis
in this report all projects that would consume water of the Upper Colo­
rado River system, authorized subsequent to approval of the upper basin
compact, are considered to be dependent on system regulatory storage for
an assured water supply.

EvaporatioE

Increased evaporation resulting from man-made reservoirs is recog­
nized by the upper basin States as consumptive use chargeable against the
basints water apportionment. Evaporation losses will vary from year to
year, depending largely on the amount of storage provided in the basin.
Estimated evaporafion losses from reservoirs of the storage project are
shown in the tables on reservoir operation in Chapter VI, Project Opera­
tions.

Only a few evaporation measuring pans are located in the Upper
Colorado River Basin and these do not provide data directly applicable
to the remote sites at which reservoirs of the Colorado River Storage
project would be located. In estimating evaporation losses the Bureau
used the available pan data as a base and established relationships with
recorded meteorologic data. From these relationships curves were pro­
jected to indicate the gross evaporation to be expected from free water
surfaces at various elevations on the Colorado River and its tributaries
in the upper basin. The Engineering Advisory Committee to the Upper
Colorado River Compact Commission adopted the Bureau's analysis of gross
reservoir water surface evaporation. The Bupeau, in computing net evap­
oration losses, allowed a credit for present river channel losses and
other natural consumptive uses in areas to be inQ~dated. For example,
the gross evaporation rate from the free water surface of Glen Canyon
Reservoir is expected to be 63 inches a year. With adjustments for
present channel losses and natural consumptive uses within the reservoir
area the net rate of evaporation at the maximum water surface level is
estimated at 54 inches a year.
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CHAPTER IV WATER RESOURCES

Storage Reguirements--Colorado River Storage Project

The location within the upper basin of present and potential water­
consuming uses should be considered in planning project reservoirs and
electric power facilities. Therefore, a distribution of apportioned
consumptive use in various areas of each upper basin State was assumed.
Potential uses were estimated from data on individual projects where
available, and otherwise from general studies of tributaries or sub­
basins. Adjustments in the estimates may become necessary as future
detailed project investigations are made. No substantial variation is
anticipated, however, in the assumed effect at Lee Ferry or in the
over-all operation of the regulatory reservoir system.

An assumption was made as to the rate at which the remaining un-
used apportioned water in the upper basin would be developed. Projects
now under construction or authorized for construction were considered to
be in full operation by 1956, the year preceding operation year 1, re­
sulting in stream flow depletions previously described under present
modified flow conditions. It was assumed that 80 percent of the remaining
apportioned water use would be developed by 2006 (operation year 50), and
that 100 percent would be developed by 2031 (operation year 75).

Storage Capacity Required for River Regulation

If the upper basin were to attain ultimate development of its
apportioned water without regard to its compact obligations to the lower
basin, the resulting flow at Lee Ferry vvould vary widely from year to
year and the 10-year average would frequently be less than 75,000,000
acre-feet. An analysis of the flow at Lee Ferry under this condition
indicates the magnitude of the storage capacity required to regulate the
river for compact fulfillment. Such an anlysis is shown by the table
on the following page.

The estimated ultimate use of apportioned water in the upper basin,
shown in column 2 of the table, averages 7,500,000 acre-feet annually
over the period 1914-1945. The use would vary considerably from year to
year, however, being influenced by variations in available flows at
points of diversion. Column 4 shows the average flow at Lee Ferry for
each 10-year period ending in the year indicated and column 5 compares
the 10-year flow with the compact-required 75,000,000 acre-feet.

The greatest 10-year flow deficiency at Lee Ferry is shown in the
t~ble as 20,800,000 acre-feet for the period ending in 1940. kore
detailed studies based on monthly data rather than on the annual d~ta

used in the table indicate a deficiency of 23,000,000 acre-feet for the
1931-1940 decade, showing a need for that amount of storage capacity
for river regulation.
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CHAPI'ER IV WATER RESOURCES

DETERMINATION OF ACTIVE STORAGE REQUIREMENT
TO PERMIT FULL U'l'ILIZATION OF APPORTIONED CONSUMPTIVE USE

Unit· 1 000 acre-feet. '.L

1 2 1 4 ! '5I

Virgin Ultimate Ultimate
flow of use of 6ep1eted Ten-year
Colorado upper unregulated Ten-year variation
River at basin flow at Lee movip,g from 75

Water Lee appor- 1/ Ferry (C 01.1 total flow million
vear Ferrv tionment - 'minus Co12) at Lee Ji'errv A,0.rp. - f'eet

1914 21,220 9,030 ,12,190
1915 14,030 6,910 7,120
1916 19,200 8,860 10,340
1917 24,040 9,530 14,510
1918 15,360 7,920 7,440
J.919 12,460 6,560 5,900
1920 21,950 9,370 "12,580
1921 23,020 9,470 13,550
1922 18,310 8,180 10,130
1923 18,270 8,450 9,820 103,580 +28,580
1924 14,200 7,340 6,860 98,250 ""23,250
1925 13,030 6,860 6,170 97,300 +22,3.00
1926 15,850 7,770 8,080 95,040 +-20,040
1927 18,620 8,630 9,990 90,520 +15,520
1928 17,280 8,390 8,890 91,970 +16,970
1929 21,430 8,670 12,760 98,830 +23,830
1930 14,890 7,590 7,300 93,550 +18,550
1931 7,770 5,330 2,440 82,440 ... 7,440
1932 17,240 7,950 9,290 81,600 +- 6,600
1.933 11,360 6,500 4,860 76,640 '" 1,640
1934 5,640 4,480 1,160 70,940 - 4,060
1935 11,550 6,450 5,100 69,870 - 5,130
1936 13,800 7,480 6,320 68,110 - 6,890
1937 13,740 6,710 7,030 65,150 - 9,850
1938 17,550 7,840 9,710 65,970 - 9,030
1939 11,080 6,260 4,820 58,030 -16,970
1940 8,.600 5,130 3,470 54,200 -20,800
1941 18,150 7,700 10,450 62,210 -12,790
1942 19,120 7,830 11,290 64,210 -10,790
1943 13,100 7,070 6,030 65,380 - 9,620
1944 15,150 6,980 8,170 72,390 - 2,610
1945 13,410 6,740 6,670 73,960 i - 1,040
1946 10,420 5,950 4,470 72,110

I =
2,890

1947 1'5 470 7.'510 7.960 73 040 1.960
Means:

I1931-40 11,830 6,410 5,420
1914-4"5 1"5 640 7.'500 8.140 :

l/Use apportioned by Colorado River Compact, measured ~n terms of
man-made depletions at Lee Ferry.
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CHAPTER rv

Sediment Storage Reguire~

T'jAT:::R RES()'(JRCES

Samples of suspended sediment transported by the Colorado River and
its primary upper basin tributaries have been obtained by the Gerl~gical

Survey at the stations and for the periods indicated below.

Sediment sampling station

Colorado River near Grand Canyon, Ariz.
Colorado River at Le8s Ferry, Ariz.

Colorado River near Cisco, Utah
San Juan River near Bluff, Utah
Green River at Green River, Utah

~~sampling

1926 to 1948, inclusive
1929-1933, 1943, 1944,

and 1948
1930 to 1948, inclusive
1930 to 1948, inclusive
1930 to 1948, inclusive

From these basic records estimates were fmdc of sediment quantities
originating above each reservoir in the Colorado River Storage project
for the period 1930-1948. bight years of simultaneous sampling at the
Grand Canyon and Lees Ferry stations provided an excellent base for ex­
tending the Lees Ferry record. This record is particularly significant
because it shows approximately the total arrlount of sediment that would
be retained in all reservoirs of the Colorado River Storage project.
Drainage areas above each reservoir were compared and surface geology
maps studied in estimating sediment at the various storage sites.

The 1930-1948 period included' a preponderance of drouth years and
therefore is not representativG of average stream flow and sediment
conditions in the upper basin. By use of stream flow-sediment suspension
relationships, however, the average sediment carried over a long-time
period was estimated. Sediment loads so determined were increased 15
percent for unmeasured "bed loads." At a density of 85 pounds per cubic
foot for compacted sediment the long-time average sediment deposition at
Lees Ferry would approximate 100,000 acre-feet annually.

Estimat~d sed~ent deposits in each project r0sbrvoir during a
200-year perlod, ~th construction progressing as scheduled are tabu­
lated and illustrated graphically in the following pages, '

.Flood Control Storage Reguiremvnts

Floods on the Upper Colorado RivE;r system generally result from th('
ra~id meltin~ of s~ow in the late spring, augmented at times by heavy
ralns ov~r wlde trlbutary areas. Local flood damage frequently occurs
al?ng tr~butary streams but the lower r0aches of the river ~nd its major
trlbutarl6s arc gGnerally confined in deep and barren canyons where flvods
do no damage. Most of the potential r..:;servoir sites of the Colorado River
Storage project arc situated in these lower canyons so that their flood
control value is limited.
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CHAPTER IV WATER RESOURCES

SEDIMENT ENCROACHMENT IN PROJECT RESERVOIRS
(Sediment volumes at end of indicated year)

Units' 1 000 acre-feet. , . --

Year I ! ' I i
i Split

of 1 White-i Echo I Glen i laming Cure- Cross Gray Mtn.and
StudYY water IparklcanvonlNavaio rGorge canti Mtn. Canyon Crystal

! I I
0 2.6 I I iI I

86.411 5.2 ;11.0 !2 7.8 , 22.0 172.8 I
3 10.4 133.0 259.2 I4 13.0 :37.0 343.4 2.2 I 7.0 Negligible
5 15.6 41.0 427.6 4.4 I 14.0
6 18.2 45.0 511.8 6.6 21.0

I7 I 20.8 49.0 596.0 8.8 I 28.0
8 23.1 53.0 680.2 11.0 35.0 .3

I9 25.4 57.0 764.4 13.2 42.0 0.6
10 27.7 61.0 848.6 15.4 49.0 0.9
11 30.0 j65.0 932.8 17.6 56.0 1.2
12 I 32.3 1 67•5 1017.0,19.8 63.0 1.5 1.5
13 I34.6 1

70•0 1101.2
1

22.0 70.0 1.. 8 3.0
14 36.9 72.5 1185.4,24.2 77.0 2.1 I 4.5
15 39.2 175.0 1262.6 26.4 84.0 2.4 6.0 7.0'
16 41.5 177•5 1339.8 28.6 91.0 2.7 7.5 14.0
17 43.8 180.0 1417.0 30.8 98.0 3.0 9.0 21.0
18 46.1 i82.5 1494,,2 33.0 105.0 3.3 10.5 28.0
19 48.4 ! 85.0 1571.4 35.2 112.0 3.6 12.0 35.0
20 50.7 ;87.5 1648.6 37.4 119.0 3.9 13.5 42.0

! j

75 177 225/ 5,895 158 504 20 96 427
100 235 288 7,825 213 679 28 I 133 602 1
200 465 538!15,545 433 1,379. 58 i 283 1,302 1

1/ Year of study refers to 1956 as year o.
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CHAPTER rv WATER RE::iOURCES

A few areaS in the upptr drainage basin would benefit from flood
control at project reservoirs. Protection to farm lands adjacent to
the Green River near Leota and Gre6nriver, Utah, would result from
storage at Echo Park and Gray Canyon, respectively. Reduction of peak
flows of the Gunnison River by the Curecanti and Whitewater Reservoirs
would reduce flood damage in areas near Delta and Grand Junction, Colo.
The Navajo Reservoir on the San Juan River would provide some flood
protection to areas near Bloomfield, Farmington, and Shiprock, N. Mex.

Prior to the formation of Lake Mead by the construction of Hoover
Dam, damaging floods in the lower reaches of the Colorado River were
almost an annual occurrence. Of the lake's total capacity of 32,000,000
acre-feet, the top 9,500,000 acre-feet is reserved for flood control.
Operation of the Colorado River Storage project, including the large
reservoir at Glen Canyon, will rraterially reduce the flood inflows into
Lake Mead, justifying a smaller flood space reserve in Lake Mead and in
turn permitting increased power production at Hoover Dam through higher
head operation.

The extent of flood damage in the upp8r basin and the advisability
of including flood control spQce in the project reservoirs will be in­
vestigated cooperatively with the Corps of Engineers.

Storage Requirements for ~ater Use in Upper Basin

Future projects contemplating uses of water in the upp8r basin would
require ~ fairly uniform annu~l delivery of water. Shortages of material
consequence could be tolerated only under conditions of extreme drouth.
Because of seasonal variations in stream flow, storage reservoirs would
be necessary to make the water availa.ble when needed. The upper basin
compact gives preference in the use of reservoirs or reservoir sites to
storage for consumptive use in the upper basin over storage t03.ssure
deliveries ~t Lee Ferry. Consistent with this provision-storage capaciti6s
required for direct use of water in the upper basin will be det€rmined and
allocated to individual projects as detailed data are obtained.

Viat er Right s

Necessary water rights for the units of the Colorado River Storage
proj8ct would be available to the United States. The use of water and
the operation of these various project units would be consistent with thu
Colorado River Compact, the Mexican Water Treaty, and the Upper Colorado
River Basin Compact.

Wator for the various participating irrigation projects would be
appropriated in accordance with the law of the State in which the point
of diversion of water for each such project is located. Although the
water laws of all upper basin States are fundamentally the san~, the
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CHAPTER IV 1;:ATER RESOURCES

procedures for the acquisition of water rights differ in minor details
from State to State. In all of the upper basin States the doctrine of
appropriation obtains and riparian rights are not recognized. ~;ater

is considered the property of the public and rights to its use can be
acquired only by beneficial use. The priority of a right is ordinarily
determined by the date of its initiation and "first in time is first
in right ll • Limitations upon rights acquired in accordance with State
law include: (a) the paramount right of the United States to control
navigation under the commerce clause of the Constitution of the United
States; (b) limitations imposed by treaties; and (c) limitations imposed
by compacts.
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CHAPl'ER V

POv-JER

The market area for most of the power generated by the Colorado
River Storage project is shown on the map on the following page. Its
principal portion includes roajor parts of the Upper Colorado River
Drainage Basin and the adjoining Bonneville Basin on the west. This
portion, which is divided into seven divisions as shown on the map,
lies within the boundaries of the Bureau of Reclamation's Region 4.
The market area also includes three fringe areas in the States of
Wyoming, Colorado, and New Mexico that are outside the Colorado River
Drainage Basin. The fringe areas are included in the Bureau of
Reclamation's Regions 1, 5, 6, and 7.

Studies of the marketarea"rnade by Region 4, were based on infor­
mation compiled by the Federal Power Commission and information obtained
from other regions of the Bureau. Results of the studies are presented
in a report, entitled Power Market Survey--Colorado River Storage Project,
dated February 1949. Information from that report is included in this
chapter.

Present Development

Present Power Resources

Power respurces available to the market area as of December 31, 1947,
the most recent date for which such complete data are available, are
summarized below:

\

Area
Region 4

Division I
Division II
Division III
Division IV
Division V
Division VI
Division VII

Subtotal
Fringe Areas

A-vJyoming
B-Colorado
C-New Mexico

Subtotal

Total

67

Net assured
capacity

1947
(kilowatts)

329,679
6:'485
3,920
1,315

IB,055
41,346
lB,573

419,373

B5,000
247,000
21~tOOO
54 ,000
965,373
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CH.RPTER V PO~~R

Some of the energy presently available to the northern part of the
Bormeville Basin is imported from systems in Montana and Idaho which in
turn are interconnected with other power systems of the Pacific Northwest.
Agencies operating in the Pacific Northwest estimate that power demands
there will increase so rapidly that continuation of energy exports to
the Bonneville Basin cannot be assured.

Present Energy Requirements

Energy requirements in the market area for the year 1947 were as
shown below.

Area
Region 4

Division I
Division II
Division III
Division IV
Division V
Division VI
Division VII

Subtotal
Fringe Areas

A-liyoming
B-Colorado
C-New Mexico

Subtotal

Total

Future Energy Requirements

Energy requirements
(millions of kilowatt-hours)

1947

1,699
67

10$
5

75
105

85
2,144

354
1,206

901
2,461

4,605

Energy requirements are rapidly increasing throughout the market
area. The growinG industrialization of the West, the accelerated
development of natural resources, both mineral and agricultural, and
increasing population are resulting in such an increased use of electric
energy that existing generating facilities are taxed to capacity.
Practically every electric utility in the market area has plans to increase
its generating capacity to meet the requirements of the immediate future,

Estimated energy requirements for the years 1950, 1960, 1970, 1980,
and 1990, as given in the Power Market &rrvey, are summarized in the
tabulation on the fOllowing page.
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Area

Region 4
Division I
Division II
Division III
Division IV
Division V
Division VI
Division VII

Subtotal
Fringe Area

A,,;..wyoming
B-Co1orado
G.:.New Merico

Subtotal

Total

Additi onal Power and Energy Needed
>

POvJER

Estimated annual energy requirements
(millions of kilowatt-hours)

1950 1960 1970 1980 1990

1,925 3,],.13 4,450 .5,667 6,837
80 156 239 280 350

124 356 710 l~075 1,.430
9 17 28 50 75

84 235 403 560 710
9.3 174 243 310 390
88 155 220 300 370

2,403 4,206 6,293
-'

10,1628,242

499 1,289 2,448 3,734 5,075
1,690 3,253 5,095 6,949 8,940
11°15 g16~0 2,630 31 810 4,875
3,204 ,1 2 10,173 14,493 18,890

5,607 10,368 16,466 22,735 29,052

Estimates were made of the additional amounts of power and energy
needed from Bureau of Reclamation plants in Region 4 to supplement all
present and known scheduled power installations in satisfying the require­
ments of the power market area. These estimates are shown in the table
on the following page. Scheduled installations considered included
probable Bureau of Reclrunation installations in the fringe areas outside
of Region 4A Consideration was also given to reductions in capabilities
that would result from the aging and retirement of equipment and from
reductions in power importations.

Estimates of the power and energy required from the Colorado River
Storage project were made by deducting from the total requirement s from
Bureau plants in Region 4 the capabilities of all other Bureau plants
scheduled for construction in the region. Estimates made for 10-year
intervals are shown in the following tabulation.

Power needed Energy needed
Year (kilowatts) (millions of kilowatt-hours annuall;z).....-

1950 0 0
1960 218,600 555
1970 1,110,300 5,051
1980 2~008,300 10,077
1990 3,308,300 16,820
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ADDITIONAL POV;ZR AND ENERGY NEEDED
FROM BUR"SAU OF RSCLAMATION PLANTS IN REGION 4 FOR PROJECT POI-jER NARKET AREA

POltiER

Region 4 Fringe Area A Fringe Area B Fringe Area C Total--project
Year market area (Wyoming) (Colorado) (New }'1exico) market area

Energy Energy Energy Energy Energy
needed needed needed needed needed

Power (millions Power (millions Power (millions Power (millions Power (millions
needed of kw.-hrs. needed of kw.-hrs. needed of kw.-hrs. needed of kw.-hrs. needed of kw.-hrs.
(kws. ) annually) Ckws. ) annuallY) (kws. ) annually) (kws. ) annually) (kws.) annually)

1947 44,473 56 0 0 21,774 0 17,000 22 $3,247 7$

1950 43,$7$ 3 0 51 24,670 290 0 0 bg,5~ 344

1960 245,349 55$ 0 205 9,490 0 0 0 254,$39 763

1970 736,353 3,331 124,000 1,1$6 140,590 429 220,000 $65 1,220,943 5,$11

1900 1,139,549 5,279 2$7,300 2,155 510,890 2,2$3 446,000 2,125 2,3$3,739 11,$42

1990 1,53$,549 7,199 521,600 3,492 903,890 4,274 720,000 3,620 3,6$4,039 1$,5$5
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Project Power Development

POUER

Project Capacities and Capabilities

The Colorado River storage project would have a total installed
capacity of 1,622,000 kilowatts. Capacities of the various units are
list ed below.

Cross Hountain
Crystal
Curecanti
Echo Park
Flaming Gorge
Glen Canyon
Gray Canyon
Navajo
Split Hountain
Whitewater

Total

Installed
capacity

(kilowatts)

60,000
48,000
54,000

200,000
72,000

800,000
210,000
30,000

100,000
48,000

1,622,000

With ultimate upstream depletions and with all units in coordinated
operation, the project could produce an estimated 6,000,000,000 kilowatt­
hours of firm energy annually. The generation of each unit, however,
would vary from year to year depending on the water supply available
and the number of other units in operation. The table on the next page
shows the estimated firm generation of all units for each year of the
assumed construction period; for year 20, the first year all units would
be in coordinated operation; and for year 75, the year when all upstream
~water-consuming projects would be in operation. Estimates of the units'
potential output are based on an assumed recurrence of water supply
conditions of the 1914-1947 period, with appropriate adjustments made to
reflect upstream depletions for the various stages of upper basin develop­
ment.

Estimates have been made only of potential firm generation. Somesecolld­
a ry energy also may be generated in certain years of actual project
operation.depending on the water supply available. The potential secondary
generation cannot be determined from investigations to date as the
reservoir operation studies have been based on the storage of all water
not required to meet Lee Ferry flow obligations until project reservoirs
are filled.
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ESTnlATED ANNUAL FIRK ENERGY GENERATION
BY PROJECT UNITS

(millions of kilowatt-hours)
Develop- Pro.iect unit

ment "Water 'VJhite-1 Echo , Glen Flaming Cure- Split Cross Gray
year year Y water Park Canyon Navajo GorJ!.e canti Hountain Mountain CanYon Crvstal Total

0 1956 !
0I1 1957 274 274

2 1958 i 274 557 8311

3 1959 1 274 608 1,710 2,592I
4 1960 I 274 866 2,570 / 3,710
I:. 1961 I 274 865 3,420 171 4,730./

6 1962 274 1,099 3,680 171 340 5,564
7 1963 I 274 1,092 4,110 171 348 5,995
8 1964 252 1,034 4,155 171 353 6,015
9 1965 259 1,077 4,175 171 353 6,040

10 1966 259 1,069 4,190 171 362 263 6,314
11 1967 258 316 4,200 171 337 275 372 6,479
12 1963 257 808 4,185 171 381 304 473 6,579
13 1969 I 256 800 4,220 171 376 303 470 6,601
14 1970 255 790 4,205 171 370 308 465 73 6,637
15 1971 i 254 890 4,220 171 365 303 459 73 6,745,

16 1972 253 380 4,220 169 359 303 516 164 600 7,469,n 1973
,

252 380 4,21+5 166 354 306 511 169 1,128 3,011..L(

18 1974
:

251 371 4,285 163 . 343 304 506 175 1,118 246 8,267I19 1975 250 1,002 4,300 160 343 302 626 331 1,290 245 8,849
20 1976 i 249 995 4,337 157 337 300 710 330 1,303 244 8,962

--_"'l~_--hQ1J __J ~?_1" .. 677 2.992 32 105 227 441 310 826 206 6.003

11 Year ending September 30 of year shown; based on assumed construction schedule.



CHAPTER V POWER

Fuel-electric generating plants may be desirable to supplement
hydroelectric plants of the Colorado River storage project, particularly
when the project output is reduced through upstream depletion. Energy
for construction of some of the storage project features may be obtained
from fuel-electric plants.

Utilization and Distribution of Project Power
..

The charts on the two following pages compare the amounts of project
power and energy anticipated with the estimated amounts required by the
states of the upper division comprising the project market area.

As shown by the charts, the estimated capabilities of the storage
project plants in 1975 would just meet the market demands on the project
in that year. By 1980 estimated energy requirements would greatly exceed
the output of all production facilities.

Some project energy would be generated in advance of the market for
firm energy. This energy would be produced while new generating units
were being tested and while contract negotiations were in progress for
the sale of firm energy. This temporary supply of energy would be sale­
able at a secondary rate and is expected to be readily absorbed in the
States of the upper division and adjacent areas for fuel replacements and
for use by industries having secondary energy needs.

Seasonal energy produced by other reclamation projects in the upper
basin is expected to more than meet pumping requirements for these
projects. Irrigation pumping energy, if any, required from the storage
project would be only a small portion of the total energy output of the
project. Sale of such a small amount of energy at low pumping rates
would not materially affect project repayment.

The Glen Canyon Power Plant would provide a source of power which
could be used to meet deficiencies which might arise due to use of water
for reservoir filling if drought conditions should curtail power generation
at other points. Any power losses below Lee Ferry caused by the project
would be temporary, since the project, by regulating the river flow, would
increase potential downstream power generation.

Power from the initial Echo Park unit would be used to meet demands
in northwestern Colorado, southwestern Wyoming, and northern Utah. This
area also would absorb power from the Flaming Gorge unit which is included
in the initial program to permit early coordinated operation with the
Echo Park unit. Energy from the -JJhitewater and Navajo units, also included
in the initial progrrun, would be required at any early date in western
Colorado and northwestern New Mexico. As subsequent units are constructed,
their power output would be absorbed in various sections of the market
area.
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CHAPTER V POWER

All units of the project would be operated on a coordinated basis.
The plants would be interconnected to provide optimum service to the
entire market area, including finning up of other power systems where
needed. A backbone high-voltage system, as shown on the map on the
following page, is tentatively planned to interconnect project power
plants and other power installations in Region 4. Other lines are
planned to permit energy fronl Region 4 to be interchanged with energy
produced by Bureau projects in other regions in Arizona, California,
Colorado, Idaho, Nevada, New Mexico, Utah, and Wyoming. Possible loca­
tions of lines to the other regions are indicated on the map by the
direction of lines approaching the regional boundary. The number of
lines needed for complete development and the final routing of the lines
will be determined as detailed studies are completed.

Power Revenues

Ninety-three percent of the project energy is considered saleabre,
seven percent being allowed for transmission losses. The firm energy
would be sold at an average rate of 5.5 mills a kilowatt-hour and the
firm energy produced in advance of market needs would be sold at an
average rate of 3 mills a kilowatt-hour,

The revenues obtained would be sufficient to pay all operation,
maintenance, and replacement costs of the storage project and to retire
the total project costs within 50 years after the last generating unit
was placed in operation. Power revenues would include an interest charge
of 3 percent on the power investment. A continuing fund in the amount of
$1,000,000 is proposed to be set up from the annual operation and main­
tenance provisions to defray emergency expenses and to insure continuous
operation of the project. Power revenues, including revenues from interest
payments, that are in excess of all project costs could be used to assist
in the payment of irrigation costs of participating projects. A summarized
account of the estimated distribution of project revenues is given in
the following tabulation and a detailed account is given in the chapter,
Financial Analysis.

Total net power revenues for first 70 years $1,g14,006,800
Distribution of revenues

Repayment of power investment 806,150,000
Repayment of irrigation investment 332,950,000
Excess power revenues

Interest component 360,331,094
Earned surplus 314,575,706

Total $1,g14,006,800
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CHAPTER V

Value of Energy

PO\lfER

The value of electric energy was estimated from the cost of producing
energy at steam-electric, coal-burning plants at the principal load centers
in each division of the project market area in Region 4. If it is assumed
that new steam-electric plants constructed in each division of the market
area would be similar in capacity to recent or planned installations in
the division, the cost of energy at the high voltage side of the plant
step-up substation at 60 percent plant factor would be as shown in the
following tabulation.

Divisions I and III
Division II
Division IV
Division V
Division VI
Division VII

Plant capacity
(kw)

60,000
10,000

2,500
5,000

10,000
10,000

Energy cost .
(mills per

kilowatt-hours)

6.61
7.56

10.g3
g.41
7.71
7.06

With the anticipated power load growth in the years ahead it is
reasonable to assume that generating units installed in the future will
be larger than those recently installed or planned. Installations at
important load centers such as Salt Lake City in Division I and at Denver
and Albuquerque in the fringe areas may be as large as 100,000 kilowatts.
Estimates based on July 1, 1949, prices for units of this size, with annual
generation at 60 percent plant factor, indicate an average rate of approxi­
mately 6 mills a kilowatt-hour at the high voltage side of the power plant.
This cost may reasonably be considered the value of power supplied from
the cheapest alternative source in the market area.

Conservation of ~uneral Fuels

World reserves of mineral fuels, notably coal, oil, and gas, exist
in fixed and limited quantities. The enormous present rates of consumption
are rapidly depleting known supplies. These fuels can be preserved in
their natural depositories until taken up for man's use. If little is
used in this generation, more will be available for the next. The flowing
water of the Colorado River cannot be preserved in this sense. Any water
that flows unused to the sea today is lost forever to useful purpose.
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CHAPTER V POWER

The electric energy that could be generated in 70 years by water
dropping through potential power plants of the storage project would be
equivalent to that produced by burning either 225 million tons of coal,
856 million barrels of oil, or 5.6 trillion cubic feet of natural gas.
These fuels, if not so consumed, could be preserved for other vital needs.
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CHAPTER VI

PRO J E C TOP ERA T ION S

Reservoirs of the Colorado River Storage project would have sufficient
active capacity to regulate the flow of the river to meet the Lee Ferry
flow obli[ation even after 200 years of sediment encroachment. About
23,000,000 acre-feet of active reservoir capacity is reserved for this
purpose. In addition, about 11,589,000 acr€-feet of active capacity
designed for sediment retention would be usable until occupied by sediment.
This reservoir capacity, distributed among eight project reservoirs, would
permit flexibility in storage and power operations and increased energy
generation for the first 200 years of project operation.

The full utilization of water apportioned the upper basin is not
expected for about 75 years. In the meantime, any water that is neither
consumed in the upper basin nor required for the initial filling of
project reservoirs will flow through project power plants en route to
Lee Ferry. These unused flows could be regulated in project reservoirs
as desired for maximum firm power generation.

Project operation studies are based on run-off conditions that
occurred in the 34-year period, 1914 to 1947, inclusive. This period
provides the most recent and probably the most accurate stream flow
records available and it is believed to be representative of long-time
conditions of run-off. The period includes a well defined cycle of
precipitation with above normal run-off occurring generally in the 17-year
period, 1914 to 1930, and below normal run-off occurring generally in an
equal period, 1931 to 1947. It includes the driest 10-year period of
record, 1931-1940, which is significant since flow obligations at Lee Ferry
are based on 10-year averages. The sediment load of the river was assumed
to continue at its present magnitude. Use of water apportioned the upper
basin was assumed to progress uniformly in each of two stages with 80
percent of the future development being accomplished in the first 50 years
and the remaining 20 percent in the last 25 years.

Project reservoir operation studies were made on a I1closed-cyclel1
basis, meaning that water from the active regulatory capacity of all
reservoirs was released as required and the capacity was refilled during
the 34-year period. The regulatory capacity of the reservoirs would
have been nearly full at the beginning of water year 1931 and nearly
empty at the end of water year 1940 with full utilization of water appor­
tioned the upper basin. From 1941 to 1947 partial refilling would have
occurred but the period was too short to demonstrate complete refilling.
The period 1914 to 1930 was used to d~monstrate that the reservoirs
could be completely filled under project operation.
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CHAPTER VI

Initial Filling of Project Reservoirs

PROJECT OPERATIONS

Under the planned construction schedule and with average run-off,
all project reservoirs would be constructed and filled to their aggre­
gate capacity of 48,555,000 acre-feet within a 20-year period. During
this period the system would be operated to facilitate rapid filling of
the reservoirs. Water releases would be limited to those necessary to
meet power market requirements and to satisfy the rights of downstream
water users.

Tabulated on the following page is a summary of the operation of
all project reservoirs during a 20-year period of construction and ini­
tial filling. The table shows the manner in Which the reservoirs would
be filled, the annual growth in firm energy generation, and the residual
flows at Lee Ferry. Since variations in annual stream flows during this
20-year period cannot be foretold, average flows were assumed each year.
The flows used were the averages for the 1914-1945 period, corrected for
the effect of progressive development of water-consuming uses above the
reservoirs and for upstream storage regulation. Sediment encroachment
on reservoir capacity was considered negligible during this short
period. The occurrence of protracted subnormal flows during the ini­
tial filling period would require temporary adjustments in project oper­
ation and the correlation of power operations in the upper and lower
basins.

Data shown for year 20 in the initial filling tabulation differ in
some aS~3cts from those for an average year 20 in a closed-cycle opera­
tion study. In a closed-cycle study the reservoirs would not have
remained full at all times so that the average evaporation would be only
810,000 acre-feet annually, compared to 1,045,000 acre-feet from full
reservoirs. With less reservoir evaporation and no average annual
increase in reservoir content during a closed-cycle operation the resid­
ual flow at Lee Ferry would be increased accordingly.

Initial Operation of Completed Project--Year 20

By year 20 all units of the Colorado River Storage project would
be operated as an integrated system with final control of the river flow
at the Glen Canyon Reservoir. Depletions at Lee Ferry from upstream
uses and reservoir evaporation would then amount to about 62 percent of
the use apportioned the upper basin. The maximum annual firm electric
energy output for the project, estimated at 8,962,000,000 kilowatt­
hours, woUld be attained in year 20. Thereafter the annual generation
would decrease with increased upstream water depletions and with
reduced reservoir capacity for the regulation of power water due to
sedimentation and increasing storage requirements for river regulation.
Operation of the system under conditions prevailing in year 20 to pro­
vide maximum firm energy generation would require large withdrawals froru
storage to supplement the below-average flows of the 1931-1940 period.
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PROJECT OPERATION DURING CONSTRUCTION AND INITIAL FILLING OF RESERVOIRS
Annual water utilization in upper basin

(1.000 acre-feet) Residual
Depletion armual•Total system exclusive Storage flow.at

Develop- firm energy of project Project gain in Lee Ferry
ment Water generation reservoir reservoir project (1,000
year year 11 (million kwh) evaporation evaporation reservoirs Total acre-feet)

0 1956 0 2,548 17 88O- 3,445 12,193
1 1957 274 2,614 136 5,388 8,138 7,500
2 1958 831 2,679 217 5,238 8,134 7,504
3 1959 2,592 2,745 307 5,081 8,133 7,505
4 1960 3,710 2,811 462 4,874 8,147 7,491
5 1961 4,730 2,876 539 2,989 6,404 9,234
6 1962 5,564 2,942 599 2,612 6,153 9,485
7 1963 5,995 3,007 647 1,726 5,380 10,258
8 1964. 6,015 3,073 689 1,711 5,473 10,165
9 1965 6,040 3,139 721 1,688 5,548 10,090

10 1966 6,314 3,204 758 1,702 5,664 9,974
11 1967 6,479 3,270 796 1,749 5,815 9,823
12 1968 6,579 3,336 844 1,762 5~942 9,696
13 1969 6,601 3,401 867 1,672 5,940 9,698
14 1970 6,637 3,467 899 1,673 6,039 9,599
15 1971 6,745 3,532 929 1,501 5,962 9,676
16 1972 7,469 3,598 944 1,363 5,905 9,733
17 1973 8,011 3,664 970 1,332 5,966 9,672
18 1974 8,267 3,729 1,007 1,234 5,970 9,668
19 1975 8,849 3,795 1,017 1,215 6,027 9,6lJ
20 1976 8.962 3.861 1.045 1.165 6.071 9.567

Total 48,555 I
\! ___.______"_~_ .___ . __ .___ __________ ._.___ ._~__. ___..t--._. ______... __ "___'_".__ ' ._.--_.. _- _._._-_._-

.'-.1 Year ending September 30 of year shown; based on asstll11ed construction schedule.



CHrlPTER VI PROJECT UPERATIONS

The regulatory capacity of the reservoirs would not have been completely
emptied, however. The annual closed-cycle project operation as of year
20 at the Glen Canyon Reservoir and the resulting flows at Lee Ferry
are shown by the table on the following page.

Ultimate Project Operation--Year 75

Another closed-cycle operation study was made for year 75, when it
is assumed that water uses in the upper basin, including reservoir
evaporation, will result in an average annual depletion of 7,500,000
acre-feet in the flow of the Colorado River at Lee Ferry. At this stage
in upper basin development the reservoir system would be operated pri­
rrarily to satisfy the 10-year Lee Ferry flow obligation. The 23,000,000
acre-feet of regulatory capacity in the reservoirs would be required for
that purpose, Firm electric energy generation, limited to storage releases
for stream regulation, would average about 6,000,000,000 kilowatt-hours
annually.

The maintenance of uniform annual flows at Lee Ferry would not be
economical nor necessary to satisfy the compact requirements which are
based on lO-year moving total flows. Fairly uniform annual deliveries
would be made but some variations would be caused by spills beyond con­
trol of project reservoirs. With a near-constant release from the Glen
Canyon Reservoir the energy generation at the Glen Canyon Power Plant
would vary in relation to the hydrostatic head as determined by the
reservoir water surface elevation. Through coordinated operation, how­
ever, generation at upstream power plants could be increased while the
head at Glen Canyon is low, t.hus maintaining firm power production for
the system,

The estimated long-time average annual evaporation from project
reservoirs under conditions as of year 75 is shown below.

Reservoir

Whitewater
Echo Park
Glen Canyon
Navajo
Flaming Gorge
Curecanti
Split Mountain
Cross Mountain
Gray Canyon
Crystal

Total

Average annual
evaporation (acre-feet)

21,000
87:,000

526,000
16,000
56,000
32,000
8,000

70,000
30,000

negligible
84 ,000



CHAPTER VI PROJECT OPERATIONS

INITIAL OPERATION OF COMPLETED PROJECT--YEAR 20
Final Point of Control at Glen Canyon Reservoir

Unit--l,OOO acre-feet
."1

2/ Glen Canyon Reservoir capacity reduced by 1,650,000 acre-feet
of sediment accumulation in 20 years.

81

Net Con-
evapo- trolled

Inflow ration release Reser- Inflow Regulated flow
to from from voir below Colorado River

Glen Glen Glen content reser- at Lee Ferry
Canyon Canyon Canyon end of voj.r 10-year

Water Reser- Reser- Reser- year (Paria moving
year voir 1/ voir voir 2/ River) Armual total

1914 14,080 440 10,870 16,660 30 10,900
1915 11,290 470 10,720 16,760 10 10,730
1916 13,210 500 10,830 18,640 hO 10,870
1917 15,630 560 11,570 22,140 30 11,600
1918 10,880 590 11,080 21,350 30 11,110
1919 8,930 530 13,6$0 16,070 20 13,700
1920 13,650 440 14,500 14,780 20 14,520
1921 15,210 480 10,400 19,110 20 10,420
1922 12,560 540 11,110 20,020 30 11,140
1923 11,94U 550 11,730 19,680 20 11,750 116,740
1924 10,400 530 11,600 17,950 20 11,620 117,460
1925 9,940 530 11,550 15,810 30 11,580 118,310
1926 11,710 450 11,570 15,500 30 11,600 119,040
1927 13,200 470 10,330 17,900 50 10,380 117,820
1928 12,760 530 10,330 19,800 20 10,350 117,060
1929 15,680 600 10,560 24,320 30 10,590 113,950
1930 11,410 660 10,760 24,310 20 10,780 110,210
1931 7,850 630 8,790 22,740 10 8,800 108,590
1932 10,360 560 12,390 20,150 40 12,430 109,880
1933 8,910 530 9,730 18,800 20 9,750 107,880
1934 7,000 500 8,570 16,730 20 8,590 104,850
1935 9,160 430 9,780 15,680 20 9,800 103,070
1936 10,360 440 9,990 15,610 30 10,020 101,490
1937 10,710 460 9,090 16,770 30 9,120 100,230
1938 12,810 510 8,740 20,330 30 8,770 98,650
1939 10,000 590 7,470 22,270 30 7,500 95,560
1940 8,230 550 11,400 18,550 30 11,430 96,210
1941 13,070 520 11,430 19,670 30 11,460 98,870
1942 13,850 580 11,100 21,840 20 11,120 97 ,560
1943 9,700 570 10,290 20,680 20 10,310 98,120
1944 11,140 560 10,280 20,980 20 10,300 99,830
1945 9,770 550 10,670 19,530 20 10,690 100,720
1946 8,200 480 11,900 15,350 20 11,920 102,620
1947 10,730 400 11, 7.1.9.-- 13,910 20 ~1,790 105.290
Mean 11,300 520 , 10.780 30 10,810

1 Partially regulated by upstream project reservoirs.



CHAPTER VI PROJECT OPE&TIONS

Annual project operation at year 75 is summarized in the table on
the following page.

Project operation similar to that of year 75 would be continued
after that year under the present apportionment of water to the upper
basin. After year 200, however, sediment at the present rate of erosion
would encroach on the reservoir capacity required for river regulation.
Without other measures to control sediment, the effectiveness of the
project in providing necessary river regulation would then gradually
diminish.
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CHAP'I'FR VI • PROJECT OPERATIONS

ULTI¥illTE PROJECT OPERATION--YEAR 75
Final Point of Control at Glen Canyon Reservoir

Unit--1 000 acre feet

y Glen Canyon Reservoir capacity reduced by 5,895,000 acre-feet
of sediment accumulation in ?5 years.

'. -'-'-_ ..,- ..
Net Con-

evapo- trolled
Inflow ration release Reser- InfJ:ew Regulated flow

to from from voir below Colora.do River
Glen Glen Glen content reser- at Lee Ferrv

Canyon Canyon Canyon end of voir 10-year
Water Re~er7 Reser- Reser-

YZi
r (Paria. moving

year VOlr- voir voir River) Annual total

1914 10,450 460 7,470 14,130 30 7,500
1915 7,950 500 7,490 14,090 10 7,500
1916 9,780 510 7,460 15,900 40 7,500
1917 11,910 590 7,470 19,750 30 7.,500
1918 7,510 620 7,470 19,170 30 7,500
1919 7,060 600 7,480 18,150 20 7,500
1920 12,200 620 9,810 19,920 20 9,830
1921 12,620 630 11,840 20,070 20 11,860
1922 10,600 640 9,960 20,070 30 9,990
1923 ,9,520 630 8,890 20,070 20 8,910 85,590
1924 7,820 650 7,480 19,760 20 7,500 85,590
1925 7,000 610 7,470 18,680 30 7,500 85,590
1926 8,730 620 7,470 19,320 30 7,500 85,590
1927 9,510 620 ,8,150 20,060 50 8,200 86,290
1928 9,820 640 9,280 19,960 20 9,300 88,090
1929 12,500 630 +1,760 20,070 30 11,790 92,380
1930 8,330 640 7,690 20,070 20 7,710 90,260
1931 4,870 600 7,490 16,850 10 7,500 85,900
1932 8,440 570 7,460 17,260 40 7,500 83,410
1933 5,970 540 7,480 15,210 20 7,500 82,000
1934 4,640 480 7,480 11,890 20 7,500 82,000
1935 6,360 400 7,480 10,370 20 7,500 82,000
1936 7,250 380 7,470 9,770 30 7,500 $2,,006
1937 7,720 380 7,470 9,640 30 7,500 $1,300
1938 9,560 400 7,470 11,330 30 7,500 79,500
1939 6,500 400 7;470 9,960 30 7,500 75,210
1940 6,180 360 7,470 8,310 30 7,500 75,000
1941 10,590 380 7,470 11,050 30 7,500 75,000
1942 11,120 480 7,480 14,210 20 7,500 75,,000
1943 6,970 480 ,7,480 13,220 20 7,500 75,000
1944 8,350 480 ,7,480 13,610 20 7,500 75,,000
1945 7,440 480 7,480 13,090 20 7,500 75,000
1946 6;050 440 7,480 11,220 20 7,500 75,000
1947 8,290 420 7.480 11.610 20 7.500 75,000
Mean 8.520 530 7 990 30 8 020

1 Partially regulated by upstream project reservoirs.
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CHAPTER VII

FIN A N C I A LAN A L Y SIS

ANNUAL BENEFITS AND COSTS

The degree to which the Colorado River Storage project would be
economically justified was determined by comparing the project1s National
benefits and costs. For the comparison both benefits and costs were
converted to average annual equivalent values. These values were computed
at an interest rate of 2.5 percent over a lOa-year period beginning with
the first year of project operation. Costs were based on December 1949
prices, which are eseentially the same as current prices, while benefits
were based on the average prices expected to prevail over the next 50 to
60 years,

!.nnual Benefits

Tangible benefits anticipated from the Colorado River Storage project
include river regulation for irrigation and other water-consuming uses,
power generation, sediment retention, flood control, fish and wildlife
conservation, recreation, and possibly the development of mineral resources.
vfuile all of the benefits are measurable in monetary terms, only the
benefits from irrigation and power production in the upper basin were
considered in the comparison. The other benefits will be evaluated as
investigations progress and as additional infornmtion on the effects of
the project is provided.

Irrigation Benefits

The Colorado River Storage project, by regulating water releases to
the lower basin, would make possible completion of the development for
irrigation and other purposes of water apportioned the upper basin.
Certain project reservoirs also could provide water for direct irrigation
use in the upper basin. Irrigation benefits from the shortage project
would be realized only with the construction of dependent irrigation
projects. Dependent projects that would use water supplied directly from
the reservoirs have not been investigated in sufficient detail to justify
an appraisal of the benefit value of the reservoirs as a direct source of
irrigation water. This benefit value, therefore, has not been included
in the present analysis. It will be considered in the future as investi­
gations progress on direct-use irrigation projects.

84



CHAPTER VII FINANCIAL ANALYSIS

Before irrigation benefits resulting from flow regulation at Lee
Ferry may be definitely evaluated, determination must be made as to
which irrigation projects will benefit from river regulation. It has
been shown that on the basis of past stream flows presently constructed
or authorized projects using water in the upper basin are protected
against curtailment to meet Lee Ferry obligations even without system
regulation. These projects, therefore, would not benefit from the
regulation provided by the storage project. It has also been shown that
the stage in upper basin development at which regulatory storage will
become necessary to prevent curtailment of water use is approaching, the
exact time being determined by run-off conditions of the future.

The Upper Colorado River B~sin Compact, approved April 6, 1949, is
an important milestone in upper basin development. By defining the rights
and obligations of each upper basin State with respect to the use of water
in the Colorado River system, it made possible a correlated plan of de­
velopment in the upper basin. Potential projects are correlated both as
to water supply and finances in the plan presented in this report. It is
with good reason, therefore, that all irrigation projects using water from
the Upper Colorado River system authorized subsequent to approval of the
upper basin campact are considered dependent on the storage project. The
irrigation benefits of such projects are attributable in part to the
storage project. These benefits will not be credited to the storage project
in the benefit-cost a.nalysis. Rather, and with the same effect, an appro­
priate part of the cost of the storage project will be assigned as a cost
of the dependent projects.

Fish and Wildlife Benefits

A considerable net benefit to fish and wildlife is expected to result
from project development although an exact appraisal has not yet been made
by the Fish and Wildlife Service. Preliminary studies by the Service indi­
cate .that the project will cause some damage to fish and wildlife at all
the reservoir sitesD The loss is expected to be offset by gains, however,
particularly at the Echo Park, Glen Canyon, Cross Mountain, Flaming Gorge,
and Gray Canyon Reservoir sites. Only at the Curecanti site are the
monetary losses expected to be greater than the gains. Facilities for
the conservation and propagation of fish and wildlife that are found justi­
fied in future investigations of the Fish and Wildlife Service would be
provided as a part of project development.

Sediment Retention Benefits

Benefits from sediment retention would accrue to existing and
potential facilities in the lower basin. Data required for an evaluation
of these benefits, however, are not yet available.
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CHAPTER VII

Recreation Benefits

FINANCIAL ANALYSIS

New recreational values are expected to result from the artificial
lakes, access roads, and waterways that would be developed in the rugged
canyons of the Green, Yampa, and Colorado Rivers. Sufficient studies,
however, have not been conducted to permit an estimate of the costs of
recreational facilities and an appraisal of recreational benefits. Recre­
ational aspects of the project are now being investigated in detail by
the National Park Service, and its findings will be considered in a future
benefit-cost analysis.

Flood Control Benefits

Minor benefits from flood control are expected in both the upper and
lower basins. The most significant benefits in the upper basin are expected
in developed areas adjacent to stream channels below project reservoirs.
Capacity reserved for flood control in Lake Mead and other potential
reservoivs farther upstream in the lower basin could be reduced after con­
struction of the Colorado River Storage project. Thus production of
hydroelectric energy would be increased because of greater hydrostatic heads
at the power plants. An appraisal of flood control benefits has not been
made for either the upper or lower basins but may be found desirable in "the
future.

Mineral Development Benefits

The storage project may create benefits by making water available
for processing of minerals, particularly the production of oil from oil
shale which is found in vast deposits in the upper drainage basin. The
benefits realized would depend largely on the method selected for processing
the oil shale. Some methods now being investigated require large quantities
of water. Studies of the project1s effect on mineral resources are being
made by the Bureau of Mines.

Power Benefits

The project is expected to result in power benefits in the upper
basin of $59,084,000 annually, including $35,359,000 in direct benefits
and $23,725,000 in indirect benefits. Allowances were made in the esti­
mates for expected stream flow depletions and transmission losses.

The direct benefits were measured by the gross revenues expected from
the sale of usable energy that would be produced and delivered to load
c enters in the power market area. Anticipated power revenues are shmffi
on the following page.
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CHAPTER VII FINANCIAL ANALYSIS

Sale of firm energy (6,346,000,000 kilowatt-
hours at 5.5 mills) ~34,903,OOO

Sale of secondary energy (152,000,000
kilowatt-hours at 3 mills) 456,000

Total-annual direct power benefits $35,359,000

The indirect benefits were measured by savings in cost and by
increased values that would result from the distribution and utilization
of electric energy generated by the project. These benefits were estimated
from produc tion costs and studies of past use of electric energy in the
potential power rrarket area. The elements considered in determining the
benefits are itemized below.

The saving in production cost realized by
utilities purchasing project power for
resale (assumed to be passed on to the
consumer)

A proportionate share of the retailing
benefits arising from resale of
project power to the consumer at
higher rates

A proportionate share in the increased
value of goods and services pro­
duced by utilization of project power

Total--annual indirect power benefits

Summary

$ 3,554,000

17,844,000

2,327,QQQ

$23,725,000

Benefits of various kinds are anticipated from the Colorado River
Storage project. Only part of the tangible benefits from irr igation and
those from power have been evaluated for -the benefit-co st comparison. The
irrigation benefits are contingent on the construction of dependent projects
and will be credited to those projects. These benefits, therefore, are
not included as benefits of the storage project. They influence the
benefit-cost ratio, however, since an appropriate cost of the storage
project will be borne by dependent projects in benefit-cost analyses. Only
power benefits, therefore, are evaluated directly for the storage project,
The evaluated project benefit s are estimated at $59,084,000 annually.



CHAPTER VII

Annual Equivalent Costs

FINANCIAL ANALYSIS

Federal project costs were used in computing annual equivalent costs
for comparison with the benefits. Annual costs include the present worth
of the estimated construction cost amortized at 2~ percent interest over
the 100-year period of analysis plus the annual cost of operation, main­
tenance, and replacements adjusted for a 100-year period. Adjustments
were made in the construction costs for interest during construction and
for the present worth of the salvage value of project features at the end
pf the 100-year period.

Cost Assigned to Dependent Projects

In the benefit-cost analysis a part of the storage project cost is
. properly assignable to dependent projects that will benefit from the river

regulation provided by storage project reservoirs. It was found appropriate
at the present stage of investigations of dependent projects to distribute
this cost among the projects in proportion to the increase in stream·
depletion that would result from the construction of each project. As
the first step in this distribution, the utilization of water in the upper
basin with and without the Colorado River Storage project was estimated
as follows:

Average annual consumptive use
(acre-feet)

Without Colorado River Storage project

Present and authorized uses

Additional development with Colorado
River Storage project

Dependent projects
Regulatory evaporation

Subtotal

Total development

4,106,000
846,000

2,548 ,000

4,952,000

7,500,000

The lowest cost single-purpose alternative storage system that
would provide holdover storage in an amount equivalent to that provided
by the multiple-purpose project is a combination consisting of Cross
Mountain, Echo Park, and Glen Canyon, with capacities and estimated costs
as shown in the table on the folloWing page ..

88



CHAPTER VII FINANCIAL ANALYSIS

LOWEST COST SINGLE PURPOSE REGULATORY SYSTEM
Estimted

annual
operation,

main t enanc e
Storage capacity Estimated and
1.000 acre-feet) construction replacement

Sediment cost cost
Reservoir Gross 200 years Active (thousands) (thousands)

Cross Mountain 6,540 300 6,240 $ 34,300 $ 36.2
Echo Park 6,460 1,900 4,560 118,300 52.9
Glen Canyon 30 000 17.800 12.200 184.900 100.1

Total 41 000 20 000 23 000 $137 500 !$189.2

The alternative average annual equivalent cost, which is the minimum
annual co st assignable to dependent projects, is estimated at $9,671,000.
Distributed on a basis of 4,106,000 acre-feet of increased annual con­
sumptive use, the cost amounts to approximately $2.35 an acre-foot of
increased annual consumptive use of water. The alternative average annual
equivalent cost includes an allowance for amortization of the construction
cost of the cheapest alternative at 2~ percent interest over a 100-year
period and includes annual operation, maintenance, and replacement costs
of that alternative. Allowances were made in the estimates for interest
during construction and salvage value.

Storage Project Cost~

Items considered in determining the annual costs of the Colorado
River Storage project are shown below.

Cost item

Construction cost
Interest during construction
Gros s pro ject investment

Less pr esent worth of terminal salvage
value

Net project investment
Operation, maintenance, and

replacement cost
Gross annual equivalent in Federal cost

Less annual costs assigned to dependent
projects

Net annual equivalent Federal cost

89

Total co st

$1,139,100,000
24.290,000

$1,213,390,000

32,123,000
$1,181,267,000

Annual
equivalent

cost

$32,262,600

...2.732,100
$41,994,700

2,671,000
$32,323,700
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Benefit-Cost Ratio

Annual evaluated benefits from the Colorado River Storage project
($59,084,000) would compare with the annual costs ($32,323,700) in a
ratio of 1.8 to 1.0.

COST AILOCATIONS

All costs of the Colorado River Storage pro ject, inc luding costs
of construction, operation, maintenance, and "replacements, have been
allocated either to irrigation and other water-consuming uses or to
power production in the upper basin. Costs of features useful for only
one purpose have been allocated to that purpose as specific costs. Costs
of features useful for more than one purpose have been considered joint
costs and tentatively divided between irrigation and other water-consuming
uses and power. Certain project reservoirs may provide some water directly
to dependent projects, but pending further investigations no cost alloca­
tions have been made on this basis. No part of the project co st has been
assigned to dependent projects for repayment. No allocations have been
made to power production in the lower basin, silt retention, flood
control, fish and wildife conservation, or recreation. Allocations to
these and other purposes may be found desirable and justified as studies
are continued. .

Allocation of Construction Costs

Specific construction costs, amounting to $468,900,000, have been
allocated to power. Joint construction costs, amounting to $670,200,000,
have been tentatively allocated to irrigation and other water-consuming
uses and to power by averaging the results of the priority-of-use and
alternative-justifiable-expenditure mthods. This basis for distributing
the project1s joint costs was selected as the most suitable after a study
of several methods of allocation. Tentative allocations are shown in the
followsing table.

AILOCATION OF CONSTRUCTION COSTS -
Joint Costs

Alt ernative-
justifiable- Priority- Average

Specific !expenditure of-use of two Total
Puroose costs method method methods """,,,,,f-.ion

Irrigation
and other
water-
consuming
uses $ -- rtP328,400,00C $337,500,000 $332,950,000 $332,950,000

Power J...68.900.000 '1kl 800 oor 112.700 000 '<.'<.7 21)0 000 806 11)0 000

Total $468.900.000 ~670 200 OOC $670.200.000 Ijb670 200 000btU19 100 000
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Under these tentative allocations, each project purpose would be
charged no more than the capitalized value of its tangible benefits and
less than the cost of it s cheapest single-purpose alt ernativ e development.

Since the project units would be undertaken at different times,
total allocations were distributed to the various units to facilitate
payment studies during the construction period. Specific costs at each
unit were first identified with the purpose served. Remaining joint
costs of the t0tal project were then distributed to the various units.
Separate preliminary distributions of joint costs were made in proportion
to the regulatory reservoir capacity and installed generating capacity,
respectively, at each unit, except that in no instance was the distribution
greater than the actual joint cost of the unit. The two distributions
were then averaged for the adopted cost allocation by units which is shown
,in the following table. This distribution by units would not be further
considered after completion of the project.

DISTRIBUTION OF ALLOCATED CONSTRUCTION COSTS BY PROJECT UNITS
Irrigation
and other

Total water con-
construction Burning

Unit cost uses Power

Cross Mountain $ 51,000,000 ;Jp 24,400,000 $ 26,600,000

Crystal 37,900,000 --- 37,900,000

Curecanti 80,400,000 41,090,000 39,310,000

Echo Park 165,400,000 71,550,000 93,850,000

Flaming Gorge 82,700,000 41,730,000 40,970,000

Glen Canyon 363,900,000 71,920,000 291,980,000

Gray Canyon 178,400,000 45,310,000 133,090,000

Navajo 63,000,000 28,270,000 34,730,000

Split 1'lountain 76,400,000 --- 76,400,000

Whitewater 40 000 000 8.680.000 31.320.000

Total $1. 139 100 000 $332,950.000 :jp806,150,000
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.)

Allocation of Operation, Maintenance, and Replacement Costs

Specific operation, maintenance, and replacement costs of $9,407,000
annually have been allocated to power. Joint costs have been allocated

'to irrigation and other water-consuming uses and to power in the same
proportion as the construction costs. These allocations are shown in the
following table.

ALLOCATION OF ANNUAL OPERATION, MAINTENANCE, AND REPLACEMENT COSTS---- _.
~

Specific Joint Total
Purpose costs costs allocation

Irrigation and other
water-consuming uses $167,700 I $ 167,700I

Power $9.407.000 157,400 9.564.400

Total $9.407.000 $325 100 $9,732.100

Operation, maintenance, and replacement costs have been distributed
to units for payment studies over the construction periods on the same
basis as the construction costs. These distributions are shown in the
following table.

...._- -
Irrig".tion T
and other-

water-
Total consuming

Unit cost uses Power

Cross Mountain $ 414,700 $ 24,600 $ 390,100
Crystal 325,500 -- 325,500
Curecanti 378,100 18,900 359,200
Echo Park 1,199,200 31,900 1,167,300
Flaming Gorge 483,900 22,600 461,300
Glen Canyon 4,428,600 37,300 4,391,300
Gray Canyon 1,239,300 14,800 1,224,500
Navajo 251,000 12,300 238,700
Split Mountain 659,000 -- 659,000
Whitewater 352.800 5.300 347.500

Total $9.732.100 $167,700 $9.564 400

DISTRIBUTION OF ALIDCATED ANNUAL OPERATION, MAINTENANCE AND
REPLACEMENT COSTS BY PROJECT UNITS
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REPAYMENT

FINANCIAL ANALYSIS

As tentatively allocated, the entire construction cost is reimbursable.
The irrigation allocation would be repayable without interest while the
power allocation would be repayable on the basis of a 3 percent interest
rate.

Both irrigation and power allocations would be repaid from power
revenues of the storage project. The project would not directly receive
revenues from irrigation or other water-consuming uses. Irrigation
revenues available to participating projects would be insufficient to
pay the irrigation allocations of these projects. The power revenues of
the storage project would be sufficient to pay operation and maintenance
costs of the entire project and retire all construction cost s within 50
years after completion of the last project unit.

A detailed schedule of project repayment, based on an analysis of
the annual project revenues over a 50-year period of full project opera­
tions, appears in the table on the following page.

UPPER COLORADO RIVER ACCOUNT

All scheduled power revenues from units of the C<1lorado River Storage
project and from participating projects located within the upper drainage
basin, and all scheduled net power revenues derived from the Central utah
project (initial phase) subsequent to complete reimbursement of the
reimbursable costs of that project, would be credited to an account to be
known as the Upper Colorado River Account. The account would be charged
with all scheduled payments on the construction, operation, maintenance,
and replacement costs of the Colorado River Storage project and participat­
ing projects located within the upper drainage basin which costs are
allocated to power purposes or assigned to be returned from power revenues.
The account would also be charged with scheduled plYIDents on that portion
of the construction cost of each participating project allocated to
irrigation which is required to be so paid in order to show full reimburse­
ment of the irrigation allocation within 50 years following a suitable
development period for that project.

Under the plan sufficient charges would be made against the account
to retire the total construction cost of the storage project. The power
allocation would be retired within 50 years following installation of
the last generating unit.
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COLORADO RIVER STORAGE PROJECT
?Oi'"ER SYSTEM

FIJ.:A'~CIAL OFERATIot{ STUDY FOR ElAtHUATION OF AVERAGS. RATE
AED H!TI:T·.Z~:T REPAY:2:ET FROM PU;~ER REVENUES

NO¥EMBER 301950
".' __ ~ rf' ''?('~1"i:: ",'~c'r;;rv Income Deductions Investment Repayment from Power Revenues A110lJable
rr',:-i::n Yi'::""'l~'-""\l~'~' Oneratin Revenues Provisictl>l

Operation Reve~~:v~:~~~.!:!2~r~l Net ReTVI""'ent or Investment Plant in Service at End of Year On id Balance 0 r Colorado Ri r AccountY• .,. Firm in Total Sales of Electric Ener for Operating Interest Beariii.;- Interest Free Scheduled A . te Pro "ect Char es .Scheduled Year

s~~,;v
Fiscal :xcess cf (Col.3 Firm ~~rlll Excess

, (COI~~:~~L 7)
::mergenc", "!alntE<l1'lnce for (Co1. q + Revenues I~Interest Princioal Electric Balance to Irrigation Balance to Electric Irrigation Aggregate Pro- Accumulated ofYe.,. Firm :.l8.rlc et Needs -+-CoL Mills' .1) Mills' :<':x"('pnse Overhead Replacement ~o]. ]')~~c1.1) ) ';0] .?-Col.12 of CoLI', Col.l ~-eo].l p t Be Re aid Plant Be Re id Plant Plant Power Irrie:ation Total ject Cradits Net Credits StudY1 2 6 7 P 11 ". - .1{.-_ 1 18 1 20 21 22 2. 2 Z/..

0 1956 ~

31,320,000 31,320,000 8,680,000 B,680,Ooo 31,320,000 8,680,000 01 1957 255 255 1,402,500 ] ,402,500 2"'7,}.1() 145,500 352,1l00 1,049,700 939,600 1]0,100 106,270,000 106,159,900 80,230,000 80,056,400 106,270,000 80,230,000 110,100 173.600 283.700 1,049,700 766,000 12 1958 460 313 773 2, 530,ClOO °3Q ,Ooo 3,46';',000 '!1'7,}'l() L.2P,900 1,136,200 2,332,800 3,184,797 (251,997) ,08,250,000 308,991,897 152,150,000 150,371,800 302,250,000 152,150,000 (851,997) 1,604,6:}Q 752,6:)3 1,580,197 2,346,197 23 1959 l,e7/. 537 2,L..l1 10,307 ,:JOO 1,611,000 ll,91E1,OQO ;: 2,lJO,)I}") ] ,334,300 3,589,600 f'., 3-2e, 400 9,269,757 (9L..l,357) 330,050,000 331,733,254 15:2,150,000 147,328,SOO 330,050,000 152,150,000
2~~j;~r 3,043,000

~:W;:~~ J:~~:J66 19;m:m I4 1960 2,516 935 3,451 13,838,000 2,805,000 16,643,000 2,346,]00 1,596,500 4,067,f!aO 12,575,200 9,951,998 2,623,202 386,580,000 325,640,052 180,420,000 172,555,800 3U,580,ooo 180,420,000 3,043,0005 1961 3,164 1,235 4,300 17,402,000 3,70 5,000 21,107.000 2,714,5'10 ] ,957,500 4,707,000 . 16,310,000 11,569,202 4,740,798 449,350,000 443,669,254 222,150,000 210,677,400 449,350,000 222,150,000 4,740,798 3,608,400 8,349,198 16,310,000 23,442,754 56 1962 3,992 1,11l3 5,175 21,956,000 3,549,000 25,505,000 :: "
3,224,100 2,410,000 5,759 ,100 19,745,900 13,310,078 6,435,822 471,150,000 459,033,432 222,150,000 206,234,400 471,150,000 222 ,150 ,000 6,435,822 4,443,000 10,f!78,822 19,745,900 32,309,832 67 1963 4,285 1,291 5,576 23,567,50') 3,?73,OOO 27,440,500 :.1.1 ~,1(10 2,612,200 6,237,300 21,203,200 13,771,003 7,432,197 492,850,000 473,301,235 222,150,000 201,791,400 492,850,000 222,150,0:::0 7,432,197 4,443,000 11,875,197 21,203,200 41,637,835 78 1964 4,234 1,360 5,5°4 23,2P7,OOO 4,OP'J,OOO 27,367,000 :' 3,-·:,f..,1'10 2,9:4,400 6,715,500 20.651,500 14,19':,037 6,452,463 492,850,000 466,f!48,7?2 222-,150 ,000 197,348,J.OO 492,850,000 222,150,000 6,452,463 4,443,000 10,895,463 2),651,500 51,393,872 89 1965 4,72~ "'9 5,'6l? 26.004,0')0 2,667,000 28.671,000 3,656,FJI) 2,934,400 6,715,500 21,955,500 14,005,463 7,950,037 532,160,000 498,208,735 263,240,000 233,995,J.OO 532,160,000 263,240,000 7,950,037 4,443,000 12,393,037 21,955,500 60,956,335 910 1966 5 144 728 5 1172 28 292 000 2 184 000 30,476,000 , .• ,
~,P90,lOO 3,078,500 7,093,600 23,3?2,400 14,946,262 8,436,138 599 160 000 556 772 597 263 240 000 228 730 600 599 160 000 263 240 000 8 436 138 5 264800 13 700 938 23 382 400 70,637,797 1011 19b7 ~,570.

ii~ ~;~~~
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I
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27 1983 7,882 7,882 43,351,000 43,351.000 33,618,900 17,:28,004 16,290,096 561,336,688 191,232,600 16,290,096 22,949,096 33,618,900 281,525,3a8 27
28 1984 7,1l17 7,817 .1;2,9°3,500 42,993,500 33,261,400 16,840,101 16,421,299 544,915,389 184,573,600 16,421,299 23,080,m 33,261,400 291,706,4t;9 28

'" 1985 7,752 7,752 42,636,000 42,':,36,000 Opflration, ~i"lint~nance 32,903,900 16,347,462 16,556,438 528,358,951 i;i,;;4,~ ~~ig~'t;~ ~~~~~,t~~ ~~,~~,~~ 301,394,951 '"0 1986 7 687 7687 42 Z78 500 42 278 500 and Overbead (Annual) 32,546,400 15,!l50,769 16,695,631 511 663 320 310 586 720 30
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~:~~~ ~:~~~
41, 21,000
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37 1993 7,234 7.2:34 39,787 ,000 39,727,00:1 30,054,900 12,248,498 17,806,402 390,476,881 124,64~,600 17,806,402 24,465,402 30,054,900 360,651,581 37
38 1994 7,169 7,169 19,429,500 39,4Z3,500 29,697,4Xl 11,714,306 17,983,094 372,493,787 H7,9B3,600 17,983,094 24,642,094 2?,697,400 365 ,706,887 38
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i~]'~;'m I ~~,;~~,~~ 24,824,086
~'~~'r'g ;~~~~~~~~ ~0 1996 7039 7039 38 714 500 38 714 500 2P 91l2,400 10,629,861 11l,352,539 I ,:/,:/,,'076 162 2 011 ~"1Cl
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47 2003 6,586 6,586 36,223,00') 36,223,000 26,490,900 6,646,510 19,844,390 201,705,939 58,052,600 19,844,390 26,503,390 26,490,900 386,232,139 47

"" 2004 6,521 6,521 35,865,500 35,865,500 J2l 16?,200 26,133,400 6,051,178 20,082,:222 181,623,717 51,393,600 20,082,222 26,7.41,222 26,133,400 385,624,317 ""~6
2005

~~~~~ ~~~~~ ;~,50e,OOO 35,508,')00 322a 132,600 25,775,900 5,448.712 20,327,188 161,296,529
~'6i~~%gg ~:~~g,~ i ;;~'iig,~ 20,327,188

6 61::.<:1 000
~,9U,~8 ;5~~~~~~~ ~:~~~;~~~ ~62006 16000 35 156 000 322l;> Hl l,400 25,423,900 4,838,896 20,585,004 140 711 525 20 8 00

51 2007 6,360 6,360 34,980,000 34,981),000 1?1 l,'X)4,400
;;:;;r:~66 ;:~~~:~i~

"',U<6,"4
l~~:~bj:~~;

31,590,2)0 699,S80,OOO 252,720,000 21,026,554 6,485,400 27,511,954 25,247,900 380,329,871 51
52 2008 6,328 6,328 34,804,000 34,~O4,1)00 324 134,700 21,481,351 26,535,800 497,900,000 180,800,000 21,481,351 5,054,400 26,535,751 25,071,900 378,866,020 52
53 2009 6,295 6,295 34.622,500 34,622,500 ).25 85,700 24,~0,400 2,946,109 21,944,291 76.259,329 22,919,800 476,100,000 180,800,000 21,944,291 3,616,000 25,560,291 24,890,400 378,196;129 53
54 2010 6,263 6,263 34,446 ,500 34,446,500 3.1;(l-349 b£J.!u!U1 24,714,400 2,287,780 22,426,620 53,832,709 19,303,800 419,570,000 152,530,000 22,426,620 3,616,000 26,042,620 24,714,400 376,867,m 54
55 2011 6,230 6,230 34,265,000 34,265,000 Total 4,181,400 24,532,900 1,614,981 22,917,919 30,914,790 16,253,200 356,800,000 110,800,000 22,917,919 3,050,600 25,968,519 24,532,900 375,432,290 55
56 2012 6,198 6,198 34,O89,O00 34 ,'J!l'?,OOO 24,356,900 927,444 23,J;S,456 7,485,334 14,037,200 335,000,000 110,800,000 23,.429,456 2,216,000 25,645,456 24,356,900 374,143,734 56
57 2013 6,165 6,165 33,907,500 33,907 ,500 24,175,400 224,560 7,4l?5,334 0 11,821,200 313,300,000 110,800,000 7,485,334 2,216,000 9,701,334 24,175,400 388,617,800 57
58 2014 6,133 6,133 33,731,500 33,731,500 23,990 ,400 0 0 9,605,200 313,300,000 110,800,000 0 2,216,000 2,216,000 23,999,400 410,401,200 58

1~ ~~;5 6,101 6,101 ;;,~~5,ggg ;;,;~~,~gg 23,P23,400
~,~s;:,~ I ;!l~:g~~ ~~~;~g,ggg 2:;~~,~ 2:~~,~ ~3,~~:~ 432,~~~~~ 59

068 6 068 23 ,6LJ.. ,900 60
61 2017 6,036 6,036 33,1ge,00O 33,19a,'J00 ",40 , 4,600,800 197,590,000 69,710,dOO 1,394,200 1,394,200 23,465,900 476,328,000 61
62 2018 6,003 6,003 33,016,500 33,016,500 23,284,400 3,206,600 197,590,000 69,710,000 1, 394,2OCl 1,394,200 2:3,284,400 498,218,200 62
63 2019 5,972 5,972 32,f!46,OOO 32,f!-46,OOO 23,113,900 1,812,400 170,990,000 45,310,000 1,394,200 1,394,2)0 23,113,900 519,937,900 63
64 2020 5,939 5,939 32,664,500 32,664,500 22,g32,400 906,200 170,990,000 45,310,000 906,200 906,200 22,932,400 541,964,100 64
65 2021 5,906 5,906 32,483,O00 32,i.B3,OOO 22,750,900 0 57,500,000 0 906,200 906,200 22,750,900 563,808,800 65
66 2022 5,874 5,874 32,307,000 32,307 ,000 22,574,900

I t
37,900,000

t
0 0 22,574,900 5U,38:3,700 66

67 2023 5,841 5,841 32,125,500 32,125,500 22,393,400 0 t t 22,393,400 608,771,100 67
68 2024 5,810 5,810 31,955,000 31,955,000 22,222,900

~
22,222,900 631,000,000 68

69 2025
~'~~~ 5,~~ ;i~~~,5gg 3i:~~:~:;g

22,041,400
~~,~f,-';~ 653,~~,400 ~~70 2026 0 , .'>0;0.700 m 00 9.7 2 DO 2186 00 0 0 0 0 0 0 0 0 0

Totals 4-34,253 15,215 449,468 2,388,391,500 45,645,000 2,434,036,500 '''l.... r 353,008,200 266,021,500 620,029,700 1,1:'14,006,800 693,2Pl,094 806,150,000 806,150,000 0 332,950,000 0 0 0 806,150,000 332 ,950,000 1,139,100,000 1,814,OO6,eoO 674,906,800 Totals

r----------------------.-- r---------------~-----------_,
AlLCCATION OF COSTS REPAYMENT SUMMARY (;FIRST 70 YEARS)

Power Irrigation

Dams and Reservoirs $337.250,'XJ0 1332,950,000

Power Facilities 249,900,000

Transmission System ~

Total $806,150,000 ;1"·332,950,000

Total

$670,20IJ,OOO

249,900,000

219,000 000

$1,139 ,100,000

Gross Revenue
Operation, ~:aintenanee and Overhead
Provision for Replacement

Net Project Revenues
RepaY!llent of Project Construction Costs

Power Investment
Irrigation Investment

Net Credit Upper Colorado River Account

$2,434,036,500
$354,008,200

266,021,500 -620,029,700

1,814,006,800

806,150,000
_332,950,000 1.132,100,000

~h74,906,eoo

~:

1. Column 4. The non-firm energy considered in this colwnn represents that energy
that is not salable as "firmllunder the estimated load curve at tillle of production. This
results from the planned installation of generating units in advance of markst requirements.

2. Co1U11n 9. A continuing fund sUbject to expenditure b;y the Secretar;y to defray
emergenc;y expenses and to insure continuous operation of the project.

3. Co1U11Il 14. Interest at J1, on power investment for determination of average fira
energ,- rate.

4. Column 20. Each unit of power investment eonsidered to be repaid within 50 ;years
af'ter that unit is placed in operation.

5. Co1um:n 21. Each itsm of investment considered to be repaid 'II'1thin 50 ;years after
the invsstment i's l118de.



CHAPTER VII FINANCIAL ANALYSIS

Credits to the Upper Colorado River Account from the revenues of
the Colorado River Storage project are expected to exceed charges against
the account by the storage project in cumulative amounts shown below.

Year

10
20
30
4D
50
60
70

Net credit from
Colorado River Storage project

$ 70,600,000
196,800,000
310,600,000
374,200,000
382,600,000
454,300,000
674,900,000

Participating Projects

Criteria, listed below, have been established for consideration in
the selection of projects to participate in the Upper Colorado River
Account. Under these criteria financial assistanc e would be given only
to practicable irrigation projects. Assistance is required by nearly all
potential projects in the upper basin since projects already constructed
have utilized the least expensive sites and most convenient water supplies.

(a) A project, unit, or phase thereof may be eligible to
participate only when and to the extent that all sources of estimted
revenue directly available to said project, unit, or phase are insuf­
ficient to return its reimbursable costs during its payout period as
hereafter specified in (d).

(b) It shall be a project for the use in one or more of the
States designated in Article III of the Upper Colorado River Basin
Compact, of water of the Upper Colorado River system, as that system is
defined in such compact, the consumptive use of which is apportioned to
those states by that article.

(c) Its total benefits shall exceed its total costs, including,
but without limitation, any costs attributable to its direct use of the
facilities of the Colorado River Storage project or any other project,
and an appropriate share of the costs of the Colorado River Storage
project.

(d) With anticipated revenues from irrigp.tion, based on the
irrigators I ability to pay, it shall be able to pay the operation,
maintenance, and replacement costs allocated to irrigation and to pay
in a period of 50 years following a suitable development period at
least part of the construction costs allocated to irrigation.
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(e) There shall be available to aid such participating project,
or group of participating projects, an appropriate district, preferably
of the water conservancy type, which shall be satisfactor,y to the
Secretary of the Interior, one purpose of which shall be to provide
revenues for the pro ject over and above those paid by irrigators to
assist in repayment of construction costs allocated to irrigation.

(f) It shall not require assistance from the Upper Colorado River
Account in an amount, which, taking into consideration the priorobli­
gations of the account and the anticipated revenues from its existing
and authorized units, will leave the account in a deficit position at
the end of the pay-out period for the p:lrticipating project as specified
in (d) above or will require an increase in the general level of Colo­
rado River Storage project power rates.

(g) Charges to the Upper Colorado River Account for the benefit of
a project commingling water specified in (b) with other water shall not
exceed an appropriate share of the construction cost of the works required
by that project to use water specified in (b).

(h) Pertinent data sufficient to determine its probable engineering
and economic justification and feasibility shall be available.

The criteria outlined are suggested for all participating projects,
except the Eden project in Wyoming and the Paonia project in Colorado,
which have previously been authorized. The Act of June 2$, 1949 (Public
Law 132, Eighty-first Congress, First Session), which authorized the com­
pletion of the Eden proje ct, provides: llThat construction costs of the
irrigation features of the project which are not hereby made reimbursable
by the water users shall be set aside in a special account against which
net revenues derived from the sale of power generated at the hydroelectfic
plants of the Colorado River Storage project in the upper basin shall be
charged when such plants are constI'ucted.", The Paonia project was author­
ized by the Act of June 25, 1947 (Public Law 117, Eightieth Congress, First
Session). Enlargement of the FiI'e Mountain Canal is in progress under that
act. After authorization it was determined that it would not be feasible
to construct the Spring Creek Dam at the site described in the project
report and that the cost would greatly exceed the e$timate. A bill (H.R.
9244, Eighty-first Congress) Second Session) to amend the authorizing
act is now before CongI'ess. The bill provides that the plan of develop­
ment be revised and that net I'evenues derived from the sale of power
generated at the hydroele6tric plants of the Colorado River Storage project
be used to pay reimbursable construction costs that could not be paid by
the water users within the repayment period of 6$ years specified in the
Act of June 25, 1947,

S~ecia1 consideratiQn would be I'equired for projects p~anned for
irrigation of Indian lands~ Such projects, however, would be evaluated
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by the same criteria as the non-Indian projects in order to detennine
the extent to which they would be assisted by the Upper Colorado River
Account. Any additional assistance required by Indian irrigators would
have to be provided by means other t~n the Upper Colorado River Account.

Water available to the .upper basin is inadequate for all potEntial
pro jects. Considerable study will be required of the many potEnt ialities
before a complete group of dependent pro jects may be chosen that have
water requirements compatible with the apportionments of the respective
States of the upper basin and that are in the best interests of the
individual States and the Nation as a whole. Sufficient investigations
have been completed, however, to permit selection of a few ~rojects for
initial construction and participation in the Upper Colorado River Account.
Other participating projects will be selected on the completion of further
investigations.

Several projects have been recommended cooperatively by the States
of the Upper ~olorado River Basin for initial participation in the Upper
Colorado River Account. Each of tnese projects is discussed in a supple­
mental report.
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STATEMENTS AND PROGRAMS
OF COOPERATING FEDERAL AGENCIES



GEOLOGICAL SUR V E Y

The Geological Survey is responsib:"€ for the collection and
ana.lysis of basic data concerning water resources, mineral resources,
and general geologic conditions affecting dam and reservoir sites. It
makes topographic maps of varying detail appropriate to the several
planning purposes for which they are needed. It also classifies Feder­
al lands as to their mineral, water-power and water-storage values, and
in cooperation with the Bureau of Land Management supervises the develop­
ment of the resources of those public lands.

Although luuch information on water resources of the Upper
Colorado River Basin already has been collected, available records fall
far short of presenting the complete understanding of water resources
which will be needed for purposes. of the storage plan outlined in this
report, and for full utilization of the waters allocated to the re­
spective states under the terms of the Upper Colorado River Basin com­
pact. Detailed geologic maps and data for the Upper Colorado River
Basin are inadequate, and in large areas they are entirely lacking.
The topographic mapping essential for inventory of both water resources
and mineral resources is likewise far from adequate. Only 11 percent
of the basin is adequately mapped, and mapping is in progress in an
additional 2 percent of the area.

For t he purposes of this statement, the requirements for
basic data are grouped as (1) data required for the Colorado River
storage project and for participating and dependent projects; and (2)
data required for general basin development.

Basic-data requirements for the Colorado River
storage project and for participating and dependent projects

The Colorado River storage project and its dependent projects
require a great variety of basic data, some of which is within the
special fields of research of the Geological Survey, and some within
the provinces of other agencies of the Department of Interior,- and of
other Federal agencies. The basic data for which the Geological Survey
is normally assigned responsibility are discussed in following para­
graphs.

Operation of stream-gaging stations required bJ interstate
compacts.--The terms of the Colorado River Compact, the LaPlata River
Compact, and the Upper Colorado River Basin Compact require the opera­
tion and maintenance of nearly a hundred stream-gaging stations in th~

upper basin, of which eighty have been installed. Several of these
have been in operation for 20 years or more, and have provided much
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of the basic data t,pon which the Colorado ;liver storage project is
founded, This is a continuing program, to be carried on throughout
the construction and operation phases of the storage project, These
Compact Stations will provide for the collection of factual data at
index inflow stations and at outflow stations in order to determine
man-made depletions of the water supply for the upper basin as measured
at Lee Ferry.

Other stream gaginc.--Records of stream-flow are currently
being obtained at more than 200 gaging stations in Federal-State cooper­
ative programs. It is proposed that the number of these stations be

• increased to about 340. Some of these basic data are essential to the
Colorado River storage project, but most are required for participating
and dependent projects in which the individual states are vitally inter­
ested. Basic information secured at these stations will also be re­
quired for the determination of consumptive use of water by the differ­
ent states in the upper basin, as provided in the percentage allot­
ments and in the stipulation that the measurement of use will be by
the tlinflow-outflow method!!.

§pecial erosion an? sedimentation studies.--The Colorado River
has always been outstanding in sediment transportation, and has been
cited as a horrible example of land erosion and soil wastage by many
writers. The sediment has been a vexing problem in the preparation of
the storage project. A long-term average sediment load has been com­
puted as 100,000 acre feet where the river leaves the upper basin, and
appropriate allovJances for sediment deposition have been made at each
proposed reservoir site. Refinements in basic data as to sediment
transport can be expected on the basis of records collected or proposed
at numerous compact gaging stations.

But such records give no assurance that the rates of erosion
and of sedilnentation ~rrll not increase over the years, nor do we know
that we can do nothing about reducing those rates. Far more research
is needed before reliable predictions can be made as to sedimentation
in the future, and before evaluation can be made of proposed preventive
measures, The upper basin provides many excellent field laboratories
for such research, and studies are proposed especially in the San Rafael
River Basin, and perhaps in several minor drainage basins. Detailed
geologic and hydrologic data are fundamental to any stuQy of erosion
and sedimentation. A complete analysis of the problem will involve
study also of meteorological aspects, as well as soils and vegetative
cover - that is, coordination of effort among the Geological Survey,
the Weather Bureau, and agencies of the Department of Agriculture.

§peci~l wat~r-Ioss studie~.--Increasedevaporation resulting
from man-made reservoirs is l'ecognized by the upper basin states as
consumptive use chargeable against the basin's water apportionment.
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Thus the chargeable losses are less than the actual evaporation from a
reservoir, for they are reduced by the amount of natural loss from the
stream prior to reservoir construction. In the case of Glen Canyon, it
has been estimated that evaporation losses would average about 63 inches
annually, of which 54 inches would be chargeable to the basin. These
estimates are based on very meager data as to evaporation from free water
surfaces, and transfers of data from remote areas in the case of natural
losses from the stream. Detailed investigations have not been made of
evaporation from streams in the basin under varying conditions of turbu­
lence, or of evapo-transpiration from riparian vegetation or from flood
plains bordering the streams.

The proposed hydrologic study of Brow:1 sPark, Colorado, is
pertinent because it covers an extensive area of phreatophytes that will
be inundated by Echo Park reservoir. It is also a problEm area, for
there are losses in the flood flows of the Green River between Linwood
and Jensen, Utah, which are not yet understood.

The Browns Park area appears to be one of the best in the
Upper Basin for developing the techniques required for the Ilinflow-out­
flow" method of measuring stream depletions, and for making quantitative
determinations of losses by evapo-transpiration and gains by ground­
water inflow. The Green River and Vermillion Creek enter Browns Park
via canyons where the inflow can be determined with reasonable accuracy,
and the total outflow can be determined near the Gate of Lodore. Com­
plete hydrologic mapping of Browns Park will probably yield definitive
infonnation on all hydrologic factors, \'bich my prove useful in analyz­
ing other areas Where the individual factors cannot be segregated.

Unexplained losses of water have been reported also in the
San Juan River basin. The proposed study in the vicinity of the Navajo
reservoir is for the purpose of evaluating this loss, and detennining
the quantities that are lost by evaporation and transpiration.

Five reservoirs in the Green River basin, Wyoming, Utah and.
Colorado.--The purpose of the topographic and. geologic mapping in the
vicinities of the proposed reservoirs is to provide data essential to
the construction and subsequent operation of the reservoirs, and to the
development of resources in the vicinity. These maps would contain data
pertinent to construction of roads and other facilities, and 'WOuld slDw
such features as landslides, faults, thickness and distribution of sur­
ficial deposits, sources of construction materials, and weathering,
strength, and. other physical characteristics of rock formations. Most
of these areas are now covered only by reconnaissance topographic and
geologic maps at small scales which are unsuited to present needs.
Topographic mapping of 73" square mile s is in progress in the Echo Park
and Flaming Gorge reservoir areas.

3
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The proposed ground-water studies are concerned principally
with the Madison limestone and to a lesser extent the overlying Morgan
formation. The Madison is cavernous in many places and gives rise to
large springs in the Uinta Range. Both formations crop out in the
reservoir sites of the Echo Park unit and Split Mountain unit, and warm
springs rise from the Madison in the floor of Split Mountain Canyon of
the Green River. In view of its generally high permeability, thorough
investigation should be made of the formation throughout a broad region,
in order to determine whether there is possibility of significant losses
from either reservoir by seepage.

Glen Canyon reservoir and vicinity, Arizona and Utah.-­
~opograph~c mapping of more than 2bOO square miles has a high priority
ff.lr the Glen Canyon project. Geologic mapping of a slightly smaller
area along the Colorado. and San Juan Rivers is proposed. The rocks
~opping out in the reservoir area are predominantly sandstones, as
shown by geologic reconnaissance. It is known that structural basins
lie northwest of the reservoir site under the Kaiparowitz Plateau and
also under the Henry Mountains. Ground water studies are proposed for
the purpose of determining the position of the regional water table.
There is also the question whether the Kaiparowitz and Henry Mountains
structural basins contain significant amounts of unsaturated strata in
positions where they might draw water from the Glen Canyon reservoir.

Several wells drilled in the region for oil indicate that the
~egional water table is at great depth below the plateaus. In the Mexican
Hat field along the San Juan River, small quantit ie 5 of oil were encountered
in a synclinal structure, an exceptional occurrence which has been explained
as due to the lack of ground water in the area. Ground-water studies are
proposed for the purpose of determining the position of the regional water
table. There is also the question whether the Kaiparowitz and Henry
Mountains structural basins contain significant amount of unsaturated
strata in positions where they might draw water from the Glen Canyon
lleservoir. Drilling tests at the proposed dam site indicate that the
sandstones are relatively impermeable. This impermeability w:>uld insure
that seepage from the reservoir must be slow, but the question remains as
to what losses might be expected during a century or more of reservoir
operation. An annual loss of 100,000 acre-feet could be inconsequentia:J-
in the first year of operati9n, but r;nig}:lt become significant as the
Colorado River waters become fully appropriated.

The Glen Canyon reservoir will extend upstream into Cataract
Canyon, where gypsum and salt of the Paradox formation crop out near
river level in several places. The possible effect of these rocks upon
the quality of water in the reservoir should be investigated. The situation
may be parallel to that at Lake Mead, where soluble rocks in the reservoir
area. (particularlY in Las Vegas Wash) are b.eing, progressively dissolved

4
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as the reservoir al terns. tely inundates and exposes them. The content of
dissolved solids in water flowing out of Lake Mead is appreciably greater
than in the entering water.

Navajo reservoir and vicinity, New Mexico.--This includes an
area of the San Juan River basin that is largely unmapped. Topographic
and geologic mapping of an area of about 600 square miles is proposed.
A major part of the topographic mapping is already under way. Ground­
water studies are proposed in the area down stream from this reservoir,
including the areas near Farmington where the water is used for irrigation.

Reservoirs in the Gunnison River basin, Colorado.--Topographic
and geologic mapping of an area of about 1100 square miles is proposed.
A major part of the topographic mapping is under way. This muld inc lude
the areas of the Whitewater, Crystal and Curecanti units. Ground-water
studies are proposed in the Delta-Montrose area and in other small areas
in the basin where there appear to be possibilities of ground-water
development.

Ground water in the Unita Basin.--The Uinta Basin is believed
to be the most important ground-water area in the Upper Colorado River
basin. It is the principal area of ground-water inflow to the mainstem
canyons in Utah, and is probably the largest contributor of ground water
in the entire basin. It is also an area of large evapo-transpiration
losses. The water so lost obviously does not contribute to the flow of
the river at Lee Ferry; any beneficial use that can be made of it is
therefore not chargeable against the state's quota of upper basin water
supplies.

Studies are needed to determine the quantity stored in the
ground-water reservoir of the Umnta Basin, the sources and amounts of
annual replenishment, and the quantity and quality of water discharged
from that reservoir. These studies are not directly related to the
storage project, but are important in the development and utilization
of water in an area which will be dependent in part upon that storage.

Classification of Federal lands for water developrnent.--The
Geological Survey is responsible for classification of Federal lands
as to their water-storage and water-power values. These values are
dependent in part upon the upper basin's ability to furnish water to
the lower basin as required by compact, and dependent therefore upon
the Colorado River storage project. Many of the streams in the basin
are not adequately mapped, and geologic investigations of possible
dam sites must precede any classification as to their water-power or
water-storage value. The topographic maps resulting from this program
will be used in the classification of the public lands for power or

5
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reservoir purposes. Topographic surveys along the rivers only will be
made in areas not covered by the quadrangle mapping.

Additional geologic mapping.--As a result of the gathering of
general geologic data, studies will be made of areas which may contain
valuable mineral resourees including metals, nonmetalt' and fuels (both
solid and liquid). Theoe studies may be needed in some places to determine
that valuable mineral resources are not made inaccessible by flooding and
to plan water and hydroelectric developments so that water and power will
be available where needed for the mineral industries.

As these studies cannot be planned in advanee of the general
geologic mapping program additional funds will be needed to support them
as the general program develops, and the need becomes apparent.

Many other activities listed in the following table are also
part of a continuing program, 'Which will extend beyond the three year
period indicated in the following tabulation.

Estimated cost of basic-data program of Geological Survey
Colorado River Storage project and dependent projects

Program

Operation of comps.ct gaging stations:

1st "Year 2nd year 3rd year

Installation of 16 new stations
Rehabilitation of existing stations
Operation of 96 gaging stations
Analysis of dissolved and suspended

load

Other stream gaging:

Installation of 125 new stations
Operation of about 340 stations

6

56,000
45,000
86,000

63,000

188,000
240,000

20,000
87,000

63,000

125,000
270,000

86,000

63,000

270,000
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Program

Special erosion and sedimentation studies:

1st year 2nd year 3rd year

Topographic mapping 1600 sq. mi.
General geologic mapping
Hydrologic studies
Sediment-gaging
Dissolved load analysis

Special water-loss studies:

Browns Park
Shiprock and/or Glen Canyon

Five reservoirs in the Green River basin:

$120,000
20,000
20,000
35,000

6,000

50,000
50,000

$150,000
57,000
12,000
27,000
6,000

40 ,000
40,000

$110,000
82,000
12,000
27,000

6,000

40,000
40,000

Topographic mapping 2200 sq. mi. 165,000 210,000 150,000
(700 sq. mi. at Echo Park in progress)

Geologic mapping 2200 sq. mi. 34,000 76,000 g4~000

Ground-water hydrology of about
1300 sq. mi. 6,000 14,000 18,000

Glen Canyon reservoir and vicinity:

Topographic mapping 2600 sq. mi.
Geologic mapping 1700 sq. mi.
Ground-water hydrology
Water quality in Cataract Canyon

Navajo reservoir and vicinity:

Topographic mapping 600 sq. mi~

Geologic mapping 600 sq. mi.
Ground-water hydrology

Reservoirs in Gunnison River Basin:

Topographic mapping 1100 sq. mi.
(470 sq. mi. in progress)

Geologic mapping 1100 sq. ~.
Ground-water hydrology

Ground water in Uinta Basin:

Topographic mapping
Ground water studies

7

195,000
41,000
10,000

5,000

45,000
23,000
10,000

80,000

31,000
10,000

1.50,000
25,000

250 ,000
84,000
30,000

5,000

55,000
38,000
15,000

105,000

55,000
15,000

190,000
15,000

180,000
89,000
20,000

5,000

40,000
42,000
15,000

75,000

62,000
10,000

140,000
15,000



Program

GEOLOGICAL SURVEY

1st year 2nd year 3rd year

Classification of Federal lands:

Tributary river surveys
Geologic investigations

100,000 300,000
100,000

300,000
100,000

Basic data requirements for general basin development

The Upper Colorado River basin is rich in natural resources
whose development is not necessarily an integral part of the Colorado
River storage project, although unquestionably the developments are
likely to be related. Mineral resource development may be contingent
upon the water or hydroelectric power made available by the storage
project. Conversely the nation's need fo r certain minerals (especially
those of strategic and critical importance) my be so urgent as to give
marked impetus to the completion of certain phases of the Colorado
River Storage project.

With respect to topographic mpping, the need for early
completion of mapp::'ng of the entire nation is generally recognized and
has been approved in principle by the nation's leaders. It has been
proposed that the national topographic mapping program be expedited
and brought to completion within 20 years. If the national program is
so expedited by appropriations sufficient to provide the necessary
facilities, the mapping of the entire basin of the Upper Colorado would
be completed within that time.

Under the national pro gram for geologic mapping, most if not
all of the Upper Colorado River basin will be mapped within 30 y~ars.

The mineral resources of the region include especially the mineral fuels
( coal, petroleum, natural gas, and oil shale), base metals (copper, lead,
and zinc), ferro alloys (tungsten, molybdenum, vanadium, manganese) and
uranium, plus several other metallic and nonmetallic minerals. In the
national program priority is given to the areas most promising for the
development of these resources.

Most of the water resources of the basin are intimately related
to the Colorado River storage project. However, large areas are remote
from the mjor streams and from the water facilities that will result
from the storage project. In some of these areas ground water my be
available for development. Very few important aquifers are known in the
upper basin, and there are few wells of moderate to large yield. How­
ever, there is practically no detailed infonnation as to the occurrence
of ground water throughout the basin. A program of progressive appraisal
of all ground water resources is an essential part of the general basic-data
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program for the Upper Colorado River basin. The program should include
investigations of sites for stock wells on public lands, in order to
extend grazing into areas that are not now accessible to stock.

Estimated cost of general basic-data program
of the Geological Survey in the

Colorado River basin

~r:°J!Z~~ 1st yea!: 2nd .ye~..! 3r~~

Topographic mapping $1,500,000(a) $1,750,000(a) $1,750,OOO(a)

Mineral deposits 258,000(a) 405,OOO(a) 628,00O(a)

Fuels 432,OOO(a) l,285,000(a) 1,583,OOO(a)

Ground water 75,OOO(a) 75,000(a) 75 J OOO(a)

Classification of Federal land s 50,000 100,000 100,000

Supervision of mineral recovery
on Federal lands c c c

(a) Part of comprehensive national program. Also these figures
are for the entire basin.

(b) Upper Colorado River basin only.

(c) Dependent on private activity; income from leases is far
greater than the cost of supervisory program.

9
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The functions of the National Park Service are an integral part of
a program of land use of the Department of the Interior. The primary
function of the Service is the administration of the National Park and
Monument system. The Service seeks to preserve and render available to
the public outstanding scenic, scientific, historic, and prehistoric
areas of national importance. The "Park, Parkway and Recreational-Area
Study Act" of June 23, 1936) authorized and directed the Secretary of
the Interior .•. " to cause the National Park Service to make a compre­
hensive study, other than on lands under the jurisdiction of the
Department of Agriculture, of the public park, parkway and recreational
area programs of the United States, and of the several states and polit­
ical subdivisions thereof, and of the lands throughout the United States
which are or may be chiefly valuable as such areas. . •• The said study
shall be such as, in the judgment of the Secretary, will provide data
helpful in developing a plan for coordinated and adequate public park,
parkway and recreational area facilities for people of the United
States."

With this responsibility and the fact that several areas of the
National Park and Monument System would be directly affected by certain
water-control possibilities being considered by the Bureau of Reclama­
tion, it was determined that the National Park Service should investi­
gate and furnish the Bureau with essential facts basic to the establish­
ment of Departmental policy regarding the classification, development
and administration of possible water-control projects and related areas
in the basin, in which recreation is or will become an important dominant
or collateral resource. On January 27, 1941, Secretary Ickes approved
the proposal of the National Park Service and the Bureau for including a
basin-wide recreational survey as part of the studies and investigations
for the formulation of Q comprehensive plan of utilization of waters of
the entire Colorado River system.

The importance of recreational resources in the basin being recog­
nized by the Bureau of Reclamation in planning for water conservation
projects, the National Park Service, through a cooperative agreement
with that agency, carried on a general survey of the recreational
resources of the Colorado River Basin for the Bureau. The results of
these investigations have now been published by the National Park Serv­
ice in "A Survey of the Recreational Resources of the Colorado River
Basin. ,,1/

1/ United States Government Printing Office, Washington 1950. For
sale by the Superintendent of Documents, Washington, D. C.
Price $3.25.
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Subsequent to the above general survey, cooperation between the
National Park Service and the Bureau has continued under a pro gram of
River Basin Studies financed by funds transferred by the Bureau and
later by funds appropriated by the Congress for the purpose. Under the
program it has been possible to nake additional recreational studies of
many of the water conservation projects being actively considered by the
Bureau for development. This has included many important ooits in the
Upper Colorado River Basin. Some of these units have now been authorized,
and it is anticipated that National Park Service cooperation will include
planning of recreational developments to the extent deemed appropriate
in each case. Continuation of this inter-bureau cooperation in the field
of recreational resources and their development is now covered by a
Memorandum of Agreement between the Bureau of Reclamation and the National
Park Service approved by the Secretary of the Interior on July 28, 1950.

Departmental policy is to retain cont rol 0 ver and, thro ugh the
National Park Service, develop and manage the recreational resources of
those reservo irs of Bureau of Reclamation projects with recreational
potentials of such rID gnitude that they are determined to be of national
interest; and through agreement s on long-term lea ge or by outright trans­
fer of title to lands, provide for the management, by state or other
appropriate local agencies, of the recreational resources on reservoirs
of less than national importance following initial development with
Federal funds. There is need for appropriate legislation to effectuate
this policy, as well as authorization to allocate to recreational bene­
fits a, portion of the co sts of water control pro jects. Legislation is
also needed to authorize acquisition of lands essential to the recreational
development and use of the resources in addition to lands acquired for the
prinary purposes of the pro ject.

vfuere reservoirs are within or adjacent to national forests, an
agreement has been effected whereby the subsequent administration,
operation and maintenance of recreational developments will be assumed
by the U. S. Forest Service as part of the National Forest recreational
program.

It is a function of the National Park Service, to the extent of
available resources, to conduct surveys and salvage of archeological
renains endangered by water conservation projects. Cooperation of the
Smithsonian Institution and state universitie s and other local organiza­
tions is also enlisted. As yet, comparatively little work of this nature
has been done in the Upper Colorado River Basin.

Appropria tions available to the National Park Service have been
insufficient for the Service's functions in water resources development
to keep pace with the progress of prirrary agency investigations, planning
and development.

2
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Basic data relating to rec"reational needs generally would be of
great value in appraising recreational benefit s and preparing well­
considered, coordinated development programs for water control projects.
The preparation of reports by the National Park Service under the
authority of the Park, Parkway and Recreational-Area Study Act terminated
sho rtly before World War II and the reports prepared prior to that time
are now largely out-of-date.

Evaluation of Recreational Benefit s of Reservoirs

Under the terms of the inter-Bureau agreement approved July 28, 1950,
it is the responsibility of the National Park Service to prepare for the
Bureau monetary evaluations of potential recreational benefits. These
monetary benefit s may be used by the Bureau in computing the share of the
joint costs of reservoir pro jects allocable to recreation and in justify­
ing Bureau of Reclamation requests for funds for both specific and joint
costs allocable to recreation, When such procedure shall be authorized.

The evaluations are based on analysis of all factors involved in the
suitability of an area for recreational uses, type and probable extent of
use, and developments and facilities which will be appropriate and adequa.te
to accommodate such use. Basically, and provided no loss or destruction of
existing recreational values is involved, it is held that benefits arising
specifically from development of recreational facilities will be equivalent
to total annual costs, capitalized over the anticipated useful life of the
.project. Similarly it is estimated that additional benefits accruing
from joint use of a reservoir, for recreational purposes, will be equal to
those arising from the development of facilities. The sum of these fieures
represents the total estimated monetary recreational benefits.

This amount, then, represent s the judgment of the National Park
Service as to a reasonable and conservative valuation of the recreational
benefits accruing to the public as a result of a reservoir. It is neces­
sarily conjectural, as the appraisal deals with many intangibles that are
difficult to evaluate and involves an attempt to foresee conditions that
may or may not materialize.

Upper Colorado River Basin Water Utilization Program and its Effect on
Recreation

The report, "A Survey of the Recreational Resources of the Colorado
River Basin," emphasizes the magnitude of outstanding scenic, scientific
and other geographic and historical features of the basin.

From Gannet Peak in the Wind River Mountains, highest point in
wyoming, elevation 13,785 above sea level, Milner Pass in Rocky Mountain
National Park, and the 14,OOO-foot mountain peaks in southwest Colorado
to the 3,100 foot elevation of the river at Lee Ferry, marking the lower

3
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end of the upper basin, lies a great region of forests, deserts, plains,
mountains, canyons, and plateaus. In conunon with the whole basin, the
Upper Colorado Basin is one of the most outstanding recreational sections
of the United States, because of great variety of natural scenery, climatic
conditions and areas and objects of scientific interest, its early romantic
history, archeological background and present Indian and Anglo cultures.

In this nationally significant recreational region the entire gamut
'Of outdoor recreational activities may be enjoyed, inclUding hunting,
fishing, photography, nature study', snow sports, boating, swimming, horse­
back riding, camping, mountain climbing and exploration. Two national
pa.rks, in whole or in pa rt, and nine. national monuments have been established
within the basin to preserve some of the most outstanding natural, scien­
tific, and cultural features. Large sections have been included in national
forests, wildlife refuges, wilderness areas, grazing districts, and to some
extent, Indian reservations. Much of the basin is in public ownership, a
natural corollary of a small and thinly scattered population.

It is only natural in a region so endowed that recreation should
b€come one of the major industries. Agriculture is restricted largely to
~rrigated sections. Mining, lumbering, and the raising of cattle and
sheep first attracted settlers to the basin, but the recreational features
are now attracting many mor.e; and as the various sections of the basin
become better known and more accessible to the densely popula ted regions
Cf the United States through improved highways and air transportation,
~atering to the recreational business should become a major industry.
~o foster this industry, it must be recognized that recreational use of
:and may in certain places be the highest or best use for the general
Welfare of the people in the basin and in great sections of the basin
Should be on an equal basis with other uses, such as grazing or production
of timber. One of the most important recreational aspects of the basin is
the great stretches of open range, unobstructed by buildings, fences,
transmission lines, and other sign s of modern civilization. As other
sections of the United States become more and more highly developed, this
One feature of the Colorado River country, if preserved, will have unusual
appeal. Such preservation, at least in large measure, should not be
difficult in . the vast and,wild region traversed by the Colorado River in
the lower reaches of the Upper Basin. Here in dramatic contrast to the
great forested mountain ranges along the Continental Divide where head­
waters of the Colorado and the Green rise is desert and semi-arid country
slashed by deep and colorful gorges and canyons.

In the development of water resources which are so vital to the
basin, recreational use should be considered along with other uses, such
as irrigation, power, municipal and industrial water supply. In the
mountains and high plateau sections of the basin the clear, cold streams
and lakes offer excellent fishing amid delightful surroundings. In some
instances the recreational value of these streams and lakes may be such

4
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as to make this their most important use. The Green River Lakes, New Fork,
Willow, Fremont, Half Moon and Burnt lakes, within Bridger National Forest,
along the slopes of the Wind River Range are natural lakes which are held
to be unmistakably in this category. On the other hand, the original
scenic values of Boulder Lake in the same area have been impaired by
developments am would not be seriously affected by further utilization.
The western slopes of the range in which these lakes are located include
a mountain area of such exceptional scenic quality and recreational
value as to be clearly of national importance.

In other sections, the creation of reservoirs for irrigation,
important hold-over functions for compact ~bligations, or power will
frequently create new water areas of recreational importance. There are
instances where the raising of water in impoundments would submerge
natural areas of recreational, scenic, and scientific value or archeological
importance. In such cases, it must be decided whether a reservoir in the
location justifies the sacrifice of these existing values.

In cases Where important archeological features WDuld be inundated
bJr the reservoirs, there should be a thorough survey and excavation for
recovery of artifacts and data, so that knowledge of the archeological
material will not be lost forever. In the larger reservoir areas,
survey s should also be rrade of flora and fauna and records kept of the
original biota.

In varying degrees the recreational potentialities of many of the
proposed Upper Colorado River Basin reservoirs have been studied by the
National Park Servic e. The se include, notably, the unit s included in the
Colorado River Storage Project and reservoir units of the proposed
Ilparticipating projects. 11 Some reservoirs outside this group have also
been surveyed and initial reports prepared on the findings for the Bureau.
As project plans are further developed and construction is authorized,
more comprehensive and detailed studies will be required in order to
assure properly coordinated recreational developments that are commensu­
rate with established needs, and in the general public interest.

As other projects in the basin are brought into the picture,
additional investigations will be necessary. In this category are many
possible units under various degree s of consideration in the Yampa,
Upper Colorado, Gunnison, Dolores, San Juan and other tributary drainages.
Some of these will involve diversion of water from the Colorado basin.

The adverse effects certain reservoir units of the Colorado River
Storage Project would have on areas of the National Park System has been
a matter of the gravest concern to the Service. The Glen Canyon Reservoir
could impair the scenic value and even the stability of the Rainbow Bridge,
the largest and most beautiful of all known natural bridges. However, it
appears that measures to protect this national monument could and would
be included as appropriate features of project development.

5
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The Curecanti and Crystal reservoir units of the project would
regulate river flows through the Black Canyon of the Gunnison National
Monument. While such river regulation involves changes in natural con­
ditions that are held to be very undesirable, nevertheless it is recog­
ni~ed that the effects of flow regulation would not be sufficiently
adverse to override the economic advantage to be gained thereby in the
public interest.

Of the greatest concern to the National Park Service has been the
inclusion in project plans of two reservoirs on the Green and Yampa
Rivers within Dinosaur National Monument, where nationally significant
scenic, scientific and other recreational values would be irreparably
damaged or lost altogether by dam construction, related works and by
inundation. However, after carefully weighing all factors and values
involved, it has been determined by the Secretary of the Interior that
the conservation and multiple use of these waters is more in the interest
of the people of the West and of the whole nation than the preservation
of existing values.

The foregoing problems are more fully covered in the National Park
Service reconnaissance report dated November 1950 on the recreational
values of the Colorado River Storage Project. The purpose of that report
was to consider, in only a very broad and preliminary manner, possible
recr'eational aspects of the project reservoirs, with due regard to exist­
ing conservation and recreational values. The scope of the report, ba~ed

on the limited reservoir data and operational information currently
available, in most cases, does not permit of analysis of economic factors
involved, including consideration of possible recreational benefits or
values on a monetary basis. It is contemplated that more detailed studies
on certain of the project reservoirs and others similarly involved in the
Upper Colorado River Basin water utilization and control plan will follow,
in line with schedules of studies and developments.

In the event that any of the project reservoirs are to be created,
the report recommends that arrangements be made for adequate archeologi­
cal surveys, and, so far as judged necessary, for excavations and salvage
of scientific artifacts and information.

It further recommends:

That the recreational resources inherent in the reservoirs receive
consideration commensurate with their importance during all stages of
project planning and development.

Land acquisition programs receive careful consideration where areas
suitable and necessary for recreational uses and development are involved,
whether by purchase or by arrangements with Federal agencies where
applicable.

6
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Arrangemonts be made to assure, in each case, adequate administra­
tion, operation and maintenance of recreational developments by some
qualified agency prior to final planning and provision of developments
with Federal funds.

Excerpts from the report concerning the ten reservoir units of the
Colorado River Storage Project are given in the following sections.

GLEN CANYON RESERVOIR

The site now under consideration for the Glen Canyon Dam is located
near river mile 15 (i.e., above Lees Ferry, Arizona) in the Glen Canyon
Section of the main volorado River. According to information furnished

. by the sponsor, it would be possible to construct a dam at this site to
~pound 34,000,000 acre-feet of water Which would correspond to a maximum
surface elevation of 3,750 feet MSL. While the desired capacity has not
been determined, physical data for a tentative capacity of 26,000,000
acre-feet have been furnished by the sponsor for use pending the comple­
tion of the present studies. These are given below:

Planned capacity 26,000,000 acre feet
Corresponding "dead storage"
capacity 6,000,000 acre feet

Maximum water surface, el. 3,710
Minimum If II " 3,510
Maximum reservoir area 153,000 acres
Minimum II II 56,000 acres
Maximum reservoir length 186 miles to river mile 201
Minimum II " (approx. ) 168 miles to river mile 183
Present river elevation 3,135 feet
Dam height, 580 feet above present river

The Glen Canyon Reservoir would offer the last opportunity for con­
trol of upper basin residual water flows for meeting compact deliveries
to the lower basin at Lee Ferry. Provision for power production would
be made. Regarding operation of the reservoir, the following information
has been furnished:

"Probable operation would pattern other main-stem reservoirs.
During normal or above normal years of runoff, the reservoir draw­
down would be less than thirty feet with storage used only for
seasonal regulation of power releases. Extensive drawdown would
result only during a protracted dry cycle with maximum drawdown
the result of a cycle as severe as the 1931-1940 period. The
reservoir would be refilled by storing the surplus flows of subse­
quent high years.

7
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Description of the Site

The narrow, vertical-walled, red sandstone gorge of the Colorado
River at the l5-mile dam site is approximately 700 feet deep. Through a
great deal of its length the reservoir will be similarly restricted with
occasional extensive basins such as will occur at the state line where
Nahweep and W3.rm Creek Canyons empty into the Colorado--the former a mile
and a half above the dam site and the latter at the state line. Similar
basin enlargements would occur shortly above the state line at the con­
fluences of Cottonwood Canyon on the north and West Canyon Creek on the
south. Between these creeks lies the historic "Crossing of the Fathers"
area, which would be entirely inundated. A little more than 40 miles
above the confluence with the San Juan River, where Bullfrog and Hall
Creeks flow into the canyon from the north, another important reservoir
enlargement would occur. More often, however, canyons and side draws
drain into the river on comparatively steep gradients, and reservoir
extensions into the draws would, for the most part, be limited. At
elevation 3,710 the reservoir would apparently extend up the San Juan
River 70 miles or more. The upper reaches of the reservoir would lie in
the restricted confines of Cataract Canyon of the Colorado, nearly 20
miles above the mouth of Dark Canyon.

Glen Canyon Reservoir area lies in the heart of the so-called
Escalante Country, or Canyon Lands, of southeast Utah, one of the most
rugged, roadless and inaccessible regions of the United States. In the
National Park Service survey of the recreational resources of the Colorado
River BaSin, thi s part of the basin is described as a "wild and fantastic­
ally eroded land of winding gorges and sandstone mesas whose vast expanses
are punctuated at irregular intervals by the isolated, steeply upthrust
masses of the Henry, Abajo, and Navajo Mountains. With the exception of
the mountain summits, which are cool and moist, the greater portion of
the area receives but little snowfall in winter and is characterized by a
long, warm ~ummer season. Average temperatures are higher than those of
valleys to the north, in conformity with the decrease in latitude, but
lower than those of deserts to the south. The annual precipitation ranges
from about 6 to 14 inches with the greatest amount coming from thunder­
storms during July and August. Into this desolate but spectacularly scenic
sandstone area, through a deep, meandering gorge, flows the turbid San Juan
River from the east, draining a far-reaching area, including La Plata
Mountains, the San Juan Mountains and other lesser ranges on the Continen­
tal Divide, the Chuska Mountains, and enormous areas of mesaland in the
interior of the basin. From the Wasatch and Aquarius Plateaus on the west
come other but lesser, silt-laden streams, all carving the deep, winding
canyons which have given this country it s name. II

Owing to very difficult access, and the extremely limited local
population, probably numbering a hundred or less all told in the area,

•
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present recreational use must be negligible, although the Fish and Wild~

life Service reports that there are some catfish and Colorado white fish.
The most notable recreational use of the area probably consists of the
occasional "floats ll or boat trips which are made down the river, notably
down the San Juan and Colorado to Lees Ferry and sometimes beyond, even
through the Grand Canyon to Lake Mead.

There is ample evidence that the reservoir area is rich in archeo­
logical material, as yet very incompletely survqyed. A reconnaissance
of archeological sites in the Colorado River canyons between the Fremont
River and Lees Ferry was made by boat in 1932. This covered in large
part the main reaches of the river that 'WOuld be flooded by the Glen
Canyon Reservoir. The survey was made by Dr. Julian Steward, then of 'the
University of Utah (later staff member, Bureau of American Ethnology,
Smithsonian Institution, and presently on"the faculty of Columbia
University). Some 27 sites were located on the sides of the main canyon.
It is probable that many other sites occur in side canyons often, however,
above reaches that will be inundated by the reservoir. No known archeo­
logical remains presently within a National Park Service area are involved.

No study of historical values associated with this reservoir area
has been made in connection with the report but what is probably the
most interesting feature in this respect, namely, the Crossing of the
Fathers, has been mentioned.

Effect of Glen Canyon Reservoir on National Park Service Areas

L Rainbow Bridge National Monument

This choice, unique and highly significant National Monument is
located in Rainbow Bridge Canyon shortly above its confluence with Aztec
Creek which in turn drains into the Colorado River a little above river
mile 68, or approximately 53 river miles above the dam. It comprises
one quarter section or 160 acres. From U.S.G.S. topographic maps, it
is estimated that the Rainbow Bridge National Monument is approximately
four canyon miles from the main river. Grade surveys made by the Bureau
of Reclamation indicate a canyon elevation of approximately 3570 at the
west monument boundary and that the bottom of the canyon under the Bridge
is at elf 3654.10.

The maximum water elevation now proposed would, at the site of the
Bridge, rise approximately 56 feet within the restricted channel, 'WOuld
not overflow the channel and would be more than 11 feet below the lower
of the two abutments.

Frequency data have not been provided. There is, therefore, no
indication as to how often the contemplated maximum elevation would be
reached or how long retained. Both factors have a direct bearing on the
effects of the proposed reservoir on the Bridge.

9
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Water backing up Rainbow Bridge-Creek under the Rainbow Bridge would
leave unsightly deposits of flotsam, as well as staining the walls of the
gorge. However, by far the most serious effect of flood waters reaching
the bottom of the water course beneath the span would be the danger of
undermining the buttresses of the Bridge itself. Sta.nding water would
dissolve cementing materials in the rock causing the sides of the water to
slough off, thus rapidly narrowing the supports beneath the ends of the
Bridge. It is conceivable that with water backing up no farther than to
cause standing water in the water course beneath the Bridge, softening
and sloughing of the banks of the water course could be, in a relatively
few years, sufficient to cause the weakening of. the ledges beneath the ends
of the Bridge and the collapse of the Bridge itself.

The Rainbow Bridge is considered by some to be the world's greatest
known natural bridge. Certainly it is an outstanding and world famous
natural feature, with the protection and preservation of Which the
National Park Service is entrusted. It is held that no potential recrea­
tional values which could otherwise be determined to be inherent in the
reservoir could compensate for the loss of this irreplaceable natural
feature to the public for all time to come. The National Park Service
would be opposed to the Glen Canyon Reservoir on any basis or plan of
operation Which threatened the stability or natural scenic value of this
national monument.

Analysis of the conditions attending the relation of Rainbow Bridge
National Monument to the proposed Glen Canyon Reservoir, so far as they
can at this time be determined, indicates that some modification of the
reservoir and 'its operational plan might be possible, to an extent Which
would eliminate dangers of any adverse effect on the Monument without
jeopardizing unduly the value of the reservoir for primary purposes. A
reduction in maximum water level from the proposed 3710 feet to 3650 would
accomplish this end.

The National Park Service is not, of course, in a position to express
a valid opinion as to how seriously such a change in plan would curtail
the value of the reservoir for primary purposes. It is, nevertheless,
recalled that at one time a tentative spillway level at 3528 feet was
considered in connection with the al temate 114 mile ll site shortly above
Lees Ferry. It is broadly estima.ted from area capacity curves furnished
by the sponsor that lowering the maximum surface 60 feet would mean a
sacrifice of storage capacity of between 8 and 9 million acre-feet. To
what extent compensating increases in storage in other reservoirs above
Glen Canyon could be accommodated has not as yet, apparently, been
determined. These are possibilities Which should be fully explored in
advancing studies for the Colorado River Storage project.

Another method of protecting monument values is under active considera­
tion. This would involve a cutoff dam in the canyon below the monument,
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which, with appurtenant works, including a by-pass pumping plant, would
protect the monument with completely negligible loss of Glen Canyon
Reservoir storage capacity.

The sponsor has given assurance that adequate protective measures
will be included in plans for project development.

2. Grand Canyon National Park and National Monument

This outstanding National Park (with the Monument) has been mention€d
as an area which could be affected by a reservoir above a Glen Canyon Dam.
To the extent this would be true would involve almost any plan of reser­
voir operation. The tributar,y San Juan River is a heavy silt bearer, and
the creation of a river barrier below the mouth of that river would
materially reduce the silt content of the Colorado River through the Grand
Canyon. Scientifically, this is an important element in the over-all
Grand Canyon National Park picture. However, since there are considerable
'contributions to Colorado River silt below the San Juan, changes in the
appearance of the river could, possibly, be comparatively slight.

Conceivably of greater significance would be regulation of stream
flows through the park, which now vary from minimum flows to the great
rushing torrents which result from the melting snows in the high Rocky
Mountain sources of the river.

It is not possible to determine exactly, at this time, how extensive
effects on Grand Canyon National Park would be. However, on the basis of
maintaining the natural conditions of National Park Service areas, any
alteration of silt content or stream flow could be considered as an adverse
effect.

Nevertheless, certain other elements in the possible effects of the
Glen Canyon Reservoir on Grand Canyon National Park (and its related
Monument) are noted. These involve the probable reduced fluctuations in
the proposed Bridge Canyon Reservoir, presently under serious considera­
tion on the Colorado River below Grand Canyon National Park. Reduction
in fluctuations in the Bridge Canyon Reservoir would be most apparent
in the upper reaches, where both Grand Canyon National Park and Grand
Canyon National Monument would be directly involved. In the latter
connection, too, reduction in silt and river debris which would occur
as a result of the Glen Canyon dam would likewise reduce the unsightly
effects of fluctuation in the lower reservoir.

Potential Recreational Use

In the event that it is possible to realize a Glen Canyon Reservoir
which would not jeopardize irreplaceable natural values in Rainbow Bridge
National Monument, rather striking advantages could result from the cre­
ation of an extensive reservoir in this scenic area.
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In the National Park Service section of the Interim Report on "The
Colorado River" (July 1947) it was noted that "much of the country border­
ing the Colorado and Green Rivers through this section of Utah is of high
recreational value. It is a region of great colorful spaces, mountains,
plateaus, canyons, desert, forest and weird formations, probably the
greatest display of erosional effects in the United States, other than
the Grand Canyon, and equally grand, though different in character. II

Such a reservoir could warrant developments commensurate with esti­
mated recreational use. High among potential values would be the advantages
of waterborne access to remote corners of this wild canyon country, includ­
ing the vicinity of the .Rainbow Bridge National Honument. At present,
difficulty of access to this natural wonder has limited public enjoyment
to the hardy and privileged few who can afford the time, cost and effort
of reaching it over a pack trail.

The character of Glen Canyon at the dam site would make access to
the reservoir difficult, although the general area would be reached over
project construction roads. The situation would be somewhat similar to
that at Hoover Dam and Lake Head, where actual access to the reservoir
for general recreational purposes is not in the gorge at the dam, but at
various points above the dam where short areas are suitable for access
and related developments. At this reservoir the great bay formed where
itJahweep and Warm Creek valleys enter the Colorado could function in this
way. Construction of roads into this area from tne dam site would be
rather difficult and costly, but, it is believed, not prohibitive. There
are inQications that it would also be possible to reach this area by road
from Kanab, Utah.

It may be feasible to approach the reservoir at some point on the
west side near the base of the Kaiparowitz Plateau, and again in the
vicinity of Hite, where possibilities of constructing a main highway
bridge across the river shortly below the mouth of Fremont (Dirty Devil)
River are under consideration. Such a bridge would service an important
thoroughfare across the wild country of southeast Utah. The nature of
this area indicates that this through road approximately midway between
present highway crossings at Hoab, Utah, and near Lee Ferry, Arizona,
would very probably be the only trans-Escalante Country highway for
many years to come. It could afford interesting access to the upper
rea.ches of a Glen Canyon Reservoir.

A more comprehensive study of recreational possibilities which may
be inherent in the Glen Canyon Reservoir may be undertaken shortly.
Consideration of potential recreational use can be more appropriately

, discussed in such a report than in this preliminary review of 'the Colorado
River Storage Project as a whole. In general, however, it has been noted
in earlier comments on the proposed Glen Canyon Reservoir that the Wahweep

. and Warm Creeks area appears to be a logical and desirable place for
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recreational boating and housing facilities, and for headquarters for
boating operations and parties wishing to explore this section of Glen
Canyon by land or water.

It is emphasized that earlier studies of this project were based
on plans of reservoir operation which could not involve such irreplace­
able natural values as those which current plans could critically jeop~rd­

ize at Rainbow Bridge National Monument.

Recommendations

The primary recommendation concerns adequate protection of the
nationally significant values in Rainbow Bridge National Monument.

It is especially important that arrangements should be made to fully
explore archoologi.cal s5.tes in the Glen Canyon Reservoir area and to
effect salvage operations so far as just.ified to prevent loss of artifacts
and scientific information.

vVHITEWATER RESERVOIR

The vJhitewater Dam site of the Whitewater unit is on the Gunnison
River shortly above the confluence with the main Colorado River, in west
central Colorado. It is about two miles south of the sooll town of
I~itewater (on U. S. Highway 50), and 9-1/2 miles southeast of Grand
Junction, most important center of population in this pa~t of Colorado.

The following information has been provided regarding the operation
of the reservoir:

liThe Whitewater unit of the Colorado River Storage Pro ject has
several potential purposes, some 0 - which are dependent upon
decisions which have not been oode at this time •. For the purpose
of present studies, the best estimate is that the reservoir will
furnish replacement water (51,400 a.f.) to Orchard Mesa Lands,
presently served from the Colorado River. The remaining capacity
will be used for regulation for the generation of firm energy.
Actually by operating the reservoir as described above, the reser­
voir can be credited with providing considerable ho~_dover storage
for delivery to the lower Colorado River Basin during periods of
low runoff.

liThe above method of operation will be altered when additional
storage is provided upstream on the Gunnison River or if future
depletions on the Upper Colorado River and its tributaries make
replacements to the Grand Valley Canals necessary. II
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Analysis of the chart showing monthly reservoir stages through
period of operation (1921-1940 inclusive) and the related table giving
pool surface elevations at the end of each month for the same period
(both furnished by the sponsor) reveals that operation of the reservoir
would be singularly favorable for recreatiqnal uses. In common with other
impoundments in the main Colorado system, minimum pools would occur late
in the winter or early spring--quite consistently about the end of March.
With equal consistency, heavy flows from melting high mountain snows would
fill the pool to normal capacity by the end of May. Fluctuations during
the most important recreation-use seasons would tend to be very nominal,
reservoir spills from overflows occurring generally during the summer
months, and only by late summer and fall would the long gradll.'1.1 drawdown
to late winter lows begin to be noticeable.

The Bureau of Reclamation ha s furnished the following pertinent
information in connection with this reservoir, which is under considera­
tion for irrigation, power, holdover and replacement for transmountain
diversion:

Planned capacity 880,000 a.f.
Maximum water surface elevation 4,880
Minimum water surface elevation 4,756
Maximum water surface area 10,250 acres
Minimum water surface area 2,700 acres
Present stream bed elf at dam site 4,630
Length of reservoir at maximum 35 river miles
Length of reservoir at minimum (approx.) 18 river miles
Dam height 255 feet

At extreme high water, the reservoir would extend to a point 4 milES
west of Delta.

Description of the site

Located entirely within the lower reaches of the Gunnison River, the
reservoir basin lies in rather gently rolling, unspectacular valley lands
which intervene between the massive, 10,000 feet high Grand Mesa on the
northeast and the similarly forested height of the Uncompahgre Plateau
on the southwest. Vegetation is generally sparse, involving some cotton­
woods, sycamores, etc., along the river bottom and some juniper along
semi-arid bordering ridges and hills. For the greater part of its length,
the Bridgeport Reservoir would be confined to the rather restricted inner
valley which has been eroded through the broader valley. The most notable
escape from this narrow course would occur at the confluence with Kannah
~reek shortly above the dam site. The lower Kannah Creek tributary drain­
"'.f';8 empties into the Gunnison through a narrow opening in the bordering
rtdge. Immediately above this narrow passage, which would assume the

14



NATIONAL PARK SERVICE

character of a gut with the formation of the reservoir, would be a
considerable bay surrounded by comparatively gentle slopes and rolling
land ..mich would, in two or three places, require dikes to prevent high
water overflows into a secondary valley drainage which roughly parallels
the main river and empties into it below the dam site,

1he reservoir will be more or less directly accessible practically
throughout its entire length from important U. S. 50 which parallels the
river course within a few miles along the northeast side. This highway
crosses Kannah Creek where some relocation is indicated. Minor roads,
including some county roads, extend into and in some cases across the
valley from the m3.in highway, affording access to the farms and cultivated
areas that occur in the fertile river bottom. One such road extends into
the basin approximtely midway in the over-all reservoir, to farms at and
near the old Denver and Rio Grande Western Railroad station of Broughton
(an old line of the railroad traversing the river bottom throughout the
length of the reservoir). A county road also crosses the valley at
Escalante Creek well up the reservoir basin, above the minimum reservoir
pool indicated at ell 4,756. Although u. S. 50 rather closely parallels
the river, the topography is such with ~enerally low, intervening ridges
that views of the reservoir from the highway will be comparatively rare
and restricted, other than at the Kannah Creek Bay. The prevailing
impression on the reservoir would bs one of greater remoteness than will
actually be the case.

Although the scenery in the vicinity of the reservoir has little
to recommend it in a state like Colorado, nevertheless distant views are
impressive, in some cases spectacular o The former involve the dominating
massives of the Grand and Uncompahgre Plateaus, while the latter include
~omewhat more distant views of the great Alpine uplifts of the main San
Juan ranges to the south which will probably be seen even from the reser­
voir in the upper reaches of high pools, where bordering bills are reduced
and more open valleys extend southward to Montrose and afford views of the
towering mountains beyond. To the east lie the impressive West Elk and
related outlying mountain ranges of the main Continental Divide Rockies.

The upper reaches of the Gunnison River, including the Black Canyon
of the Gunnison National Monument, are spectacular and offer some of the
best trout fishing in this part of the country. However, the Fish and
Wildlife Service, in a preliminary report, has indicated that fish in the
lower Gunnison River where the Bridgeport Reservoir would be located
"consist primarily of catfish and Colorado white fish, with a few large­
mouth black bass and many species of rough or forage fishes. Existing use
is of minor importance." That agency also mentions Gambel quail habitat
along the Colorado and Gunnison Rivers in the vicinity of Grand Junction
and Delta, Colorado. It is believed that present recreational use of the
reservoir site is largely, if not wholly, restricted to minor fishing and
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some small game hunting. It does not appear that recreational values of
any importance would be destroyed by the creation of the reservoir.

Very little is presently of record with the National Park Service
regarding possible archeological or historic investigations in the
Bridgeport Reservoir area. These matters should be sufficiently checked
prior to project development to avoid losses of scientific artifacts and
information.

No National Park Service area or interest, cr any State park area
will be affected by the Bridgeport Reservoir or its operation.

Potential recreational use

Even in the absence of immediate scenic values of note, this reser­
voir should assume appreciable significance for recreation. Plans of
operation currently being considered are very favorable to such use. It
seems probable that minimum pools would very rarely occur, that normal
low pools would be in late winter and that fluctuations in relation to
power pool operation (for firm power so far as possible) would tend to
be nominal.

The reservoir would be long and winding, with. somewhat varied shore
lines. It should lend itself to a considerable variety of boating, being
somewhat safer in this respect than larger, more open and exposed bodies
of water.

In summing up their report, the Fish and Wildlife Service indicated
that the Bridgeport Reservoir would be particularly desirable (but admit­
tedly Itnot so much for any values created by it, but as an alternate site
for the Ruedi Reservoir on Frying Pan River, I'hich would cause major
losses in irreplaceable fi sh and wildlife resources ff ).

It is possible that during the warmest summer months there could be
considerable appeal for swimming--a form of recreation unlikely to be in
much demand, for instance, on the Grand Mesa and similar areas nine and
ten thousand feet above sea level.

In appraising the potential recreational values and opportunities
believed to be inherent in this considerable reservoir, due consideration
should be given to the out standing recreational appeals generally exer­
cised in southwestern Colorado, many of which assume regional and even
national importance. The high, COOl, heavily forested areas on nearby
Grand Mesa, with its many glaciated lakes is a typical example of such
appeal. Nevertheless, there is reason to believe that such outstanding
recreational areas can be complemented to an appreciable extent by the
Bridgeport Reservoir, very largely because of its much lower altitude,
being under 5,000 feet. The recreational season will be much longer at

16



NATIONAL PARK SERVICE

the lower altitude, high mountain areas often remalnlng closed until late
in the spring, and being similarly closed by early snows and cold in the
autumn.

Tho relation of important U. S. 50 to the reservoir has been noted,
this highway being one of the main, east-west routes through central
Colorado between Colorado Springs and Pueblo to Grand Junction and on to
Salt Lake City.

While some recreational use of the reservoir could be derived from
travelers along this route, a great deal in this respect would depend on
the scope and character of facilities provided for the public, notably
in the way of accommodations. Also, the bulk of summer tourist travel
over this, as well as other routes through Colorado, will continue to
have the pick of higher, cooler and far more scenic areas (often includ-
ing lakes or reservoirs) in this spectacular state than could ever be
associated with this reservoir, regardless of developments. It is,
therefore, believed that the bulk of recreational use made of the reser­
voir will be derived from visitors from local communities such as Montrose,
Delta, and notably Grand Junction wit h related communitie s in that importarrt
section of the Colorado River Valley.

It is concluded that the recreational significance of the reser­
voir, While considerable, would nevertheless be primarily local.

Possible recreational development sites occur on the reservoir,
notably in relation to the Kannah Creek Bay area, directly accessible
from U. S. 50. Here, too, shore areas will he fairly gentle and topog­
raphy well suited for a general recreational development area, with
provision for boa ting,swimming, picnicking, camp grounds, possibly a
lodge and appurtenances. As elsewhere on this reservoir, considerable
tree planting will be required to assure the full appeal inherent in the
site.

Other areas Which can be considered as suitable for potential~develop­

ments would occur nea r Broughton and nea r the present Escalant e road cross­
ing--but the latter depending on frequency of drawdowns th at might le ave
the area above accessible water. Apparently only once would this condition
have occurred during the period of stu:ly, and then only for lat e spring
months.

The preliminar.r right-of-way map furnished by the sponsor indicates
that most of the privately owned land in the main river l::ott om will be
acquired by purchase. In large measure, the se private holdings appear
to be flanked by public domain Which should reduce land acquisition prob­
lems,for well considered recreational developments, to one of suitable
agreement with the public agency involved. It is quite possible, however,
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that in large measure lands around the Kannah Creek area are in private
ownership and considerable care will be necessary to assure acquisition
suitable and adequate for all phases of reservoir operation and utiliza­
tion, including recreation.

Recreational facilities planned for the reservoir should be consid­
ered primarily for the largely local day-use that can be anticipated,
with allowance for concessioneI' enterprises, including possible accom­
modations for the traveling public on U~ s. 50.

GRAY CANYON RESERVOIR

The Gray Canyon Reservoir dam site is on the Green River, Utah, 22
River miles above Green River and some four miles above the confluence
with the Price River. It is between Grand and Emery Counties. The site
is in the steep-sided, sometimes precipitous canyon which traverses the
plateaus out of which the main Tavaputs Plateau rises shortly to the
north and which drop abruptly into the valley below the dam area to form
the Book Cliffs. The head of the reservoir, 53 river miles above the dam,
will be shortly below Minnie Maude Creek which drains the northerly slopes
of West Tavaputs Plateau and 53 river miles below Ouray near confluences
with the Duchesne River which drains east slopes of the Wasatch Mountains
to the west and the south slopes of the Uintas on the north, and the White
River on the east which heads in Colorado.

It has been indicated that the primary purpose of the reservoir would
be for pOvTer, with winter drawdowns to maintain firm energy generation
with rapid refilling in the following spring. It is possible the reser­
voir oould have some value for sediment control, and an allocation of
641,000 a.f. is indicated for "holdover" storage in connection with this
important phase of the Colorado River Storage Project. Recent studies,
however, appear to emphasize the importance of power output, with as
constant a maximum head as possible maintained for this purpose. On
this basis, current information furnished by the sponsor is as follows:

"Studies of the Gr:ay Canyon Reservoir indicate that
maximum energy generation can be expected if the reservoir
is maintained at or near its maximum ca.pacity of 2,000,000
acre feet. Prior to the need for extensive holdover demands
(in 150 to 200 years based on present estimates of sediment
encroachment into the system of reservoirs) on Gray Canyon
Stera~e, the water surface fluctuations would be limited to
a maximum drawdown of about 40 feet during the winter months
with refilling expected each year by Mayor early June. II
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The following data have been furnished by tho Bureau of Reclamation
or estimated from related information similarly provided:

Planned capacity
Maximum water surface elev. MSL
Minimum water surface elev. (approx.)

(based on inactive storage of 500,000 a.f.)

Maximum water surface area
Minimum water surface area (approx.)
Length of reservoir, at maximum
Length of reservoir at minimum, (approx.)
Present stream bed el. at dam site
Height of dam

2,000,000 a.c.
4,590
4,400

10,750 acres
5,200 acres

53 miles
28 miles

4,150
445 feet

Description of the site

The lower end of the reservoir, for approxim~tely ten miles above
the dam, traverses the steep barren gorge through the southerly outlying
mesas of the Tavaputs Plateau. These "steps" range in elevation between
5,000 and 6,000 feet but are in turn dominated by the massives of the
East and West Tavaputs uplifts ranging up to 9,000 feet and more and
between which the Green River has cut its way through the Gray Canyon
from which the reservoir takes its name. The rise to these higher pla­
teaus is abrupt on the south, forming the Roan or Brown Cliffs which
extend easterly into Colorado. Beyond Gray Canyon which appears, from
the air at least, to be in effect more truly canyon-like in character
than a gorge, the reservoir will continue through the narrow passages of
the northerly outlying table lands and mesas of the central Tavaputs
plateaus. These reaches of the river traverse so-called Desolation
Canyon which appears to be appropriately descriptive of this barren,
isolated section of the country.

From the limited map data available, it is estimated that through­
out its length the reservoir will be almost entirely restricted to a
narrow body of water. The 10,750 surface acres noted for the full pool
of a 53-mile long reservoir strengthens this impression~

Vegetation ranges from scattered juniper and minor range vegetation
on the lower steppes to pinion country on the higher plateau areas.

While definitely rugged in a desolate sense, in this generally
highly scenic part of the country the Gray Canyon Reservoir site can by
no means be characterized as noteworthy in this respect. Gray Canyon
appears to be especially appropriately named. The rich colorings Which
occur in such variety and abundance in lower reaches of the Green and
Colorado rivers through the Escalante Country to the south and on through
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th0 Grand Canyon of the Colorado, ~re notably lacking here. Nor, from
the reservoir itself, lost in narrow gorges and canyons, would there be
the inspiring views of the Wasatch Mountains to the west, the Henry and
distant Blue Mountains to the south, or the alpine peaks of La S~l

Mountains to the southeast.

Access will have to be provided for dam construction purposes, but
otherwise the reservoir area will be singularly inaccessible, except
for the occasional ranch trails which may penetr~te the barren lands of
this part of Utah. Nor, in the foreseeable future, does it appear at all
likely that this general inaccessibility is likely to be altered. Access
to the dam area will be from U. S. 6-50, either at Green River or down
the Price River from. Woodside on the west,

Perhaps largely due to inaccessibility, coupled with the rugged and
barren aspect of the country, it seems highly improbable that the proposed
reservoir area can offer much, if anything, in the way of present recrea­
tional values. There ma.y be some hunting in the area and, in the compara­
tively more accessible reaches of the river between the dam site and
Green River, Utah, some fishing. These are values which, to the extent
they occur, will undoubtedly be adequately considered by the U. S. Fish
and Wildlife Service. It seems reasonable to assume that no recreational
values of importance will be destroyed by the development of the Gray
Canyon Reservoir.

National Park Service archeologists have no record of archeological
investigations having been made in the barren reaches of the Green River
whi.ch would be inundated. It is believed very unlikely that archeological
sites which may occur would assume much, if any importance.

Potential recreational use

The reservoir operation plans, involving only nominal drawdowns during
the winter, nonrecreational use season, and quite constant summer water
levels could be indicative of conditions rather unus~~lly favor~ble to
recreational uses. However, the local population which could most
readily be drawn to the reservoir is extremely small and scattered. The
population of the town of Green River in 1940 was only 470, and there is
little indication th~t it has changed much since the last census. The
barren and uncolorful aspect of the reservoir area seems unlikely to
attract tourists from U. S. 6-50, except to the extent of the minor
detour necessary to see the dam itself, which, rising 445 feet above the
river in the narrow gorge, could have some sightseeing appeal.

The reservoir would offer fine opportunities for boating on its
own merits, and this form of recreation could be stimulated if fishing
proves to be good. A fairly constant water level encourages the belief
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that this could be the case, but this phase of reservoir utilization can
best be appraised by the Fish and Wilflife Service. Recalling the r::.ther
remarkable trout fishing which has developed in the Colorado River from
the cold water released through Hoover Dam, at a much lower altitude, it
seems highly probable that a similar situation would be created below the
Gray Canyon Dam where the Green River would be cornpa.ratively easy of
access, at least in reaches below the canyon which opens through the Book
Cliffs above the main highway.

No detailed recreational survey of the reservoir area has yet been
made, but air reconnaissance leads to the belief that in short stretches
along the extended shore line (well,above a hundred miles) places would
occur in side draws and bays, even in this rugged country, where boats
could be beached for camping.' Such recreational use of the reservoir as
not ed above will probably be very limited due to the very small local
population which could be most directly served by the reservoir and
general lack of scenic and other appeal for tourists traveling U. S.
Highway 6-50. Probably only a widespread and justified reputation for
exceptionally good fishing would be likely to materially alter this
situation,

Consideration of possible recreational developments for the reservoir
should be weighed in the light of the probably very limited use which can
be anticipated. Some facilities can possibly be arranged by means of
which boating could be handled, although undoubtedly considerable ingenu­
ity would be necessary in this regard, especially if provision for this
activity were to be made at or near the dam. This location would
normally be the most accessible over construction roads and closest to
centers of population and the main highway. But it will be seriously
complicated by topography.

It is very unlikely that provisi~n for overnight visitors would be
warranted. Development of accommodations on a sound business basis will
probably be stimulated at Green River both during dam construction and
subsequently for tourists--especially if river fishing below the dam
assumes importance. If construction access should be from Woodside via
the Price River route, a similar impetus for accommodations would undoubt­
edly occur in that small community.

Recommendations

While the potential value of the Gray Canyon Reservoir for boating
and related recreational activities appears to be substantial, the
limited use that can reasonably be anticipated because of location,
small local population, difficult access and lack of scenic appeal should
be recognized. However, it is recommended that ways and means of accommo­
dating boating activities'receive careful and early consideration. This
should be done at the time dam construction plans are in progress in an
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effor.t to provide suitable rest::rvoir access so far '1,8 possiblp. to reduct:
subsequent difficulties and greater costs which might otherwise be in­
volved.

NAVAJO RESERVOIR

Present plans call for locating the Navajo dam on the San Juan River
shortly below the confluence with Pine River (Los Pinos). More genera~ly

the dam would be in northeastern San Juan County and northwestern Rio
Arriba County where the San Juan River forms the boundary between these
two counties in northwestern New Mexico. The Pine River arm of the
reservoir will extend almost to the Colorado state line and the main
SAn Juan will extend about 3 miles or so into Colorado at high water
elevation.

The dam site is approximately 45 miles east of F3.rmington, New
Mexico, and about 35 miles southeast from Aztec. Durango, Colorado, is
45 miles northwest of the San Juan arm of the reservoir and about 40
miles from the Pine River arm. The latter is not immediately accessible
by road, but Bureau of Reclamation plans contemplate lo~~tion of the
construction road south from Ignacio, Colorado, which would provide direct
access to the dam area and to points along the Pine River.

According to the preliminary plans advanced by the Bureau of
Reclamation, the storage in the Navajo Reservoir would be used both for
energy generation and holdover storage with the maximum elevation at
6,050.0 MSL and maximum drawdown to 6,010 except during years of
extremely low runoff when it could become necessary, under the plan of
ultimate development, to reduce water levels to dead storage elevation.
It appears that operation cquld be compatible with general recreational
use of the reservoir.

1,200,000
6,050
6,010

10,800
6,800

33
5,725

335

Total reservoir capacity
Maximum water surface elevation
Minimum water surface elevation
Maximum water surface area
Minimum water surface area (approx.)
Length of reservoir at maximum (approx.)
Present stream bed elev. at dam site
Dam height

acre feet

acres

miles

feet

According to the 8-year period of study provided by the sponsor,
fluctuations will be nominal, with the reservoir at full pool by the end
of May something like 5 years out of 8. The lowest elevation which would
have been reached during the study period was 6,010, only 40 feet below
full pool, and that would have occurred in late November. The recreation­
al use season low would have been at el. 6,030, late in October. At no
time during the 8-year fluctuation study would operation have seriously
interferred with recreational use of the reservoir.
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At maximum elevation of 6,050.0, the reservoir would ext.end approx­
imately 30 miles up the San Juan River reaching widths of a quarter to
one and a half miles. The Pine River arm w:>uld re9.ch some 10 miles
varying in 'Width from one quarter to three quarters of a mile. The La
Jara canyon 'WOuld be inundaated for some 5 or (;, miles. There would also
be other inlets and bays of smaller note but of considerable recreational
interest for boating and fishing.

Description of the Site

Rising in Colorado, the San Juan River is the largest stream flowing
into or through New Mexico. It flows through the northwest section of
New Mexico for a distance of 100 miles. The surrounding topography in
the vicinity of the reservoir is the characteristic mesa land with the
San Juan River flowing often several hundred feet below the top mesas.
Occasional lower benches intervene between the larger table lands and the
river channel bringing available recreational use space within accessible
reach of the proposed lake levels.

The flat mesas above the reservoir area are sparsely vegetated with
scattered pinion and juniper. There is a notable lack of larger trees for
shade. This lack could be altered, however, in the vicinity of recrea­
tional development sites by spotting cottonwoods or other shade trees when
water becomes available.

The open character of the land permits wide panoramic views that
hold considerable interest. However, in conforming to the usual open
aspect of the New Mexico landGcape, the scenic value surrounding the
N9.vajo site fails to impress one with any individuality worthy of special
consideration. -

Archeologically, there is known to be much of significance in the
Snn Juan River Basin. Although little or no search has been made in the
area of the Navajo resprvoir site, the Smithsonian Institution should be
kept informed of the status of the project in order to allow ample time
for proper investigation and cl~arance.

Potential recreational use

Existing recreational valuee along the San Juan River are very,minor
in the vicinity of the Navajo reservoir area. Such use appears to be
limited almost exclusively to fishing on which there is no great value at
present. In fact the U. S. Fish and Wildlife Service believes that actual
fishery values could be increased by impoundment of the reservoir.

The opportunity for general recreational use will also be enhanced
by the reservoir and could include boating, fishing, picnicking, and perhaps
some camping. Swimming could become a minor function, but suitable space
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for a beach appears, at present, only ~t the upper end of the reservoir
~nd would not be sufficiently well rel~ted to population to draw day-use
visitors for that purpose. The limiting factor to general development
seems to be population. Not only is the immediate area rather sparsely
popul~ted, but there will be complications concerning fishing licenses for
residents of Colorado who wish to fish in the New Mexico portion of the
reservoir. To a lesser extent the reverse may also be true although the
Colorado section of the reservoir will be quite small compared to the
New Mexico portion. If a reciprocal license could be arran~ed to accommo­
date both New Mexico and Colorado fishermen, the recreational use potential
of the reservoir would be considerably enhanced.

Comparing the relative areas of population influence in Colorado and
New Mexico on a county basis discloses that San Juan (17,115) and Rio
Arriba (25,352) counties in New Mexico had a combined population in 1940
of 42,467, whereas La Plata (15,494) and Archuleta (3,S06) Counties in
Colorado had combined population of only 29,300. Since many of the
Colorado residents will be attracted to the Vallecito reservoir on the
Pine River well above the tail waters of the Pine River arm of the Navajo
reservoir, the potential drawing power from Colorado would be further
reduced.

Appraising the expected recreational use at the Navajo reservoir
on a strictly local basis, it is expected that most of the patronage will
come from residents of New Mexico and more particularly from the area
around Farmington (1940 population 2,161) and Aztec (1940 population 756)
both of which have increased in population since that time. Because of
recent oil and gas developments in the area, it is also probable that
future population increases will considerably surpass those of the past
decade. There is a local need for water-type recreation in this area,
and it is anticipated that these local values appraised will be the
probable extent of the recreational benefit·s resulting from the impound­
ment.

Recommendations

It is recommended that the Navajo Reservoir, as presently proposed
by the Bureau of Reclamation, be considered for recreational development
fundamentally for local use. Such development could include limited

. general development in the vicinity of the dam where it would be conven­
iently accessible via the construction road. Access from the Farmington

,and Aztec areas should be provided as directly as possible and might
include justification for a road from the floor of the canyon to the top
of the mesa area on the north side of the reservoir.

Depending upon the degree of success in arranging for a reciprocal
fishing license for resident s of Colorado to fish in the New Mexico part
of the reservoir, it may become feasible to develop a recreational area at
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the upper end of the reservoir near the Colorado state line. Suitable
and well-related space is located on a low bench on the north side of the
reservoir near the maximum water level just south of the state line. This
bench extends northward across the line into Colorado so that if licensing
arrangements do not result in a mutually satisfactory solution for resi­
dents of both states, it would be possible to develop a small area in
Colorado from which direct access could attract quite a few visitors.
While early consideration should be given to the development of the sites
recommended, it does not seem feasible to recommend actual land acquisi­
tions or specific development until later studies introduce more definite
information on actual operation, definite location of the construction
road, and the feasibility of arriving at an agreement for providing
reciprocal fishing licenses.

Archeological investigation is ffil important factor in clearing the
way for any impoundment in the San Juan Basin. Early clearance should be
sought to allow ample time for excavation and removal of valuable m1.terial
believed to exist in the area.

CURECANTI RESERVOIR

The Curecanti Reservoir will be impounded behind a high (475') dam
at the Blue Mesa dam site on the Gunnison River in the upper reaches of
the Black Canyon, shortly below the mouth of Lake Fork and three and a
half miles below Sapinero. The whole reservoir area is in Gunnison
County, Colorado. The dam site is some thirteen miles or more above the
Black Canyon of the Gunnison National Monument.

Earlier studies made by the Bureau of Reclamation for impoundments
at the Blue Mesa site involved a very much smaller reservoir. The present
plan calls for an impoundment that will extend up the river nearly to the
town of Gunnison an estimated overall distance of som~thing like 30 mi18s.
It is estimated from limited, small scale, U.S.G.S. topographic sheets
available for this area that the large basin sho rtly above the gorge in
which the dam would be located would be as much as a mile and a half to
two miles in width.

Inforrm.tion furnished by the sponsor indicates that the primary
purposes of the reservoir are for holdover storage in connection with the
Colorado River Storage Project, of which it is one of the units, and for
power production. Utilized for these functions, it appears that a high
degree of river regulation would be achieved, 2,000,000 a.f. out of a total
of 2,500,000 a.f. being indicated for holdover storage.
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The following data have been furnished by the sponsor, or estimated
fronl related available information:

Planned capacity
Maximum water surface el.
Minimum water surface el.

500,000 a.f. inactive storage
from water surface fluctuation chart

Maximum water surface area
Minimum water surface area

(estimated from area capacity curves
at 500,000 a.f. inactive storage)

Length of reservoir at Maximum
Length of reservoir at inactive

storage, est.
Dam height

2,500,000 a.f.
7,635
7,455

18,200 acres
5,200 acres

30 mil~s

17 miles
475 feet

The following statement regarding reservoir operation has been
provided by the sponsor as follows:

"Reservoir fluctuation will normally follow the drawdown
pattern shown for the period 1927-1930. Somewhat greater
drawdown ~Qll result in years of extremely low run-off such
as 1931-1934. Under conditions of ultimate development,
'Vlhich is expected in about 75 years, it is anticipated that
irrigation requirements during years of extreme drought
might necessitate the evacuation of the reservoir to the
dead storage level for short periods."

Subsequently more extended period of study data for the reservoir
have been made available, involving a thirty-four year period, 1914-1947.
From this extended table it is possible to make somewhat more sound
deductions regarding future probabilities, especially since· the period
included the years of historically low flows' beginning in the early
thirties. According to about the first 20 years of the study period,
~rtlich it is believed represents within close limits a normal cycle of
run-off, the reservoir wouict be filled to capacity about five years out
of thirty-four and would approach full pool within 5 feet on three other
times.

Under ultimate flow conditions, only once during the 32-year period
of study provided would the reservoir have filled to within 2 feet of
maximwn elevation, and frequently ~Jould fall far short of full pool.
This indicates virtually complete river regulation.
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Analysis of capacity tables in relation to area, capacity, eleva­
tion curves which have been pr'ovided by the sponsor, is summarized in
the following table:

Curecanti Reservoir Water Elevations, Normal and Abnormal

Fluctuations With Present Modified Flows

a) Under Normal Cycle eonditions
Maximum pool (fu:Ll pool) el.
Minimum, end of Aug. approx. el.
Average, end of June (20 yrs,) el,
Average, end of Aug. (20 yrs.) el,

b) Under Dry Cycle Conditions
Maximum pool, approx. el.
Minimum, end of Aug. approx. el.
Average, end of June (14 yrs.) el,
Average, end of Aug. (14 yrs.) el.

Fluctuations With Ultimate Flows

a) Under Normal Cycle Conditions
Maximum pool, approx, el.
Minimum pool, end of Aug, approx. e1.
Average pool, end of June (21 yrs.)
Average pool, end of Aug. (21 yrs.)

b) Under Dry Cycle Conditions
Maximum pool, approx. el.

*Minimum pool, end of Aug. approx. el.
Average pool, end of June (11 yrs.) el.
Average pool, end of Aug. (11 yrs.) elf

7,635
7,545
7,608
7,608

7,568
7,495
7,527
7,517

7,633
7,558
7,617
7,612

*Evacutation to the dead storage level referred to in the sponsor's
statement would rarely, if ever, occur during the summer, recreational
use season. Capacity table data indicate that such exhaustion of
active storage would have been closely approached once during the
period of study, late in April.

In the above table, present modified flows are adjusted to account
for the depleting effect of all eXisting and authorized developments in
operation. Ultimate flows are adjusted to account for the depleting
effect of the system operating under ultimate development.

The above tabulation reveals that while the reservoir would se1do~

completely fill under ultimate flow conditions, nevertheless average
sumner pools could actually be somewhat higher than initially and that
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average recreational use-season fluctuations would be quite comparable.
In the light of present studies, therefore, it is believed that changing
conditions resulting from ultimate Upper Colorado River Basin develop­
ments would not materially affect potential recreational values inherent
in the, reservoir. Nevertheless, it must be recognized that the effects
of fluctuations on fishery will have, in either case, a direct bearing
on general recreational importance.

Description of the sit e

The upper portions of the Black Canyon in which the dam would be
located are less deep and, aside from a much reduced inner gorge, less
precipitous and spectacular than the reaches embraced by the Black Canyon
of the Gunnison National Monument a few miles below. The dam area, and
gorge sections of the adjacent reservoir are not lacking, however, in
notable scenic appeal, dominated as they are by rugged canyon country with
quite spectacular buttes, darkly crowned with coniferous evergreens along
the rim. Sapinero, Blue and Pine Creek Mesas flank the portals of the
Canyon where it op~ns into the broader valley bordered by more gentle,
rolling, open mesa terrain. This basin extends for some fifteen miles
and will provide the most significant mass storage section of the reservoir.

Immediately above the small hamlet of Elkhorn, the valley again
becomes restricted into a minor gorge a few miles in length, opening
finally into the broader, comparatively flat-bottomed valley in which
the town of Gunnison is located. On the basis of limited observation
and in the absence of map material, it is very broadly estimated that
the upper reservoir pool which would occupy the lower portions of this
valley at high water would be some two or three thousand acres in extent.
It would reach to within a few miles of Gunnison, and would be surrounded
by low, gently rolling hills and mesa rangelands.

The general setting of the reservoir, in addition to immediate scenic
values of considerable note at and above the dam, is superb. To the north
lies the impressive West Elk Range, to the south the great San Juan uplift,
and shortly to the east occurs the great continental divide, spectacular
with alpine peaks often ranging over 14,000 feet in height. Many of these
varying views, except in restricted gorge sections, would be visible from
the reservoir itself.

Recreational values

The Gunnison River has long enjoyed a national reputation as an out­
standing fishing stream. Anglers in great numbers are attracted to it
annually, often from distant parts of the country. This recreational
use must contribute appreciably to the economic stability of the valley
above the Black Canyon of the Gunnison National Monument, and noteworthy
investments have been made for guest and tourist accommodations. Many
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such camps have been developed along the banks of the river which w:>uld
be flooded by the Curecanti Reservoir. One disadvantage resulting from
these developments, so far as the general public is concerned, has been
the posting of many stretches of' privately contro lIed stream banks.

Potential recreational use

. Fluctuations in the reservoi~ durling recreation use seasons except
during drought periods will not, it is believed, be unfavorable for
recreation. The area is located adjacent to U. s. 50, is near the
spectacular Black Canyon of the Gunnison National Monument, and is
surrounded by great Rocky Mountain areas which themselves offer recrea­
tional opportunities of a very high order. It appears reasonable to assume
tha t the importance of the reservoir, as a complement to other advantages
offered by the region, would assume a considerable degree of state signifi­
cance, meeting a much wider range of recreational needs than presently
exist in this comparatively thinly populated part of the state.

The extent to which lake fishing can be developed in lieu of the
notable stream fishing which is now enjoyed will have considerable
bearing on the popularity of the reservoir. Fluctuations which, because
of seasonal occurrence, would not seriously impair general recreational
values may complicate the maintenance of quality fishing, a phase of
use which can best be analyzed by the Fish and Wildlife Service. In
this connection, perhaps mention could be made of a suggestion which has
been advanced regarding the possible construction of a large weir shortly
below the upper basin by means of which a constant water level could be
maintained in the large reservoir section near Gunnison. Should such an
arrangement prove feasible, it would maintain an impressive pool under
conditions which would be ideal for recreational use and presumably
equally so for fish reproducti~n. This WJuld greatlY improve the basic
values of the Curecanti Reservoir, even though at periods of low water,
there would be two rather than one body of water. Because of seasonal
occurrence this would not be a particularly unfavorable situation.

Even with moderately good "lake" fishing, the reservoir should
encourage day, overnight and week-end use, and because of the location
in relation to various mountain recreational areas, even vacation use
should assume importance. As a natural concomitant to these types of
visitor use, would be demands for summer home sites, probably group camp
areas and notably for boating facilities. Early consideration should be
given to planning the reservoir area, especiallY in connection with land
acquisition, to meet various visitor needs in an orderly and well organ­
ized manner. It seems highly probable, as a result of the preliminary
reconnaissance, that many areas suitable for the various types of
gevelopment will occur in satisfactory relation to reservoir shores
around bot0 the c~ntral and upper basins.
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Effect on Black Canyon of the Gunnison National Monument

No state park area will be affected b.Y the reservoir. The
interests of the National Park Service, however, will be adversely
affected in the monument by regulation of river flows. How completely
river' reg-Ilut.ion can be achieved by the Cur€'cant.:i RaservDir is not, as
yet, known, but it seems quite probable that it will reach a high degree
and that only in comparatively rare years of excessive runoff would there
be spills which would course through the Canyon in addition to normal
regulated Dows.

This regulation will drastically alter the historic flows through
the Monument. These have already been somewhat changed by diversion to
the Uncompahgre River basin by means of a tunnel ta.1d.ng off from the
Gunnison River very shortly above the east monument boundary. The degree
of regulation resulting from this diversion does not appear to have
drastically changed the character of flows through the monument, with
great rushing spring torrents, followed by minimum summer flows that are
c9mparatively unimpressive. There are years of record, although very
rare, when flow has practically ceased, leaving only scattered pools
along the canyon bottom.

It is the historic Dows which, over hundreds of millions of years,
have carved the spectacular gorge down through the basic, precambrian
geological formation to depths ranging from 1,730 feet to as much as
2,425 feet, creating a great earth gash which is, in places, deeper than
the width from rim to rim. Other natural weathering forces have combined
with the river to create this natural wonder. Spalls, chips, and gravels
falling unhindered to the canyon bottom are annually swept away by the
great spring tidal flushes of the river.

Evidently with the Dow of the river regulated and equalized by the
Curecanti Dam this annual spring "flushing" would no longer take place
unless the dam could be operated in such a way as to release large
volumes of water during flood periods. The National Park Service would,
of course, be concerned with any development which would alter natural,
conditions in the monument.

National Park Service archeologists are of the 0p1n1on that only
minor hunting and camp sites of archeological interest are likely to have
been found in the basin, and not necessarily pre-historic.

Recommendations

The potential recreational value of the Curecanti reservoir indicates
that appropriate attention should be given to land acquisitions, where
public domain is not involved, in order to make adequate provision for
the various recreational uses which can be anticipated.
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Closely related to land acquisition problems will be routes
selected for the relocation of U. S. 50 which will be necessitated by
reservoir development. There is some indication that the south side
will be followed by the new route. On either side, however, it is
recommended that consideration be given to areas of potential recreational­
use value, both to assure, so far as feasible, suitable access thereto
from the highway and, of equal importance, to avoid undesirable relation­
ship to such areas in a way to reduce their subsequent value. This will
require early reservoir planning and close cooperation with the State
Highway authorities.

It is especially recommended that consideration be given to
possibilities of providing the weir in the narrow gorge between the lower
and. upper reservoir basins, by means of which a constant, or nearly con­
stant water level could be maintained in the latter.

CRYSTAL RESERVOIR

The dam site for the Cr,rstal Eeservoir is located on the main
Gunnison River, about one mile below the narrow Crystal Creek side draw
which empties into the gorge from the north. The site is only a short
distance above the east boundar,r of the Black Canyon of the Gunnison
National Monument, Montrose County, Colorado.

The small Crystal Reservoir would function as an after-bay,
re-regulator,r impoundment for the very much larger Curecanti Reservoir,
a few miles upstream. It would provide the means of dev~loping important
electrical energy, for which it is being considered. It would have no
"holdover" storage function ..-

The following data is provided for this reservoir:

Planned capacity
Maximum water surface e1-
Minimum water surface el.
Normal water surface area
Length of reservoir (estimated)
Present stream bed elf at dam site
Dam height

40,000 a. f.
6,870
6,a60

550 acres
8 miles

6,570
305 feet

The sponsor has given assurance that operational plans for the
reservoir contemplate a practically constant water level at full pool,
power spills from the Curecanti unit being reused here for additional
energy production. The capacity would be used only to provide power
head and for daily regulation with drawdown limited to a w.aximum of less
than 10 feet.
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Des cri.£!.ion of the site

The reservoir area is entirely within the Black Canyon. Viewed
from the air it lacks the sheer, precipitous character of the National
Monument section ~nich begins very shortly below the dam. The reservoir
section, while yet eA~remely rugged, gives the impression of being a deep,
very steep-sided Ilvn-shaped canyon. It is still 1,500 to 2,000 feet deep.

In addition to dam area access over construction and maintenance
roads there will be one other point where limited access to the reservoir
will occur. At elevation 6,870, the impoundment will extend a short
distance up the Cimarron Creek side canyon, to within a few hundred yards
or possibly a half a mile of U. S. 50. It was through this draw that the
old Denver and Rio Grande Western Railroad from the west entered the Black
Canyon. A bench mark elevation at the upper end of this draw is given
as 6,893, only 23 feet above normal reservoir, clearly indicating the
feasibility of water access at this point.

Potential recreational use

At present the some eight miles of the Gunnison River which would
be inundated by the reservoir must have a high value for stream fishing,
especially in view of the ready access to this part of the river noted
above~

Lake fishing in the reservoir may reasonably compensate for the loss
of stream fishing, The consta.nt water level below several miles of the
open stre~n between the Blue Mesa dam which would impound the Curecanti
Reservoir a.nd the headwaters of the Crystal may be factors which are
favorable in this regard.

The reservoir should be interesting for boating--an interest which
will be enhanced by fishing if it can be established and maintained. Even
on its ovnl lr..erit, boat1ng should have considerable appeal affording as it
will views of the upper reaches of the scenic Black Canyon. Also, from
near the dam, there may be glimpses into the more startling) precipitous
sections of the gorge in the national monument below the reservoir. It
is anticipa.ted that facilities for boating, including sightseeing excur­
sions, can be developed in the draw at Cimarron where the reservoir will
closely approach U. S. highway 50.

The extremely steep, rugged nature of the canyon would probably
preclude other forms of recreational use and d.ev8lopment on the shores of
the reservoir, forms of recreational outlets t~at can be more appropriately
and conveniently developed on the great Curecanti Reservoir shortly up ­
stream.
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Effect on Black Canyon of the Gunnison National Monument

The monument and its primary wues have been described by the
National Park Service as follows:

"Black Canyon is notable for its narrowness, depth,
ruggedness, great expanses of sheer walls, and interesting
gorge formation. The rims of the gorge are only l,300 feet
apart at their nearest approach, yet the gorge ranges from
1,630 to 2,425 feet in depth within the monument. At one
location the channel of the Gunnison River narrows to only
40 feet in width. For many millions of years this river has
been furiously carving its channel deeper and deeper through
this probable Archean complex at a greater speed than all
combined natural processes can widen it. The tools "Which
the river uses are the sand and gravel that it carries,
mainly in periods of flood. The hardness of its rock forma­
tion and the joint, or fracture, system account for the sharp,
ragged sheerness of the canyon walls. The rolling hills,
which rise above the canyon rim and which formerly entrenched
the flow of the Gunnison River, are carved from sedimentary
rocks. These rocks are so much younger than thos of the gorge
itself, "Which immediately underlies them, that during this gap
of time life developed from the single plant cell to the monstrous
dinosaur. This tremendous break in the record of geological
time is as significant to the imagination as the chasm of Black
Canyon is to the sight. If •

It is true that regulated flows of the Gunnison River through the
monument below the existing irrigation diversion tunnel have, for
comparatively brief periods, been reduced to hardly more than scattered
pools. But, without exception, these periods have been followed within
the space of a few months with the great, furious spring torrents with
their scouring effects that have, in the main, been responsible both
for creating the spectacular gorge and deepening it. Regulation will
have an adverse effect on this natural process.

With the Crystal Reservoir operated as a re-regulatory after-bay
for the Curecanti Reservoir, additional effects on river flows through
the monument should be negligible. On this basis it can be assumed that
it will be the Curecanti which will affect the monument in this respect
rather than the Crystal unit. Such change8 in natural conditions, "While
very undesirable, are nevertheless not sufficiently adverse to offset
the economic advantages to be gained. by river regulation in the public
interest.
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Recommendations

In the event the Crystal Reservoir is developed, it is recommended
that consideration be given to making suitable provision for boating
facilities for the reservoir. This should include adequate land
acquisition in the restricted area near Cimarron ~ere the reservoir
will be primarily accessible for such recreational activities.

FLAMING GORGE RESERVOIR

The proposed Ashley dam of the Flaming Gorge Unit would be located
in Red Canyon at a point on the Green River about 32 river miles down­
stream from the Utah-WYoming State line. It would rise 440 feet above
the river and impound a reservoir having, when filled to capacity, a
surface area of 40,800 acres and extending 91 miles upstream through
Hideout Canyon, Kingfisher Canyon, Horseshoe Canyon, Flaming Gorge, and
the rolling plains of southern 1tlyoming to a point within three or four
miles of the city of Green River, WYoming. The lower portion of the site
lies in the Ashley National Forest on the northeastern flank of the
Uinta Mountain Range. No primitive, wild, or. wilderness area is inyolved ..

Except for its area of origin in the Green River Lakes, the section
of the Green River from Flaming Gorge to Red Canyon, inclusive, is the
first highly scenic portion of the river in its course to its junction
with the Colorado River. Farther downstream it plunges into the much
more spectacular canyons of Dinosaur National Monument.

From Red Canyon upstream to Flaming Gorge is a nearly continuous
series of canyons, of which the two named are the more scenic. Many
portions of Red Canyon are narrow, precipitous, and colorful, its
colors being reminiscent of the reds, grays, and purples found in the
Canyon of Lodore in Dinosaur National Monument. It attains a depth of
1,500 feet or possibly more. The slopes are partly forested while the
rims are mo re heavily wooded.

Flaming Gorge is notable for the intense reddish and orange shades
of its cliffs which rise abruptly several hundred feet above the river.
The colorful cliff on the right bank continues in a southwesterly
direction and merges with the northerly slopes of the Canyon of Sheep
Creek, a tributary. The cliff forms a finely colored setting for the
Green River where, after leaving Horseshoe Canyon, it makes a sharp bend
in Nielson Flat before entering Kingfisher Canyon.

The canyons are locally well-known for their scenic values, and as
features of interest to visitors to the Uinta Mountains. Utah State
Highway No. 44 runs from Vernal to a point a few miles from the dam site~

Unimproved roads lead southward from Green River, l1Yoming, to join this
road. A side road leads to the rim of the canyon where a small resort
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a number of years, and where the Forest Service has pro-­
Flaming Gorge and Horseshoe Canyon also are accessible

The Forest Service has provided a road and campground in

It is doubtful that the reservoir site receives recreational use
other than for some hunting and fishing.

It is not known whether an archeological survey of the site has
been made. It seems reasonable to assume, however, that evidences of
prehistoric occupation exist.

Construction of the Flaming Gorge Unit would cause material changes
in the scenic characteristics of the site. The visible height of canyon
walls from Red Canyon to Flaming Gorge, inclusive, would be reduced and
a long still lake substituted for the much narrower river that flows
through hilly plains in southern WYoming and the canyons in northeastern
Utah. Vegetation in the river bottoms and up the river slopes would be
inundated and habitat for several species of mammals and birds would be
lost, including some winter range for deer. The Forest Service camp­
ground and road in Hideout Canyon would be covered by the reservoir.

It is surmised that impoundment of the reservoir and possibly
construction activities would destroy or damage a number of archeological
remains.,

Construction operations would also result in impairment to scenic
values. Construction roads would involve some scarring of the landscape.
Power lines, tunnel adits,construction buildings, and other features
would also have adverse effects.

However, some scenic values would remain and a new recreational
element would be introduced in the form of a lake. Drawdowns, if amount­
ing to more than a few feet during the recreation season, would, of course,
have adverse effects upon both scenic and recreational values.' In general, .
the adverse effects of drawdowns would be more pronounced in portions of
the reservoir site where shores are flattest.

It would be advantageous to recreational use if the water level could
be kept relatively constant during the recreation season. In this event,
it is believed that the reservoir area, if suitably planned and developed
for recreational purposes, would have local recreational value extending
into southern WYoming and northeast Utah.

Pending more detailed studies, it appears that this reservoir area
should be suitable for picnicking, boating, fishing, camping,riding, and
hiking. Development of recreational facilities might be limited in many
cases by the rugged and steep topography of canyon sections of the area.
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Recreational planning for Flaming Gorge Reservoir should, however, take
into consideration the competitive effects of the Echo Park and Split
Mountain Reservoirs,as well as the many existing and potential attrac­
tions in the adjacent Uinta Mountains, the more distant Wind River
Mountains in Wyoming, and the Wasatch Front near Salt Lake City.

CROSS ¥otnn'AIN UNIT

The proposed dam, which would be located at the head of Cross
Mountain Canyon on the Yampa River 58.5 river miles upstream from its
confluence with the Green River, would rise 295 feet above the river,
and impound a reservoir having, when filled to capacity, a surface area
of 52,200 acres and extending 76 miles nearly to the city of Craig. Col..o.
The reservoir would inundate the broad and indented valley of the Yampa
River to the vicinity of the Village of Maybell. Here it would be con­
stricted somewhat; from this point it would extend easterly through
Juniper Mountain Canyon, then widen again.

The reservoir site offers little, if anything, in the way of special
scenic value. It consists of the river course with bordering deciduous
vegetation, adjoining meadows and some irrigated lands, and flanking,
semi ..arid rough grasslands sparsely dotted with cedar and pine. The river
itself is fairly clear.

It has been reported that some of the last known resting places of
Canada geese in Colorado may be along some of the bars and banks of the
Yampa. The reservoir would apparently inundate some of these. An
undetermined amount of winter range for deer would also be flooded.

The river is used to Bome extent for sport fishing, and there may
be hunting values in adjacent lands. Although, pending further study,
no conclusive statements as to fishing and hunting can be made at this
time, it does not appear that there are any recreational values of great
importance that the reservoir would destroy or seriously impair.

A brief preliminary archeological survey of the Juniper Mountain
portion of the reservoir site in 1942 revealed at least five rather
extensive prehistoric Indian camp sites, and several others were noted
alo!l~ the river in the vicinity of Maybell. There are, no doubt, other
archeological value s in the remainder of the reservoir area. However,
an intensive survey, together with limited testing, will be necessary to
determine the probable extent and scientific importance of the prehistoric
occupation of the reservoir area as a whole.

Because of the monotonous character of the terrain through which
the reservoir would extend, this artificial lake would have minor scenic
value. A long, somewhat broad lake of irregular shoreline in a semi-arid
setting would add a note of variety and interest to the landscape in
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normal or above-normal runoff cycles. If, during low runoff cycles,
use of the active storage were to result in considerable drawdowns,
these would adversely affect scenic values and this effect would pr,­
gress with the reduction in storage. Large expanses of barren shores
would probably be exposed, leaving mud flats and rough cobble beaches.
Drawdowns would impair recTeational values of the reservoir, the degree
of impairment depending on the extent of drawdown.

In years of normal or above-normal runoff, the reservoir can be
expected to offer possibilities for recreation, such as picnicking,
boating, camping, anrr perhaps hunting and fishing. It may provide
opportunities for local day use by residents of Craig, Colorado, and
vicinity. More thorough study would be required to conclude as to
probable use from more distant population areas, such as Denver and
Grand Junction, Colorado; Salt Lake City and Vernal, Utah, Rock Springs,
Rawlins and Laramie, ~lfo. Recreational planning for this reservoir
should take into consideration the competitive effects of other reser­
voir areas such as Echo Park, Split Mountain, Flaming Gorge, and
Pathfinder-Seminoe in Wyoming, as well as mountain areas in this general
part of Colorado-Wyoming-Utah region.

ECHO PARK AND SPLIT MOUNTAIN UNITS

Dinosaur National Monument was established by proclamation of
President Wilson on October 4, 1915, under authority of the Antiquities
Act for the primary purpose of preserving a rich deposit of fossilized
dinosaur bones which had been found here in an excellent state of preser­
vation. By President Roosevelt's proclamation of July 14, 193a, the
monument was enlarged to include other resources of geological, archeo­
logical, and wilderness values. The extension included the Canyon of
the Yampa River and the Canyon of Lodore, Whirlpool Canyon, and Split
Mountain Canyon on the Green River. Of the total gross area of 209,744
acres, about 70% is in Colorado and about 30% in Utah.

The enlarged monument is essentially a canyon-plateau area along the
most spectacular and scientifically interesting parts of the drainage of
the Green River and its major tributary, the Yampa. The dynamic pro­
cesses of river erosion have produced a colorful, rugged wilderness of
deep canyons, dissected erosional benches, and bold promontories. The
geological features have been given the place of outstanding importance.
Second to these are the scenic features which form an inseparable ~om­

bination with those of geology.

Functionally, Dinosaur National Monument consists of two sections
referred to as the Quarry Section and the Canyon Section.

The Quarry Section comprises a comparatively small area ip the vicin­
ity of the dinosaur beds and includes the original monument. The Canyon
Section, consisting of the remainder of the present monument, is over
200,000 acres in extent.
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The geologic formations of the Quarry Section are of scientific
importance and of distinct scenic.value, but the major significance of
this section is considered to be in the dinosaur beds. The principal
deposits of fossilized dinosaur bones are found in the coarse sandstones
of the Morrison (Jurassic) formation which underlies the shales and sand­
stones of the Cretaceous and is underlain by other strata of the Jurassic.

The Canyon Section is characterized by a notable combination of
geological, scenic, archeological, and biological values and by its
wilderness quality. Its most spectacular features are the canyons of
the Green and Yampa Rivers, where interesting geological formations and
impressive landscapes are displayed in great variety. One of the excep­
tional attributes of this section consists of contrasts of these two
canyons in their geological formation and scenic character. Echo Park,
at the confluence of the Green and Yampa Rivers, is especially notable
because of the high, knife-ridge of sandstone known as Steamboat Rock,
which rises vertically about 750 feet above the junction of the Green and
Yampa Rivers.

In addition to the predominant geologic and wilderness values of the
Canyon Section, there are noteworthy archeological features. Evidences
of prehistoric Indian life have been found in many areas and include camp
sites, rock shelters, petroilyphs, burials, and caves that were inhabited
or used for storage. The archeology of the region is not yet fully known
nor have all sites been adequately investigated and recorded.

Likewise, the many interesting historical aspects of the area have
not been adequately chronicled.

In addition, there are distinct biological interests. Deer are
abundant in some sections, and there have been reports of mountain sheep.
There are also many plant associations which are correlated with geolog­
ical structure and interesting biotic units whose origins are related to
the de~elopment of the canyons and the local mountain structures on the
flank of the Uinta Mountains. Forms of animal and plant life reveal
influences of the hardy climate and are evidences that much of interest
might be revealed by a careful biologic survey.

The proclamation of July 14, 1938, enlarging the monument, stated
that "The Director of the National Park Service, under the direction of
the Secretary of the Interior, shall have the supervision, management,
and control of this monument as provided in the act of Congress entitled
'An act to establish a National Park Service, and for other purposes,'
approved August 25, 1916, 39 stat. 535 (U.S.C. title 16, secs. 1 and 2)
and acts supplementary thereto or amendatory thereof, except that this
reservation shall not affect the operation of the Federal Water Power
Act of June 10, 1920 (41 Stat. 1063), as amended, and the administration
of the monument shall be subject to the Reclamation'Withdrawal of October
17, 1904, for the Brown I s Park Reservoir Site in ronnection with the Green
River project. 1I
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In accordance with the act of 1916, it has been and is the responsi­
bility of the National Park Service to conserve the scenery and the
natural and historic objects and wildlife within the areas in the
National Park System, and to provide for the enjoyment of them in such
manner and by such means as will leave them unimpaired for future genera­
tions. Accordingly, the major aims of the National Park Service in its
administration of the Dinosaur National Monument have been:

1. Protection of unimpaired resources and, through elimination of
factors that have modified other natural conditions, the restoration of
those other conditions to their original state. The modifying factors
principally involved are agricultural pursuits which consist largely of
grazing, and the presence of non~Federal lands within the exterior bound­
aries of the area.

2. Protection and preservation of archeological features.

3. Provision of facilities necessary to enable visitors to study
and enjoy the features of paleontological, 'geological, archeological,
wilderness, and related interests, and required for proper recreational
use and administration of the area.

In accordance with those objectives, the National Park Service
pr€1pared a master plan for Dinosaur National Monument. The developments
shown thereon were for the purposes of making the noteworthy features of
the area accessible and providing facilities and accommodations for
visitors, as 'Well as adrnir..istering the area and protecting its superb
natural and archeo.logical values. The general theme of development was
centered aroun4 the paleontology of the Quarry Section and the wilderness
character of the Canyon Section. Proposed facilities included a modern
road system.. an expanded trail system, several tourist centers, and a
headquarters area.

In connection with investigations of the Colorado River Basin lmder
authori ty of the Federal reclamation laws and acts amendatory thereo.f or
supplementary thereto, paJ,ticularly the Boulder Can..von Project Adjustment
Act. of July 19, 1940(54 Stat. 741+), the Bureau of Reclatmtion has studied
for several yea.rs the water storage and hydroelectric power possibilities
of the upper Colorado River Basin including the area included within
Dinosaur National Monument. The Bureau arrived. at the conslusion that
utilization of tw sto~e-pow(;}r sites within the national monument,
referred to as the Echo Park and Split Mountain sites, was necessary for
the best development of the water resources of the Colorado River Basin
and that suitable alternate sites outside the boundaries of the monument
could not be found.

In its role, under Congressional mandate, as custodian of the areas
of the l'la.tional Park System, of which Dinosaur National Monument is one,
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the National Park Service believes and therefore maintained that the
proposed Echo Park and Split Mountain Units of the Upper Colorado River
Storage Project would seriously and adversely affect numerous splendid
natural and archeological values of the extensive canyon portions of the
national monument, although they would not physically affect the small
area in which the famous dinosaur beds are found. On pages 244 and 245
of the Departmental report of July 1947, entitled The Colorado River Basin~

and in the National Park Service report entitled A Survey of the Recrea­
tional Re~?~~ces of the Colorado River Basin, compiled in 1946 and published
in 1950, it is asserted that the ef~ects of the proposed Echo Park and
Split Mountain Units upon irreplaceable geological, wilderness, and related
values of national significance would be deplorable.

The former report also stated that some geological and scenic values
would remain, that new scenic and recreational values would result from
the impoundment of reservoirs, and that, even though they would not com­
pensate in kind for the losses described in the report, they would be of
real importance.

Both reports pointed out that the policy of the National Pa.rk Service
as the administrative agency responsible for the national monument has
been to make the protection of the natural and archeological values of
the area the controlling factor in administering it. They also expressed
the view that the question of whether this policy is to be changed to
permit development for water-control would require for its solution a
review of all probable advantages and disadvantages by authorities
superior to either the National Park Service or the Bureau of Reclamation,
and that, before changes in the status of the Canyon Section are author­
ized in order to recognize water control as the principal consideration
in administering the unit, it should have been clearly and certainly
shown that it would be in the greater national interest to develop the
area for such use than to retain it in its natural state for its geologic,
scenic and associated values and for the enjoyment of them by the Nation.

The proposal to construct the Echo Park and Split Mountain dams
within Dinosaur National Monument resulted in a controversy of nation­
wide scope. There were numerous conservation groups and individuals on
the one hand Who believed that the effects of these projects upon the
canyon areas of the national monument would be so disastrous as greatly
to impair and even destroy natural values of the highest order and that
suitable alternate sites could be found outside the monument to save the
area from despoilation. There were also many groups and individuals on
the other hand who believed that utilization of the two sites in question
was necessary for the fullest development of the power resources of the
Colorado River and that satisfactory alternate sites outside the monument
did not exist. The controversy became so intense that the Secretary of
the Interior decided to hold a public hearing in Washington, D. C., on
April 3, 1950, to afford both sides an opportunity to state their views.
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After thorough study of the arguments of opponents &~ proponents of the
projects, the Secretary on June 27, 1950, issued a memorandum to the
Commissioner, Bureau of Reclamation, and the Director~ National Park
Service, as follows:

liTHE SECRETARY OF THE INTERIOR
WASHINGTON

June 27, 1950

Memorandum

To:

From:

Subject:

Commissioner, Bureau of Reclamation
Director, National Park Service

The Secretary

Construction of Dams in the Dinosaur National Monument

The preparation of a comprehensive report for the development
of the Upper Colorado River Basin has posed the question of whether Echo
Park (immediately) and Split Mountain (eventually) Dams should be built
in the canyon sections of Dinosaur National Monument# I will not have
the final say, but I must determine whether, as Secretary of the Interior,
I shall approve and recommend to the Congress a plan that includes these
dams.

The history of the issue is well known to you and is well­
documented in the transcript of proceedings of the hearing I held on
April 3, 1950. I shall not review it here.

I am impressed with the fact that the waters of the Colorado
River constitute a resource of paramount importance to the region and
that in view of the arid nature of the area, my approved plan for the
development of the Upper Basin must make every practicable provision
for the conservation and multiple use of these waters in the interest
of the people of the West and of the mole nation.

I am not unmindful of the public interest in the inviolability
of our National Parks, and in the status, only a little less austere, of
the National Monuments. By no precedent of mine would I wish to endanger
these places.

Weighing all the evidence in thou,ghtful consideration, I am
impelled in the interest of the greatest public good to approve the
completion of the Upper Colorado River Basin Report, including the con­
struction of the dams in question,. be('~use:
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(a) I am convinced that the plan is the most economical of
water in a desert river basin and therefore is in the highest
public interest; and

(b) The order establishing the extension of the monument in
the canyons in which the dams would be placed contemplated use of
the monument for a water project, and my action, therefore, will
not provide a precedent dangerous to other reserved areas.

I note that the fossils are not in the areas qf the monument
proposed to be flooded and that the creation of the lakes will aid
the public in gaining access to scenic sections of the Green and
Yampa River canyons. Much superb wilderness within the monument
will not be affected, excepting through increased accessibility.

The importance to the growth and development of the west of
a sound Upper Colorado River Basin program can scarcely be over- ,
emphasized. I hope that this decision on my part will promote
quick solution of all other problems connected with this matter
so that we may proceed with such a program.

I ask the National Park Service and the Bureau of Reclamation
to cooperate fully in making plans that will insure the most appro­
priate recreational use of the Dinosaur National Monument, under
the circumstances.

(Sgd.) Oscar L. Chapman

Secretary of the Interior"

Accordingly, the National Park Service is making a restudy of the
values of the area in line with the Secretary's decision to recommend
to Congress the construction of the Echo Park and Split Mountain Units.
The objective of the restudy will be the replanning of proposed develop­
ment, especially of the Canyon Section, to make the best possible recrea­
tional use of the Echo Park and Split Mountain Reservoir areas, in the
event the dams are authorized, as well as to protect and make accessible
remaining features of natural and archeological interest.

Recreational planning for the Echo Park and Split Mountain Reservoir
areas will be based on the assumption that the Congress will approve and
provide funds for them and will be focused on the potential values of
these two artificial lakes and adjoining lands for such activities as
boating, fishing, ~wimming, hiking, and riding. These will require roads
and trails to points of access on the reservoirs and to overlook or view
points. Consideration will also be given to needs for overnight facil­
ities including campgrounds. MOr€over, planning for the administration
of the area will receive careful study. This will include studies for
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the safety of visitors and the protection of the area itself against
soil erosion and fire, as well as plans for an administrative, protec­
tive, and interpretive staff and headquarters.

Prior to filling the reservoirs, it is contemplated that more
thorough studies of the archeology, paleontology, geology, and wildlife
of the area will be made, particularly for the purpose of recording and!
or salvaging important scientific data Which would be submerged by the
reservoirs. The information gained by these studies will be of great
value in future interpre~ive programs for the recreational areas.

The National Park Service will cooperate with the Bureau of Reclama­
tion with regard to the location and layout of the Bureau's permanent and
temporary facilities, such as construction camps, roads, tunnels, power
lines, and administrative developments, so that the objectives of the two
agencies may be most harmoniously realized. Such coo~erative planning
should also result in the ultimate combined use of some facilities, such
as roads, for both administrative and recreational purposes.

Estimates of Cost

Recreational development of the Canyon Section of Dinosaur National
Monument has been impossible because of inadequate funds or other obsta­
cles. Necessarily such developments were deferred during the war period
j.nd there has been no opportunity thus far during the post war period to
proceed with logical and needed development. The Canyon Section is,
therefore, inaccessible to the great majority of visitors. Trips into
this section have been wade almost solely by local residents and a few
others Who are sufficiently familiar with this type of rough canyon-plateau
country to venture into it over very rough "roads" and trails,

It is believed, however, that there will be considerable demand to
develop the Canyon Section for recreational purposes. Its location
between two heavily used transcontinental highways, U. S. 30 and U. S.
40, and possibilities for making it accessible by good roads from both
lead to the conclusion that this area, if suitably developed, will receive
a good deal of use, not only by residents of nearby portions of Colerado,
Utah, and Wyoming, but also from more distant and more heaVily populated
districts. While the small number of potential visitors living within
the immediate vicinity do not require extensive developments, the number
of visitors from more distant sections may be expected to be large and a
considerable recreational development will therefore be necessary.

I

In order to reach final conclusions as to the probable annual- number
of visitors to the area under adequate recreational development, it is
essential to undertake a study involving not only these two reservoirs
but also the recreational, scenic, and related resources, existing and
potential, of the general region in which these reservoir areas lie.
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This region includes at least southwestern Wyoming, northwestern Colorado,
and northeastern Utah. A regional study is imperative before it can be
fully determined how much and Mlat kinds of recreational use will "be made
of the two reservoir areas and, therefore, the amount and types of recrea­
tional facilities that should be provided.

Among the important resources of the region to be fully studied are
the eXisting a~tractions of the nearby Uinta Mountains including forest
recreation in the scenic Ashley and Wasatch National Forests with their
natural lakes and streams and good fishing, as well as the cooler summer
climate of the Uintas. Also, to be seriously considered is the potential
recreational value of the Flaming Gorge reservoir area, particJlarly in
view of its close relationship with the Uinta Mountains and their forests
and natural waters. If, as seems contemplated by the Bureau of Reclama­
tion, a good road may be constructed between U. S. highway 40 at a point
near Vernal, Utah, to U. S. highway 30 in the vicinity of Green River or
Rock Springs, Wyoming, by way of the Ashley dam of the Flaming Gorge Reser­
voir, a large and important mountain recreational district including this
reservoir will apparently be made readily accessible.

Also to be considered is the Cross Mountain reservoir area, particu­
Jarly if the fishing proves good.

This regional study has been initiated by the National Park Service,
and it is expected that its findings will be made and its conclusions
reached within a few months. These will have a direct bearing upon final
recreational planning of the Echo Park and Split Mountain reservoir areas.
Pending the completion of this study, the National Park Service has prepared
preliminary estimates of cost for Echo Park and Split Mountain, recognizing
the possibility, however, that material alterations may have to be made in
them when the regional study has been finished. The current estimates
follow:

1. Preliminary planning

For study of boundary problems, selection of sitos and
preliminary sketches for development, soil conservation studies
for watershed protection, collaborating with Bureau of Reclama­
tion personnel on location of construction roads, camps, stock­
piles, borrow pits, power lines, and architectural design of
structures, etc., preparation of the master plan which includes
the development outline and all pertinent drawings as called for
in Volume 12 of the National Park Service Administrative Manual,
travel, per diem, and incidental expense $100,000
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2. Recreational planning and construction costs

Roads:
Approximately S5 miles of road construction which

will include the approach road from U. S. highway 40 to
proposed developed areas such as Harpers Corner, Buena
Vista Peak or Round Top, and Pats Hole $6".DOO,.()()()..

Trails:
Approximately 200 miles of trails which include

wa,lks within developed areas and nature trails and
bridle trails to overlook points and to features and
points of scenic, recreational, and related interest
throughout the area

Campgrounds:
It is contemplated to provide six areas of vary­

ing capacity to accommodate approximately 4,000 camp­
ing groups, including such points as Island Park,
Pats Hole, and the vicinity of Zenobia Peak

Picnic Areas:
Three picnic areas are contemplated to accommo­

date approximately 2,000 picnic groups

Beaches:
Seven beach developments are contemplated to

accommodate the camping, picnicking, and lodge
visitors. Among areas tentatively considered for
beach development are Island Park and Pats Hole

Lodge:
Lodging for 400 guests, restaurants, shops, and

employee quarters and motor service. This develop­
ment is being considered at a location on the Yam.pa
Bench near the lagoon in the Pats Hole area

Marinas:
One large marina in the vicinity of the lodge

and six smaller one s adjacent to the camping areas

Interpretive Facilities:

It is proposed to have one main museum and
eight secondary or wayside museums at other impor­
tant public use areas to exhibit excavated materials
and tell the archeological and geological story of
the area
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1,800,000
$15,800,000
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Headquarters:
This development will include administra­

tive offires, repair shops, equipment storage
buildings and seven employees I residences.
Current studies indicate that the logical
place for such development may be on U. S.
highway 40 at a point where the proposed
main approach road will lead from the high­
way to the interior of the Canyon Section.
Related to administrative headquarters will
be several ranger stations throughout the
area for services to visitors and protection
of the area itself against fire.

Construction cost

Construction Plans, Specifications and Estimates

Planning and supervision of construction
average approximately 12% of construction cost

1,896,000

GRAND TOTAL PLANNING AND CONSTRUCTION

3. Wildlife Program

1,896,000

$17,796,.000

a. To survey the existing terrestrial animal life
of the area to be flooded and the adjoining
habitats which will be affected and to plan
for subsequent management and interpretation $17,000 p.a.

b. To survey the existing fishery resources and
to plan for management and public use of the
fishery in the future impoundments 10,000 p.a.

c. To survey the existing plant life of th8 areas
to be flooded and affected by flooding, and to
plan for subsequent management, use by wildlife
and interpretation to the public 10,000 p.a.

A minimum of three years will be required
for the necessary field investigations and writing
reports. Total amount required
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4. Geologic'8.1 program

a. To excavate two important fossil sites
in Echo Park and Split Mountain respec­
tively; recovery, preservation, andstor­
age of the fossils and plan for subsequent
public exhibit $25,000 p.a.

b. To survey geologic values of area, prepare
geologic maps, and develop future inter-
pretive programs 10,000 p.a.

A minimum of two years will be required
for the necessary field investigations, writ­
ing and printing reports. Total amount required

5. Archeological program

70,000

a. Ir].tensive survey of Yampa and Green River
Canyons and testing of new sites as located 50,000

b. Complete excavation of Hells's Midden

c. Complete excavation of Mantle's Cave

d. Intensive testing of 33 other sites of
the total 5S at approximately $3,000
per site

e. Archeological excavation under (a,)
and (d.) after survey and testing
are completed

Total

20,000

S,OOO

99,000

200,000

$377,000

A minimum of three years should be allowed
for adequate completion of this project

GRAND TOTAL

\
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*Prou- of Estimat.ed Plal'ming, CODBtnztion, and Related -Costs, by Fiscal Years
';cho Park and Split Mountain Units, Colorado River Storage Project, involving Dinosaur National M.onument

P1.ans and Investigations

1952 1953 1.954 1.955 1956 1957 1958 1959 1960 1961. Totals

Pre-project recreational
investigations and stu­
dies, archeologica1.,
geological, wildlife and
soil and moisture stu­
dias; master plan prepa­
ratio~ detail construc­
tion drawings and esti-
mates and related work $212,.000 $399,000 ~ 443,000 $ 300,000 $ .400,000 $ 300,000 $ ](X},OOO ~ 200.,000

Construction and Land
ACquisition

Roads and trails, build­
ings and utilities, etc.
including acquisition
of land needed for re-
creationa1 use and
develoJlIlent

$ 2,554,000

Totals f212,OOO $399,000 $1,443,000$2,500,000 $3,900.,000 ~3,440,OOO $2,200,000 ;Pl,850,OOO .t1,310,000 31,1('0,000 $18,354,000

*Prepared by River-Basin Recreat10n Sunq, Regi.on2
lovenber 14, 1950
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The dureau of Land Management is charged with responsibility
for managing; developing, protecting, and disposing nf the surface
and subsurface resources of the vacant, unappropriated public d~main

land~ 0f the United States, as well as the mineral resources of public
lands withdrawn for other agencies. It has the exclusive responsibility
for cadastral surveys on the public lands. It acts as custndian and
handles applications for all mineral resources, not only on all public
lands, out also upon privately owned lands where rnineral rights are
retained by the United States. The Bureau is the office of record of
all transactions involving the public lands of the United States. It
processes withdrawals of the public domain lands for administration
by other federal agencies, and it classifies the remaining lands for
their highest use, and administers them according to such classifica­
tion. The Bureau rules on all applications to enter the public land
under the agricultural land laws and, when proper, issues patents to
the land. The Bureau handles the grazing responsibilities of the
former Grazing 3ervice under the Taylor Grazing Act ("'If 1934, regulating
grazing on the federal range within the grazing districts and on lands
leased for grazing outside of the grazing districts.

From the aqove general statement of the responsibilities dnd
activities of the bureau of Land Management in the Upper Colorado River
basin, it is apparent that any changes in the general economy and land
pattern of the area will have a strong influence on the program of the
Bureau of Land hanagen.ent. The Colorado River Storage Project and
subsequent irrigation projects will have far-reaching beneficial
effects on the local economy, n~king it neces,ary to make substantial
adjustr!.ents in public land progranls for the Basin.

There remains in the Upper Colorado River basin approxinl~tely

29 million acres of public domain, most of which is included in estab­
lished grazing districts. Approxinlately 41 percent of the gross area
of the basin is administered by the Bureau of Land ~anagement. The
acreages of public domain are distributed by States about as follows:

State
arizona
Colorado
New IvIexico
Utah
Wyoming

Acres
--r56,OOO

6,610,000
1,749,000

13,904,000
6.582.000

29,001,00';



The public dOll!ain consi"ts of remnants of a land disposal program which
has continued for almost a century. These lands are therefore the
least productive and those which are located in arid regions where
crops cannot be produced without extensive investment in irrigation.
vJhile these lands have been considered mainly valuable for grazing,
industrial development and irrigati~n have created a demand for lands
which were formerly considered as having no value. Their disposal to
individuals and to public programs continues to take place. In ad­
dition to those being withdrawn for reclamation purposes, numerous
applications are filed each year for homesteads, isolated tract sales,
horrle, cabin and business sites, and various other special us es. Public
lands are exchanged for State and privately bwned lands where such
exchanges are in the public interest. Those lands which have natural
recreational or scenic value, or acquire these values through construc­
tion of artificial dams, may be reserved for use by State, municipal,
or Federal agencies dedicated to the management and development of
land for these uses.

The principal use of the public domain at the present time
is grazing. These same grazing areas are subjected to multiple uses,
including production of forest and woodland products and big game.
Another important value attaching to the public domain is its water­
shed value. The public donlain lands are not the principal water
producing lands, but they do contribute the major portion of the
sediment deposited in the Colorado River. An analysis of the sediment
records available on the Colorado River shows that approximately 60
percent of the sediment entering the stream originates in the area
located below the confluence of the Green and Colorado Rivers and
~bove the Grand Canyon. Another 22 percent originates in the San
Juan River drainage above the Bluff gaging station. The total water
contribution from t" ese two areas is about 25 percent of that passing
the Grand Canyon. In these two areas we have a situation where 80
percent of the sediment is contributed by 25 percent of the water.
Seventy-five to eighty percent of the land in these two areas is
federally owned.

~ith the development of the Upper Colorado River it is imperative
yhat broad studies be made which will provide inforrr~tion to determine
the proper use of land and water resources as a basis for determining
disposal programs and adjustments in land control between federal
agencies. Such studies would form the basis for developing an inte­
grated land-use prograrrl which would have as its objective a balance
between the various phases of agricultural pursuits as well as
mineral development and other industries. These studies should be
on an area basis to insure proper consideration of the present and
potential uses of land and water in advance of action programs.
For example, livestock raising is one of the most important indus­
kis in the Upper Colorado Riv€).r basin and is successful only where
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there is a proper balance between feed produced on irrigated land and on
the open range. Advance area studies are needed to avoid a situation
where this balance is not maintained thereby causing overgrazing and
accelerated erosion.

The effect of the Upper Colorado River storage and participating
projects on the program of the Bureau of Land Management is specifically
outlined below under the various functions of the Bureau.

MINERALS AND RESOURCE DISPOSAL

There are in the public domain lands extensive deposits of coal,
oil and gas, and numerous other minerals. Notable examples are the
coal fields throughout the Basin and oil and gas deposits in the San
Juan and Uinta basins and in northwestern Colorado near Rangely.

The Bureau of Land Management is charged with the responsibility
of processing applications for leases of oil, gas, coal, phosphate,
potash, etc., under the Mineral Leasing Act of February 25, 1920, as
amended, and applications for mineral entries; of determining whether
the public land is mineral or non-mineral in character, as well as
making investigations of mining claims to determine the validity of
such claims. The hydroelectric power made available as the result of
the Colorado River storage project will greatly stimulate the develop­
ment of mineral resources, making it necessary for the Bureau of Land
Management to adjust its operation to meet changing programs. The
number of mineral applications is expected to increase manyfold. The
added work connected with investigating and determining the validity
of eXisting mining claims in connection with the construction program
will be one of the immediate jobs of the Bureau of Land Management.
There will also be a large amount of appraisal work of valid mining
claims on lands which will be inundated as a basis for determining damage
to claimants. The costs of this accelerated program resulting from the
Upper Colorado storage project are reflected in the attached budget
estimates 'under "Mineral Examinations."

LAND CLASSIFICATION AND RESOURCE INVENTORY

Prior to'designating public land for certain uses or acting up-
on applications seeking to acquire part of the public land, the law
requires that the land be classified according to its suitability for
the purpose intended. This includes determining that the lands are
proper for withdrawals for National Forests, Parks, Wildlife Re~uges,

and Reclamation. Coincident with and a part of the land classification
responsibilities of the Bureau of Land Management is the determination
of which lands the public interest requ:i;res be retained in public
ownership, and the planning of a unified management program which
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encourages the most productive use of these lands from a public
viewpoint. Proper management encompasses policies dealing with
rnultiple land uses such as forestry, grazing, ruining, watershed
protection, and recreation. Land classification also enc~npasses

economic studies as a basis for determining the relationship between
land pattern, public improven~nts, private improvements, the different
phases of agricultural pursuits, and potential and existing industrial
development.

The classification of the public lands in the Colorado River
basin has been carried out on a basis of relatively small areas,
chiefly those on which land disposal eas.Q'S are pending. The initia­
tion of the Colorado River storage PruJect, with the subsequent de­
velopment of the participating projects, will make it imperative that
the program of the Bureau of Land Management on land classification
and resource inventories be stepped up manyfold if errors are to be
avoided in the over-all land-use ~rogram of the Upper Colorado River
basin.

The character of the public domain is kno~n in a general way,
but sufficient information is not available on which to base sound
land management plans or to determine the over-all land-use adjust­
ments needed. Detailed physical and econonric information is needed
to determine the suitability of public lands for such uses as
watershed, forestry, grazin6, crop production, industrial, recreational,
and other special uses. A general resource inventory is needed, which
would include the segregation of the lands according to their physical
use capabilities as limited primarily by soil, topography and climate.
Such a study would appraise the erosion situation as to extent and
degree and would include an inventory of the forage and timber resources
as to quantity and quality to serve as a basis for stocking the range
and determining allowable cut of timber and woodland stands. The data
collected in such an area study would serve not only as a basis for
planning conservation and watershed protection, but would permit an
analysis as to which lands, in the public interest, should be retained
and which lands should more properly be managed by other Federal
agencies or under private ownership. It will permit a complete analysis
of interrelated land values. M1en analyzed in connection vuth expected
agricultural and industrial development as a result of the development
of the Upper Colorado River basin, such a survey w:i.ll indicate what
adjustments will be needed for a balanced econo~ in the Basin.

Such a broad area classification and resource inventory should
be initiated at an early date, as the data developed should be avail­
able in advance of completion of construction phases. The estimated
cost of an area classification and resource inventory is reflected in
the attached schedule.
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The Bureau of Land Management is charged with th8 responsi­
bility of keeping the basic land records for tho public lands of the
United States. This activity is carried on through the Bureau1s
various land offices. In these offices are recorded all applications
for entry upon public lands for any purpose except grazing permits
within established grazing districts. Among other kinds of entries,
these includE; homestead entries, desert land entries, small tracts,
isolated tracts, exchanges, special-usc, state selections, grazing
leases, mineral and gas and oil leases. Records must be n~intained

on the final disposition of all of the above enumerat0d applications,
including patents issued and patented lands on which the minerals are
reserved to the United States. The combined record of all of these
entries is the only llieans of determining current status of tile land.
Records are also kept of all lands withdrawn for use by other federal
agencies, as well as rights-of-way over public lands. Recards of
revocation of various orders withdrawing lands are also maintained
as a basis for determining the availability of land for othor uses.

The development of the water resources of the Upper Colorado
River and the resulting rapid industrial developn~nt through the
Upp~ Qolorado River storage project and. participating projects, will
greatly increase the demand for public lands in the Basin. The
increased number of land transactions will increase the volume of
work in the land offices beyond the capacity of the present facilities
and personnel, and the present record-keeping systenLO Lands involved
in both the storage project, and the lands which will be irrigated
under participating projects, will have to be cleared of all other
obligations against the land. This will require a review of all
existing withdrawals, including those which overlap, and th8 mineral
claims on the lands affected. Since rrdneral claims are not filed in
the land office until patent is applied for, this will require ex­
tensive checks in the various county offices as well as the Federal
land ofrices. The estimated cost of this project is shown in the
attached tabulation giving the estimate of funds needed.

CADASTRAL 3URV~YS

The Bureau of Land Managenent is the only agency authorized
to conduct surveys fixing township and section corners in accordance
with the rectangular system of surveys. These surveys form the basis
of all legal descriptions of land and are necessary in establishing
the location for rights-of-way, and in fact establishing ownership
or control of land. Accurate locations are necessary in all planning
and land classification programs~ They form the basis for the mapping
of basic resources and th~ condition and character of the land. Ac­
curate locations in the construction phases of the Upper Colorado
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River storage project will be necessary in the acquisition of rights­
of-1tray and the determination of adverse claims on the lands affected.
They will be needed in the laying out of farm units and settlements
as the participating projects enter into the over-all program.

In the Upper Colorado River basin there is a gross area of some
73,577,000 acres of land divided cadastrally as follows:

Unsurveyed
Old surveys
Iron post surveys

sufficiently

16,377,000
32,752,000
24,44S,000

surveyed for

acres
!l
II considered as

most purposes.

With some exceptions the unsurveyed areas should all eventually be re...
surveyed cadastrally so that the land can all carry a legal de$cription
and known area. The exceptions are the very rough canyon areas and such
permanent reservations as national parks and monuments where no land
transactions normally take place.

The old surveys, those executed before 1910, should all be resur­
veyed with perhaps the following exceptions:

1. Highly developed suburban areas that have been adequately shown
on local plats of record.

2. Incorporated areas, such as cities and towns.

3. Areas ,within permanent reservations such as national parks and
monuments, where cadastral resurveys may be limited to boundary
surveys and to surveys within the reservations sufficient to
define private property limits.

4., Areas of sold private ownership in counties that have kept good
local records of survey monuments and of cadastral activities of
local county surveyors and other local engineers.

The cost estimates as shown in the accompanying program are based
on a survey of 75 percent of the unsurveyed acreage, and a resurvey of
60 percent of the area of !lold surveys."

RESOURCE HANAGEMENT, PROTECTION AND REHABILITATION

A. Grazing.

The Taylor Grazing Act of June 28, 1934 authorizes the Secretary
of the Int~rior to establish grazing districts up9n the public domain.
The primary objectives of this act are:

1. To stop injury to the public grazing lands by' preventing over­
grazing and soil deterioration.

6



BUREAU OF LAND MANAGEMENT

2. To provide for their orderly use, improvement and. development.

3. To stabilize the livestock industry dependent upon the public
range.

Almost all the public domain in the Upper Colorado River basin is
located within eighteen established grazing districts. These dis­
tricts and the acreage in each are listed below.

Grazing District Acres Grazing District ~

Colorado #1 1,727,000 Utah -115 2,170,000

" #2 336,000 " #6 2,466,000
tl #3 1,143,000 tl #7 3,127,000

" #4 1,045,000 If #8 1,782,000
tl #6 858,000 " #9 1,.708,000

" #7 1,336,000 tl #11 2,528,000
Total 6,445,000 Total 13,781,000

Wyoming #3 909,000 Arizona #1 156,000
tl #4 4,400,000
If #5 1,212,000 New Herico #1 872,000

Total 6,521,000 If #7 867,000
Total 1,739,000

The total of lands within grazing districts: 28,642,000 acres.

Livestock raising is the principal agricultural pursuit in the
Colorado River basin. Because of the vastness of the public domain
it constitutes an important part of the livestock operations. This
indllstry, being one of the important pursuits, exercises a strong
influence on the prosperity of the Basin as a whole. The Bureau of
Land Management is charged ~~th the responsibility for the stabiliza­
tion of this industry in so far as use of the public domain is con­
cerned, and at the same time conserving and developing the resources
on the public land.

The Taylor Grazing Act authorizes the Secretary of the Interior
to issue, or cause to be issued, permits to graze livestock on the
grazing district lands, to bona fide residents, settlers and other
livestock owners. Permits have been issued to approximately 4700
operators to graze a total of approximately 2,237,000 head of live­
stock. The number of permittees and numbers of livestock permitted
to use the grazing district land is shown in the table on the
following page.
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State and :Number of : Number of Permitted Livestock
District :permittees: Cattle Horses: Sheep : Goats Total

Colorado #1 163 22,000 560 127,000;' 149,560
l! #2 252 48,000 940 41,000: 69,940
l! #3 396 36,000 930 117,000: 153,930
l! #4 269 17,000 90 90,000: 50 107,140
1/ #6 88 4,000 190 92,000: 96,190
l! #7 555 38,000 620 80,000: 118,620

Total 1,723 :145,000 3,330 547,000: 50 695,380

Utah #5 308 20,000 310 49,000: 69,310
l! #6 . 103 14,000 190 77,000: 91,190
II #7 438 23,000 920 88,000: 111,920
II #8 220 12,000 350 177,000 : 189,350
l! #9 92 7,000 80 109,000: 116,080
II #11 364 19,000 560 28,000: 47,560

Total 1,525 95,000 2,410 528,000: 625,410

Wyoming #3 79 6,000 300 115,000: 121,300
II #4 307 27,800 1,200 430,000: 459,000
II #5 174 44,200 2,500 105,000: 151,700

Total 560 78,000 4,000 650,000: 732,000

Arizona #1 13 2,000 2,000
Total 13 2,000 2,000

New Hexico #1: 392 8,000 900 90,000: 3,000 101,900
l! #7: 564 3,600 3,200 66,000: 8,000 80 1800

Total 956 11,600 4,100 156,000:11,000 182,700

Grand Total 4,777 :331,600 :13,840 :1,881,000:11,050 2,237,490

Prior to the passage of the Taylor Grazing Act, there was no
control of the use made of these lands and each individual had to be
the first one on the lands with his livestock in order to protect his
interests. Range livestock operations were conducted with a minimum of
overhead. Before the days of reclamation a minimum of cultivated forage
crops were produced. The livestock were permitted to graze upon the
public range during all seasons of the year, including those seasons when
grazing on the range is most destr~ctive•. As a result of this condition,
when grazing districts were first established a large part of the public
domain was in a seriously depleted condition.
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Under the Taylor Grazing Act and the rules and regulations promul­
gated thereunder, the public domain lands are administered in accordance
with accepted range management practices giving appropriate consider­
ation to the effect of such administration on the local economy. Because
of the character of the land, proper management requires the application
of many scientific principles. The grazing district lands, for the most
part, are located in the most arid portions of the basin and there ex­
ists a delicate balance between soil conditions, natural vegetative cover
and climate. Under these circumstances natural balances are easily dis­
turbed.

In management of the public ranges four cardinal principles of
range management are recognized and applied. These are (1) proper
numbers of livestock, (2) proper seasons of use, (3) proper distribu­
tion of use, and (4) proper class of livestock. The number of live­
stock using the range is controlled by the permits issued. Proper
seasonal use is accomplished by the construction of drift fences,
stock water holes and other range improvements designed to control or
encourage livestock to use the range according to the sea~on for which
it has been classified. This practice is, however, influenced to a
large degree by the production of cultivated forage on privately owned
land to supplement range forage during periods when the range cannot
be properly grazed. The distribution of livestock on the range is
accomplished through construction and use of range improvements and
such accepted range practices as herding and salting. Class of live­
stock grazed is ideally governed by the dominant type of range forage.
It is often necessary, however, to modify this practice according to
the prevailing type of agriculture on the irrigated lands.

The livestock industry is dependent upon the production of hay and
other feed crops for their livestock when range forage is not available
or cannot be properly used. Experience has also shown that ample sup­
plies are the best insurance against drought and severe winters. A
stable livestock economy is dependent upon a proper balance between
cultivated feed crops produced and the available seasonal forage pro­
duction ort the range. The increased hay production resulting from the
development of the Upper Colorado River basin will complement the range
forage and ultimately result in increased total livestock production.
However, careful planning will be required to avoid an adverse effect.
Most of the ranges are already fully stocked and if the additional pro­
duction resulting from new irrigation merely permits the introduction
of more livestock into the Basin without adjustments in seasons of use
and feeding periods, there will be increased pressure for more stock on
the range for the same periods of time. By advance planning for re­
adjustments in management plans, the increased production on irrigated
lands can relieve the pressure on overgrazed ranges while they are be­
ing rehabilitated to produce more forage than they now produce.

9
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The interrelationship between production on privately owned or
controlled land is further emphasized by the methods of adjudicating
grazing privileges under the Taylor Grazing Act and the Federal Range
Code. These rules and regulations under the Act provide that pref­
ernce will be given to livestock owners who own or control land or
water used in connection with the public range. With the exception
of the grazing districts in Arizona and New Mexico, grazing privileges
in the Upper Colorado River basin have been apportioned to livestock
operators on the basis of ovmership or control of land. It is required
that the operator possess sufficient land to feed his livestock for a
given period of time. The development of additional feed on irrigated
land will make it necessary to make substantial adjustments in range
apportionments and livestock operations in the Basin•.

The Upper Colorado River storage project will result in some
ranch properties with grazing privileges attached to them being inun­
dated by water. The public land on which some operators have grazing
privileges will be cultivated or other~~se needed in connection with
the project. In those cases where the operators lose their base
properties they should have an opportunity to transfer their grazing
privileges to other properties which can be used in connection with
the public range. A study of the operations of those whose range
allotments are needed in connection with the project should be made
with a view to rounding out their operations on other lands or by use
of new feed supplies resulting from increased irrigation. This will
involve a revision in manag~nent plans for the units involved as well
as the processing of appropriate transfers of grazing privileges.

The estimated funds required to make the necessary studies,
reapportionment and transfer of grazing privileges as a result of the
expected expansion of the livestock industry, are reflected in the
attached program schedule under IlAdjustment in Range Management Plans
and Apportionment of Grazing Privileges ll •

B. Soil and Moisture Conservation.

The President's Reorganization Plan No.4 of April 11, 1940
transferred the responsibility for soil and moisture conservation
operations on lands administered by the Department of the Interior
from the Secretary of Agriculture to the Secretary of the Interior,
Special funds are made available to the Department of the Interior and
to the Bureau of Land Management to carry out this responsibility,

Bureau of Land Management conservation operations are organized
by project areas. The project area is a unit of land on which reha­
bilitation and conservation practices are essential for the prevention
of critical soil erosion and the wastage of water resources. These
are areas that have been seriously impaired by wind or water erosion,
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or both, as a result of improp~r USt; by man or ~lis animals, drought.>
or damagb by fire or fioods to such an extent that they require
remedial action. Bureau of Land M3.nagement activitie s are carried
out on the public lands within approved soil and rwisturc project
areas. Lands in other ownership, the rehabilitation of i'Thich would
vitally affect adjacent or nearby public domain lands, also may be
included in the: soil and moisture conservation progrs.lll through co­
operativt, agre";lnent an.d contributed funds.

First priority for soil and moisturecons~rvation operations
is given to those lands described as being in the severe-to-critical
stage of man-induced erosion, where such erosion is endangering other
lands or public facilities such as irrigation projects. Soil and
moisture operations may be carried out on lands in less serious con­
dition when their treatment is necessary for success on lands in the
first category. Funds made available for soil and moisture conserva­
tion arv used to carry out proven erosion control practices designed
to protect the 30il and hold it in plac8. These practices include
reseeding, construction of small detention and check dams, contour
furrowing, water spreading devices, and construction of' livestock
control fences and stock-water development to insure unifonn utiliza­
tion of native forage.

It is estimated that between 50 and 60 p8rcent of the lands
under the administration of the Bureau of Land Management in the Uppdr
Colorado River basin is in severe to critical erosion condition, and
it is known that the public domain lands are th~ principal contributors
of sedimdnt to the Colorado River system. This erosion is attributed
to a combination of features, including topography, geology, soil,
climate, ~nd land use. The situation in the Colorado River basin with
respect to the first four features ffientioned naturally results in an
unusually high rate of erosion. The public lands in the Upper Colorado
River basin are, however, characterized by broad alluvial filled tribu­
tary valleys. These are the most productive of the public lands. Be­
cause they were originally the best grazing lands, they were the most
seriously rrasused. This misuse is r~sponsibl~ in a great measure for
the present extensive gully system which is characteristic of the most
critical erosion in the basin. These gullied valleys are the greatest
potential source of sediment for transportation into the main system
of the Colorado River. Because of the more favorable soil conditions,
they are also the areas on which effective treatment has been demon­
strated. To obtain optimum benefit of the flow of the Colorado River
and to provide maximum bvnefit for existing and contemplated structures
on the river, as well as to prevent excessive destruction of the water­
shed itself, a conservation program for erosion abaterr~nt is essential.
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While a number of conservation measures and erosion control
measures have proved effective on a small scale and under given
conditions, there is urgent need for extensive studies in erosion
control and sediment abatement on a larger scale and over a greater
sample of geologic formations, soils, and climatic conditions. For
the protection of the Upper Colorado River ,storage project and part­
icipating projects, these studies should be undertaken at an early
date.

C. Timber and Woodland Management

The public domain lands have not been considered important for
their production of forest and woodland resources. However, these
areas do support unknown quantities of saw timber and extensive stands
of pinon and juniper. Prior to the passage of the Act of July 31,
1947 (6 Stat. 681, 43 U.S.C. sec. 1185), commonly called Public
Law 291, there was no authority for the orderly management and sale
of timber and woodland products from the public lands, except under
wartime emergency provisions. Disposal of these products was by free­
use permits for woodland,materials such as posts, poles and cordwood
for use by local residents. The Secretary of the Interior is now
authorized to sell woodland products and a small amount of money has
been appropriated for the administration of this law. The amount
appropriated does not all01l1 the inventorying of the woodland areas
and providing for supervision to abate trespass and to develop orderly
management plans. The total volume of forest and woodland products
on the public lands is not known. In addition to the value of the
resource for the product itself in the economy of the basin, the
protection from erosion afforded by the forest and woodland cover is
an important factor. This is especially true because many of the
forest and woodland types are found on steep slopes.

The anticipated increase in rural population resulting from
the Colorado River storage project and participating projects will
create an additional demand for forest and woodland materials.
These will consist largely of posts and poles for fencing and other
farm improvements. The attached budget schedule for the Upper Colorado
Ri ver basin reflects the cost of forest and woodland inventories. These
will consist of detailed inventories to determine total volume and
allo~~ble cut in areas where it is anticpated that the demand will
be greatest.

D. Fire Control

In connection ~uth its public land management and protection
program, the Bureau of Land Management is charged with the responsi­
bility of fire protection. Investments in conservation must be pro­
tected from forest and ra.n~ fires which can cause damages requiring
years to correct.
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Fire is historically one of the destructive agents of western
watersheds and has been the cause of serious erosion problems in
some areas. With expected improv~ment of the Colorado River water­
sheds through more intensive management, it is reasonable to assume
that the fire hazard will become more acute, requiring a greater in­
vestment in fire presuppression and suppression.

E. It'lildlife (Game Management)

The public domain lands provide part of the yearlong habitat
of the big game population of the Basin. Because the lands ad­
ministered by the Bureau·of Land Management are located in medium
and lower elevations, they provide a substantial part of the winter
grazing for game animals. While the Fish and 'Vfildlife Service and
the State Game Commissions are the agencies responsible for the
technical game management programs, the land management agencies
must consider the use of the land made by game and provide for their
use in their management plans, as well as resolve conflicts result­
ing from competition between vdldlife and domestic livestock for
range forage. Experience has shown that failure to recognize this
dual use has resulted in serious erosion problems. Increases in
population in the Basin will create a ne&d for recreational oppor­
tunities, including hunting and fishing •

•
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PROPOSED PROGRAM
BUREAU OF LAND JvIANAGE!:iENT
UPPER COLORADO RIVZR BASIN

:169,000 :217,000 267,000: 363,000: 324,000: 324,000:1,664,000 :8,000,OOO~Hc

Total
:Estimated

_~~__~F-=un~d;;;;s;;;....:;R.;;.;e~qo.:u:.:::i;;:,.r.:;e.:;;d_b::..y~F~i:-:s;.::c;.;:a;.:;l;..-;;,Y~ea::::;:r~ ~~_:cost 6-yr.:
1952 1953 1954 1955 1956 1957 :1952-1957

Land Classification and Resources:
Inventories :130,000: 195,000

65 ,OOO~~

Funds
Required

after F. Y.
1957

52,000

60,000

, .

8,000:

65,000: 335,000

8,000:8,000:

15,000: 10,000: 10,000:

10,000:

65 ,000: 65 ,000 : 65 ,000 :

243,000: 244,000: 244,000: 244,000:1,300,000 :1,500,000

65,000

8,000 10,000

10,000 15,000

10,000

Adjustment s in Range Hanagement
Plans and Apportiornnent of
Grazing Privileges

Program Element or Function

Basic Land Records

hineral Examination

l-' Cadastral Surveys
+--

v~atershed & Sedimentation Studies: 10,000 50,000 50,000: 50,000: 50,000: 10,000: 220,000 10,000~~

Forest & WOOdland Inventories
TOTAL

12,000
:337,000 :564,000

12,000: 12,000: 12,000: 6,000: 54,000 6,000
662,000: 752,000: 713,000: 657,000:3,685,000 :9,5~1,000

~c Continuing
~Hc Based on resurvey of 60% of old surveys (not iron posts) and 75% of unsurveyed area. By end of

first six-year period it may be determined that the degree of coverage will need to be revised.
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3 U REA U 0 F MIN E S

INTRODUCTION

The Upper Colorado River Basin is entirely within Region IV of the
Bureau of Mines, administered from Denver, Colorado. The only establish­
ments of the Bureau of ~lines·within the basin are the Oil-Shale Demon­
stration Mine and Plant at Rifle, Colorado and a standby helium recovery
plant at Shiprock, New Mexico. However, all of the personnel and facili­
ties within the region and some outside are concerned with the many diverse
mineral problems in the basin.

The development and conservation of the mineral resources of the
Upper Colorado liiver Basin area within the States of Arizona, New Mexico,
Colorado, Utah ,and Wyoming are directly and indirectly affected by the
development of the water resources and power. Without either~ the other
is impaired. .

The national requirements for minerals are increasing while on the
other hand the rate of discovery of many high-grade critical and essential
minerals, including oil and gas, is on the decline. In order to keep
abreast of the increasing national demand, it is necessary to provide
measures to step up the rate of discovery of new reserves, reduce the
cost of mining and handling ores by improvements in techniques, improve
methods of recovery and separation, and develop better usage of the
minerals and metals,

This nation produces and consumes roughly one half of the aggregate
of all the mineral wealth in the world today. It is self sufficient in
many minerals, particularly bituminous coal and lignite, anthracite,
natural gas, phosphate rock and potash; and it is virtually self suf­
ficient for the ilnmediate future in a number of other metals such as
copper, iron, molybdenum, and vanadium. Although many of these minerals
in the eastern and central part of the United States are being rapidly
depleted, large undeveloped or underdeveloped reserves exist in the Upper
Colorado River Basin area,

The nation is dependent on the west for most of its copper, lead,
zinc, gold, silver, vanadium, and petroleum. This area contributes a
substantial part of these minerals and to a very great extent, the con­

.tinued welfare of the nation depends upon claintaining a healthy mineral
industr,y within the Upper Colorado River Basin area.



Table 1.-- Production of gold, silver, copper, lead, zinc, coal, petroleum, natural gas, and other
minerals in the Upper Coloraao River Basin area to 1948 (except uranium and vanadium) XI

Colorado New Ivlexico Wyoming Total

$200,000,000b

331,242,771
Zi41,41$,335

335,801,274
~248,140,450

~~12, 500,000

8,905,764
0;198,397,513

335,801,274
~24B,140,450

331,242,771
<.;41,418,335

198,245
$8,535,462

;~200,000 ,000b

2,178,024,871
.wil8, 530,742

1,250,022,668
,;;110,360,048

616,916,000
~1,345,212,000

310,161,000
~399,002,000

;~2,682,097,000

a

a

a

a

a

a

133,745
$5,555,462

255,657,000
~474,315,000

229,843,000
";;245,019,958

:';'724,890,000

a

a

190,772,000
$473,944,000

8>473,944,000

a

a

$2,500,000

2$,887,000
~70,953,000

6,31$,000
$7,9$2,000

'$81,435,000

141,600,000
~326,000,000

74,000,000
,,;i146,000,000

$,905,764
:~198,397,513

2,178,024,871
Cll$,530,7~2

Gold
Ounces
Value

Silver
Ounces
Value

Copper
Pounds
Value

Lead
Pounds
Value

Zinc
Pounds 1,250,022,66$
Value $110,360,04$

Other metallic
Value

Coal
Tons
Value

Petroleum
Barrels
Value

Natural gas
Million cu. ft. 64,500
Value 02,9$0,000

Other nonmetallic
Value $10,0)0,000

Grand total value
(appro~.) $1,401,827,000

yCompiled from Geological Survey, ''Mineral Resources ll
, Bureau of Mines, "l:,inerals Yearbook", and statistics

furnished by various Bureau of Mines Statistic and Economic offices.
a - None or minor
b - Includes 355,000,000 pounds of molybdenum valued at ;159,000,000.
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MINERAL PRODUCTION AND EXTENT

The total production of minerals from the Upper Colorado River Basin,
as shown in table 1, amounts to over two and one-half billion dollars
based on the value of the raw material at the mine or well. Commercially
the most important have been coal and petroleum, Coal represents over
half the aggregate value of all minerals produced. Although the sta­
tistics of production are not available, the area is the principal source
of uranium and vanadium in the nation. The principal reserves of molybde­
num in the nation occur in the upper basin. Silver, gold, lead, and zinc
are commercially important, and metals of minor interest include copper,
manganese, bismuth, and antimony. Potash and magnesium, although unde­
veloped, occur in large partly proven reserves and phosphate rock is found
in thick, medium-grade beds in Utah and Wyoming, The largest reserves
of oil shale in the United States occur in northern Colorado and Utah and
southern Wyoming within the basin. The search for petroleum and natural
gas is being expanded rapidly and production continues to increase.

~IMineral Fuels and Other Hydrocarbons"

IICoal.--The upper basin contains enormous reserves of coal, mostly
of bituminous and subbituminous grade, Reserves here are much larger than
those in any other section of comparable size in the world and amount
to approximately one-third of all of the coal deposit~ in the United States
and one-sixth of those in the entire world. Some of ,his coal is below
present mineable depths, but mineable reserves alone are nearly one-fourth
of the nation's total deposits. Coal reserves within the upper basin
are roughly estimated at 400 billion tons.

liThe importance of these vast reserves is enhanced by the almost
complete-absence of any coal deposits in the states west of this region.
The only exception of any consequence is the coal deposits of the State
of Washington, but this coal is inferior in quality and more difficult
to mine than the coals of the upper basin. Large quantities of coal from
the upper basin are now shipped west, north, and sometimes east. These
coals can be mined luore cheaply than those in most other regions and
may provide the basis for much of the future industrial development of
the western part of the United States.

"Mine entries above ground level are possible for a large portion
of the deposits. Thick beds, ranging from 8 feet to a maximum of 90 feet
and virtually horizontal, can be mined with comparative ease.

IIBituminous coals from the upper basin are considered the highest
quality bituminous coals on the western market, They are low in ash and
moisture, extremely low in sulphur and highly volatile with a high heat
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value. Largest coal mines in the upper basin are in the Rock Springs
and Kemmerer districts in Wyoming, served by the Union Pacific Railroad,
and near Price, Utah, on the Denver and Rio Grande Western Railroad.
Most of the coal mined in the Colorado area is bituminous but some good
grade anthracite is mined in Gunnison County.

lICoal production in the upper basin increased more than 50 percent
in. the period 1940-43. Part of the increase was in coking coals mined
near Sunnyside, Utah, for new steel plants at Geneva, Utah, and Fontana,
Calif. The new completely mechanized mine located near SUnnyside has a
capacity to produce 8,000 tons of coking coal per day. Other important
deposits of coking coal are located near Crested Butte, Durango, and
Norwood, Colo. Coal in the Willow Creek area, Wyo., was found recently
to be suitable for blending with other coal in the manufacture of metal­
lurgical coke."

Coal production from the Upper Colorado River~Basin has declined
since World War II, due to extreme competition from petroleum and natural
gas. However, it is indicated from fuel and population trends on the
West Coast that large quantities of coal will be needed in the near future.
The increasing use of coal in this market will be accelerated due to
probable decline in petroleum apd gas production. Already large gas
lines are being extended from the upper basin to West Coast points.

Petroleum and_nat"!Jral ga,S. --Oil and gas have been discovered in over
40 widely separated fields in. the upper basin. Most of the fields are
located in northwest Colorado, southwest Colorado, and northwest New
Mexico. It is reported that between 15 and 20 wells are in production
in the newly discovered Ashley Valley field near Vernal, Utah.

The 1948 estimate of proven petroleum reserve in New Hexico, Colorado,
and Wyoming was over one and one-half million barrels. The reserve
strictly within the upper basin is not segregated. The estimated reserves
of natural gas in New Mexico, Colorado, and Wyoming, mostly within the
basin in millio~s of cubic feet, ~~s about 9,000,000 at the end of 1948.

Oil shale,--The upper basin contains the largest deposits of oil
shale in the United States. These beds of oil shale occur in Colorado,
Utah, and southern Wyoming. Next to coal, they are potentially the most
important mineral resource of the upper basin. The estimated oil-shale
resources in northwestern Colorado, calculated from all the information
obtained through 1950, indicate a total of nearly 500 billion barrels of
oil in an average thickness of 500 feet of shale. The reserves in Utah
and Wyoming probably are not as large as those in Colorado nor as readily
mined.

IlBituminous sandstone and rare hydrocarbons.--Another oil-bearing
material of great potential importance is bituminous sandstone. At the
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i,'."esent time it is being used as a road surfacing mat erial. Large
deposits are worked near Vernal and Sunnyside, Utah. The Vernal deposit
'~ontains a.bout 2 billion tons averaging between 3 and 15 percent bitumen
by weight, but most of it can be recovered only by underground mining.
The deposit near Sunnyside is also very large; a sample of it averaged
11 percent bitumen by weight. .

liThe only known deposits of gilsonite, elaterite, wurtzilite, and
ozocerite are in the upper basin. In normal times these materials are
mined from veins and shipped to all parts of the world for use in the
manufacture of roofing, insulating materials, and such article s as ink
and switch handle s.

liThe gilsonite deposits occur mainly in the Uinta Basin in Utah. II

Production of gilsonite in northeastern Utah amounted to 67,165
short tons valued at $1,746,223 in 1947 and 52,122 short tons valued
at $1,390, in 1943.

"Reserves have been estimated at 25 million tons. The annual out­
put of ozocerite and wurtzilite in Utah amounts to only a few hundred
tons. If

IfThis array of mineral fuels and carbonaceous mat eria ls is not
approached by any region in any other part of the world. The extent to
which these materials may provide the basis for future mining and mineral
processing within the basin and in contiguous areas cannot be foretold
definitely, but it is certain that their effect on fut ure industrial
development will be important."

Nonferrous Metals

The upper basin has contributed 3,900,000 ounces of gold, 336,000,000
ounces of silver, 1,000,000 tons of lead, 625,000 tons of zinc, and
165,000 tons of copper to the total mineral pro duction of the nation.
Virtually all of this production came from Colorado, primarily from the
San Juan Region in San Juan and San Miguel Counties and from Eagle, Pitkin
and Summit Counties. Geologic conditions are favorable for increased
production from these areas and other minor areas, providing sufficient
incentive is offered.

Ferro-alloy Metals

The Climax Molybdenum district is the largest molybdenum district
in the world and contains the largest single metal mine in Colorado. The
district is situated on the Continental Divide in Lake County. The district
has produced nearly 350,000,000 pounds of molybdenum, and the reserves
are estimated to be 500,000,000 tons containing two billion pounds of
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recoverable molybdenum. By-products produced from molybdenum treatment
comprise tungsten, pyrite, tin, monazite, and topaz.

The Plateau area of Colorado, Utah, Arizona, and New Mexico is the
principal source of uranium and vanadium in the United States. Deposits
of manganese in the San Juan Mountains and in Eagle County within the
upper basin and at Leadville, just outside the basin, may prove to be
extremely important to the nation during an emergency. These ores are
mixed with lead, zinc, and silver and are generally refractory and
difficult to treat in order to separate the constituents. They represent
one of the major met?llurgical problems in the upper basin.

Nonmetallic Minerals

Although there has been no production, potentially phosphate rock
and magnesium and potash salts constitute some of the most important
mineral resources of the upper basin. Phosphate rock occurs in medium
grade thick beds in the Phosphoria formation along the southern flank of
the Uintah Mountains in Utah. Reports indicate the reserves are enormous.
Recent exploration by the Bureau of Mines and Geological Survey near
Thompson, Utah has proven the presence of extensive deposits of carnallite,
a chemical combination of potassium chloride and magnesium chloride, and
of other potash-bearing minerals. ~ssociated beds of salt were found to
be up to 2,000 feet thick.

When other more economically situated deposits approach exhaustion,
these deposits of phosphate rock and potash will doubtless become important
sources of mineral fertilizer.

DEVELOPt1ENT AND CONSERVATION PROGRAMS

The program of the Bureau of Mines in the Upper Colorado River Basin
has as an objective the development and conservation of the mineral
resources of the area and the promotion of accident prevention and health
of the people working in the mineral industries. Development and conserva­
tion is being accomplished by providing means of (1) increasing the rate
of discover,y of new reserves; (2) reducing the cost of mining and handling
ores by improvements in techniques; (3) improving methods of recovery and
separation of minerals and metals; and (4) developing better usage of the
minerals and metals.

Mineral Mining (Except Oil and Gas)

Mineral mining as used here includes the extension or discovery of
mineral reserves, extraction of ores from the ground, and related problems.
The functions of the ~lining Division covering all problems involved in
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rm.n~ng broadly comprise (1) actual physical development to extend known
reserves and discover new ones, (2) collecting information on mining
practices at specific operations and actual research on specific mineral
deposits, (3) studies of rrQning and related problems within natural
mineral areas or other geographic subdivisions, (4) studies of mineral
resources as they relate to other resources withih basin areas, and (5)
dissemination of the information through. publication. All of these
functions have as their primary purpose the conservation of mineral
resources. .

Mininp; development and research.--Mining development and research
include the field of activity wherein (1) work is done to extend reserves
of minerals in specific deposits or to discover new ones, and (2) research
conducted on specific deposits, usually submarginal in grade, to develop
methods of mining and better equipment. This field of endeavor has
covered the entire Upper Colorado River Basin area and includes many of
the metals and nonmetallics found in the area. A current list of pending
development and research projects is maintained from which are selected
those that best meet the national need as funds become available. Exami­
nations and studies are being made constantly and the list revised to
fit changing economic and technical conditions in the nation and the world
at large. Examples of this field of activity are illustrated by the
following description of several active and proposed projects:

Coal mining methods and reduction of losses.--The purpose of this
project is to conduct research in mining thick beds of coal to increase
the extraction as a conservation measure. The over-allextraction of coal
in thick beds ranges from 30 to 70 percent. The loss represents a
national extravagance that may prove very costly for future generations.

Ferrous metals and alloys .,--Large reserves of mixed mangane se-lean;..
zinc ores and refractory manganese silicate are known to exist at Leadville.
Gilman, and Silverton, Colorado. Nationally, manganese, as well as lead
and zinc, are in critically short supply. The higher grade manganese,
low in lead and zinc content, has been virtually exhausted, and many of
the mines are largely caved and inaccessible. Most of the remaining
manganese is n~rginal or submarginal in grade according to present standards,
intimately mixed with lead and zinc, or otherwise refractory, and the
metals cannot be separated economically by known methods. The solution of
the problems relating to mining and metallurgical recovery would make
available an important source of these scarce metals.

Nonferrous metals.--The Upper Colorado River Basin area has been the
source of a considerable quantity of many of the most important non­
ferrous metals, particularly copper, lead, zinc, and many minor metals
recovered as by-products from smelter and refining plants. These metals
are on the critical list, and most of the mining development and research
in the area is devoted to problems relating to increasing reserves by
extension of known deposits and discovery of new ones.
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It is proposed to conduct experimental mining on narrow lead-zinc­
bearing veins that are found in many places throughout the area. The
veins contain large quantities of metal that are uneconomic to mine under
present standards. The object of this project is to investigate and
develop less costly and more efficient methods of mining, to test equip­
ment to determine that which 1s more adaptable, and establish better
practices that will reduce the cost of mining. Successful solution of
the problems involved in mining narrow veins will increase the known
reserves materially.

Projects designed purely to develop or extend reserves of minerals
by examination, comprising mapping and sampling, diamond drilling, trench­
ing, and underground excavation, are selected each year from a list of
requests for work from owners of prospects, examinations by Bureau of
Mines engineers, and recommendations from the Geological Survey. These
projects cover the entire area of the upper basin.

The gravels in many of the streams that have their source in the
mountains on the western slope of the Rocky Mountains in Colorado contain
gold. Considerable placer mining has been done along these streams. The
extent of these gold-bearing gravels and the gold content has never been
determined. Before any large reservoirs are established that might cover
these potentially valuable gravels, a thorough job of sampling and testing
should be done to determine the metal content. Other valuable minerals
may also be fOQ~d.

Consideration should be given to providing sluice boxes to trap
gold and other heavy valuable minerals on all Government projects or
contracts where aggregates from stream beds are to be mined for con­
struction purposes.

Nonmetallic minerals.--Development and research on nonmetallic
mineral deposits are becoming increasingly important as new uses for the
minerals are discovered. Steadily increasing demand for these minerals
has prompted the Bureau of Mines to expand investigations.

Pegmatite dikes are scattered through the large granitic mountain
masses in Colorado and New Mexico within the upper basin. These are the
source of many uncommon nonmetallics, such as beryl, mica, lithium minerals;
columbite-tantalite, feldspar, and numerous undifferentiated rare earth
minerals.

Usually the dikes 8.re mined in a haphazard and expensive manner by
individuals or small groups to recover one or two of the constituent
minerals and the remainder is wasted. This results in operations that are
uneconomic and the minerals are not available when emergency needs arise.
The prices therefore are too high for general use in special processes
and industries where they would improve the process or product.
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Several projects are being considered to determine the extent and
mineral cc.ntent of selected individual dikes, conduct research to determine
the most economical methods of mining the commercial mi.nerals, conduct
tests at the mine and in laboratories to effect separation and recovery
of the various constituents, ana make economic studies to determine the
best combined methods of obtaining production from the dikes in case of
economic need and emergencies.

Mineral research unclassified.--Mineral surveys are conducted on a
district or county basis. These surveys comprise studies of past and
present activities in the production of minerals, methods and practices
~nplQyed in mining, treatment, and related mineral industry activities.
The information is compiled, analyzed, and published.

Mineral mining methods and cost surveys are made on individual
privately operated mines throughout the upper basin. These studies are
published and made available to the mining industry. They have proven
helpful to the industry in solving many operational problems.

The proposed Park Tunnel, to drain the mines in the Park City district,
Utah, is outside the Upper Colorado River Basin, however, it is presented
here because any water drained fr,om the mining areas probably will have
to be renewed through water exchange which ultimately will have to be
supplied from the upper basin.

The great need for additional water in the Salt Lake Valley has
prompted studies of the justification and feasibility of a tunnel through
the Wasatch Range, servine the purnoses of water diversion from the Provo
River and drainage of the Park City and Alta mines. The water diversion
aspects of the tunnel now appear to be more economically accomplished by
other methods; however, the need for draining the mines is still a virtual
necessity to enable the mines to operate over any long period of time.

The important mines are within a 3-mile radius of Park City. Pro­
duction has been continuous since the first mineral discovery in 1868, and
for the years 1870 to 1948, inclusive, the recorded value of recovered
gold, silver, copper, lead, and zinc has been ;(;;385,000,000. A group of
smaller mines surrounding Alta have produced over (34,000,000 in gold,
silver, copper, lead, and zinc.

Water has been the greatest difficulty in developing the Park City
mines. As mining has continued to greater depth, tunnels have been driven
at progressively lower levels to drain mine areas. At present, the Ontario
No. 2 is the lowest drainage tunnel in the Park City area and it drains
about 6,000 gallons per minute from one section of the area. Nines in
this section have been developed 450 feet below the tunnel, but mining
below the tunnel has been impossible for some years because of toe excessive
cost of pumping that would be involved. The Spiro Tunnel drains another
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section of the area and normally collects about 6,000 gallons a minute
of which 4,500 gallons per minute is pumped from 700 feet below tunnel
level. Mines in this latter section have recently been closed and expect
to request some Government subsidy to permit them to cover the extra cost
of pumping,

It has been estimated that the proposed Park Tunnel, 1,000 feet
lower than present water level, would make accessible for mining 6,500,000
tons of ore above the tunnel and 3,250,000 tons below the proposed tunnel,
having an aggregate value of half a billion dollars.

Without the water diversion features originally considered, it is
tentatively estimated that the tunnel can be driven for 20 to 25 million
dollars and completed in 7 to 10 years.

Metallurgical Research

Today, virtually no mineral resources other than some fuels go
directly from the mine to the ultimate consumer, Our mineral economy is
based largely upon the economic effort required to convert naturally
occurring deposits of raw materials into beneficiated and purified products
which will fit into established use patterns. Although billions of tons
of important metals such as manganese, aluminum, and iron exist in the
United States, we are greatly concerned about shortages, because it is
not now feasible, economically and technologically, to convert many of
these very low-grade and often refractory resources to materials which are
suitable for the production of ferrnmanganese alloys, aluminum ingots,
or pig iron. It is this field of translating mineral resources into terms
of useful products that is the concern of the Metallurgical Division,

The ~etallurgists by employing advances in the sciences and improve­
ments in technology are finding it feasible to beneficiate, smelt and
refine consecutively lower grade and more refractory ores, thereby increas­
ing our mineral wealth in terms of utility. The metallurgist also devises
means of recovering and producing new materials demanded by advances in
related fields for rare elements such as thallium, zirconium, beryllium,
and uranium. Conversely, metallurgical research is concerned with pro­
viding new materials from minerals which occur in abundance but have been
neglected. For example, research by the Bureau of Mines recently demon­
strated that titanium, one of the most plentiful elements in the earth's
crust, can be fabricated as a metal in ductile form having the strength
of steel and only one-half the weight, and military demands already far
exceed production even at prices higher than $10 per pound.

Ferrous metals and alloys.--The proposed metallurgical program in
ferrous metals and alloys as it may apply to, the Upper Colorado River Basin
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includes investigation of the recovery of titanium, vanadium and iron
from titaniferous magnetite; ferrobrade manganese from low-grade ores;
silica-manganese from rhodonite ore; and manganese, zinc, and lead by
amalgam metallurgy from low-grade complex ores. A few typical proposed
investigations are more fully described in the succeeding paragraphs.

Domestic manganese ores in most instances are too low in grade to
be used directly by the steel industry and require beneficiation for the
production of ferrograde manganese. At present, the steel industry is
dependent upon foreign sources of manganese; and in the case of a global
crisis, it is improbable that shipping lanes can be maintained to meet
the needs of a wartime economy. It is proposed to develop processes to
treat the low-grade ores in the region and to obtain engineering data
from pilot-plant operations. The mineral beneficiation and processing
by hydrometallurgical and electro-metallurgical means would be investi­
gated to demonstrate efficient n~thods of converting low-grade ore to
products acceptable to the ferroalloy industries.

Deposits of rhodonite, a silicate of manganese, and rhodonitic-type
ores are a potential source of manganese for the steel industry. The
deposits in Colorado represent a considerable tonnage and have been
ignored previously because the ores contain excess silica and are unadapt­
able to the production of ferromanganese. It is reported that in 1949
the steel industry was ready to use as much as 230,000 tons per year of
silicomanganese in lieu of ferromanganese and ferrosilicon. It is pro­
posed to investigate the production of silicomanganese from rhodonite.

The 1. G. Farbenindustrie of Germany has developed a new metallurgi­
cal process called "amalgam metallurgyll based on the cyclic use of mercury
as a reagent. Among the accomplishment s claimed for this process are
(1) production of high-purity zinc, manganese, and other metals from
impure electrolytes; (2) direct electrolytic production of alloys of
virtually any desired composition; (3) electrolytic production of powdered
metals and alloys; and (4) ability to produce 99.999 per cent zinc, lead,
and other metals from low-grade and complex ores. The process may be
applicable to many deposits of low-grade ores in the region such as the
manganese-zinc-lead-silver ores of the Leadville and Gilman districts.,
Colorado. It is proposed to study all available information concerning
the process, to conduct investigations on laboratory scale, and if the
results are sufficiently encouraging, to try it in a pilot plant treating
typical ores.

Pyrometallurgical research proposes to study the development of
processes for treating str~tegic domestic ores such as those of chromium
and manganese by pyrometallurgy and by electrometallurgy. This study will
develop more economical methods for producing ferroalloys acceptable for
use in industry. It will also develop methods for the simultaneou~ recovery
of silver, lead and zinc from low-grade manganese ores. Technologic studies,
already complete, indicate the feasibility of developing and improving such
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processes and the final step in producing metal always involves a process
in pyrometallurgy, electrometallurgy or by electrolysis.

The production of manganese by electrodeposition from chloride
electrolytes prepared from low-grade domestic ores appears to be economi­
cally feasible. Laboratory work has indicated that leaching low-grade
manganese ores with hydrochloric acid and ammonium chloride followed by
electrolytic deposition of manganese can be adapted to comnercial pro­
duction. This project proposes to study the factors involved in convert­
ing the present laboratory process into a commercial process by erecting
and operating a production pilot plant that will produce 1,000 pounds of
pure manganese metal per day.

Nonferrous metals.--Copper, lead, zinc, antimony, gold, and silver
deposits represent the chief nonferrous mineral resources and the suggested
metallurgical program includes investigations directed toward the solution
of major problems confronting industry for the more efficient utilization
of these resources. In addition to the more common nonferrous metals, the
area is the only important source of uranium and vanadium. Programs for
these particular metals are given as are descriptions of investigations
dealing with the production of such rare metals and elements as hafnium,
galli~~, germanium, selenium, telluri~~, beryllium, titanium, and zir­
conium by special processes. The following paragraphs discuss the signi­
ficance and scope of a few typical suggested metallurgical investigations.

Uranium.--The area encompasses virtually all the known producers of
uranium ore in the United States. The uranium occurs in many types of
minerals which are in general low grade. As the mining and processing
of uranium ores become more declassified and are taken over more by industry,
the need for technologic data will be critical. It is proposed to investi­
gate processes for beneficiating low-grade ores and for the treatment of
many off-grade types to permit the widest production of this important
element. The information sought would be that which could be generally
disseminated without jeopardizing national security.

Many major problems face the western mineral industry in meeting
the demands for ever-increasing amounts of lead and zinc. These problems
can be attributed to the ey~austion of high-grade ores, with the consequence
that lower grade and more complex ores must be worked, and to the increased
cost of obtaining the metals from more remote and smaller deposits. In
seeking a technologic solution of these problems, it is proposed to make
a comprehensive study in two directions as follows:

Unitized small smelting plants - The success of large integrated
smelters in acting as custom buyers for ore has to a large extent discouraged
investigation into the feasibility of building and operating small-scale
smelters suitable for treating complex lead ores. However, existing
smelters were originally located close to large mining districts, which
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have now been exbausted; and with the increased cost of hauling C1""~ .,

these smelters many remotely located complex ore deposits cannot now be
profitably exploited. One possibl~ solution is to devise a simplifiec
smelting process using a minimum of equipment to make the capital cost
low and so unitized as to be readil~moved to a new location •.,

Volatilization processes - Another attack on the same prcbiem of
treating complex ores, particularly partially oxidized ores of lead and ,
zinc, is the possibility of developing a volatilization process for treat­
Inent of this type of ore. The Waelz process, as employed on very low-grade
and complex ores in European countries, has not been adequately tried in
the United States; and it is proposed to determine what modifications of
the basic process are needed to make it applicable to treating domestic
ores.

Nonmetallic minerals.--The nonmetallic mineral program of the area is
headed by the vital problem of investigation, the utilization of the low­
grade western phosphate ores by mineral beneficiation, furnace treatment,
and chemical processing. The program also includes the beneficiation an~

preparation of clays for irrigation ditch linings, catalysts, and various
other uses; the recovery of economic and rare, strategic minerals from
pegmatite dikes; and the evaluation of the rare earth content of placers,
dikes, and disseminated deposits in the area.

The reserves of western phosphate rock are tremendous, but most of
the phosphate beds are not high in grade. Utilization of these low-grade
deposits will be essential in the future economy of the area. Before any
large-scale use can be made of the phosphate ore and shales, a technology
must be developed for the low-cost beneficiation, and furnace or chenucal
treatment, of the low-grade ores and shales that are minable by large-scale
and inexpensive methods. Laboratory and small pilot-scale studies would
comprise the major part of the initial proposed mineral beneficiation work,
and the emphasis would be on the use of low-cost gravity, flotation, and
dry methods to produce acceptable feed material for the more expensive
chemical or furnace treatment. The pioneering studies would be supplemented
by larger scale demonstration units to further prove the processes and
provide data using commercial-size equipment. It is further proposed to
stUdy the feasibility of treating the beneficiated phosphate material by
various alternative chemical and furnace methods to recover superphosphates,
elemental phosphorus, by-product vanadium, and defluorinated products.

In the conservation of water resources, the prevention of seepage
losses from water ponds and irrigation ditches is becoming increasingly
important. As much as 25 percent of the irrigation water in secondary and
tertiary canals and ditches may be lost by seepage. A small amount of a
swelling-type bentonite luulched into the porous and sandy soil forms an
impervious coating that reduces water seepage and thereby conserves the
liInited supply for useful irrigation purposes. A number of bentonitic clay
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deposits are known to occur in the river system areas. Although some of
the wyoming and South Dakota bentonites are high-grade swelling types, the
Colorado and Utah deposits are generally of the non-swelling type that
would require physical beneficiation and chemical processing to increase
their gelling and swelling properties to make them useful as a lining
material. It is proposed that a laboratory investigation be initiated to
study the. beneficiation and base exchange methods for converting the readily
available non-swelling type bentonites to useful and low-cost swelling type
bentonite. A further objective of the work would be the preparation of
satisfactory swelling-type bentonite and activated bentonite for well­
drilling muds and oil clarification to be used in oil fields and refineries.

Important areas of pegmatite dikes in the area contain eeonomic
minerals such as feldspar, mica, zircon, quartz, and lithium minerals.
They also contain rare and strategic minerals such as beryl, columbium,
hafnium, and thallium. Quartz, feldspar, and zircon ar~ used in large
quantities for the production of ceramics, glass, and refractories, while
mica, lithium minerals, beryl, columbium and tantalum, hafnium, and thallium
are all important strategically and occur rarely in the United States. It
is proposed to make laboratory and pilot-plant studies of methods for the
production of economic minerals from the vast dike systems.

The major portion of the metallurgical work would consist of labora­
tory and small pilot-plant studies in mineral beneficiation aimed at the
production of the principal minerals such as feldspar, mica, beryl, and
lithium minerals. The project would also entail rnicroscopic, chemical,
and spectrographic studies of the rare elements and chemical extraction
methods if this type of research were a logical sequence of the investiga­
tion.

Coal Utilization Investigations

Although coal production in the Upper Colorado River Basin is relatively
low due to extreme competition of oil and natural gas, it is indicated from
fuel and population trends in California that large quantities of coal will
be needed in the relatively near future. At present, California uses
relatively no coal but by 1955 it is indicated that about 10,000,000 tons
will be required per year to supplement oil for generation of electric
power. Each year thereafter more coal will be required because the demand
for electric power in California more than doubles every ten years.

Raw coal from Utah costing $4.50 per ton at the mine can be shipped
to California to compete with fuel oil at about $2.60 per barrel. Approxi­
mately the same will hold for coal from western Colorado with slight
adjustments in freight rates. In 1949, the price of fuel oil rose to $2.45
per barrel, and it is indicated that by 1954 the average price of oil will
be close to $2.60.
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If favorable coals in the Upper Colorado River Basin are distilled
at low temperatures to make tar-oils and chars, it is feasible to recover
up to 45 gal~ons of tar-oil per ton. The ~hars pr~duced represent about
73 percent of the available heat in the raw coal but only about 63 percent
of the weight. It is indicated that the cost of processing coal will be
considerably less than the value of the tar-oils produced; therefore, the
probable cost of char on a heating-value basis should be considerably
less than the cost of raw coal delivered in California. If this can be
proved by adequate research and development, a vast new industry and new
markets for coal in the Upper Colorado River Basin will be created.

Although hydro-power development in the west will relieve the
demand for electric power, it is pretty well proven that thermal power
is necessary in some areas to sustain firm markets for hydro power. In
a relatively few years, it will be necessary to install thermal power
plants to supplement hydro power. Such plants should be designed to burn
char for steam generation or for the gas turbine. The by-product tars
produced would be the basis for new industries or raw materials for
synthetic liquid-fuel plants.

Much research is needed to establish the technical and economic
facts related to utilization of processed coal for power generation. The
Coal Branch of Region IV has studied this problem in connection with
utilization of Texas lignites. Similar studies on testing and appraisal
of Upper Colorado River Basin coals should be conducted as a long-range
problem to improve the western fuel picture. National ~uel economy
requires maximum efficiency in the use of fuel. This is especially true
when considering shipments of large quantities of solid fuel to California
where the freight cost exceeds the mining cost. By processing coal at
the mine to remove moisture and inert constituents, the higher heating­
value char can be shipped at less cost per heat unit and the savings in
freight will pay .a large part of the processing expense. The by-product
tar-oils have value for chemical raw materials or for the manufacture of
synthetic liquid fuel.

In planning the fuel economy of the Upper Colorado River Basin, multi­
purpose use of coal should be considered as a conservation measure. Solid
fuel should replace liquid fuel for generation of electric power because
it is not desirable to burn oil for generation of power if coal can be
supplied at equal cost. The same applies to natural g~s.

The following discussion gives a striking example of the great potential
possibilities in the use of processed coal for generation of "electric power
on the West Coast: The Pacific Gas and Electric Company is just about to
complete the construction of two new large power plants at Moss Landing
and at Contra Costa. These plants will cost over $100,000,000 and they
are designed for use of oil, gas, or coal. Each plant will have a capacity
of 300,000 KW. The PG&E expects to construct additional plants to keep
up with the constantly increasing power demand.
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Such a plant will require 718,000 tonE per Y0ar of high-grade Utah
coal of 12,500 Btu/lb. It will require 2.54 million barrels of fuel
oil or 16.86 billion cubic feet of natural gas per year if these higher
value fuel& are used. P~w coal can be shipped from Utah to compete with
oil ~men the price of oil is about $2.60 per barrel and this may occur
in the relatively near future.

If coal is up-graded at the mine to make char and tar-oils, 1,OOO~OOO
tons of coal would be processed at the mine to produce 628,000 tons of
char of 13,610 Btu/lb. The char thus fonned will run the plant but the
weight represents only 87.5 percent of the weight of raw coal needed.
The freight saving will therefore be 12.5 percent or equal to 45 cents
per ton of coal processed. The tar produced amounts to 45 million gallons
or 1.07 million barrels per year. It is indicated that tar is worth
abbut 11 cents per gallon and the tar value per ton of coal processed is
$4.96. With the sav~ng in freight of 45 cents per ton of coal, the
potential values created to defray cost of processing amount to $5.41
per ton of raw coal. Since it is indicated that the cost of processing
will be about $2.00 per ton, there is a substantial margin to reduce the
cost of char delivered at the power plant to a point where it will compete
with fuel oil.

The Coal Branch of Region IV, Bureau of Mines, has developed new
processes for high-speed drying and carbonization of non-coking coals at
low temperatures o Due to the high capacity of plants employing the new
process, the investment cost is estimated to be about $1,000 per ton of
daily capacity. The process is continuous and subject to automatic control.
Coal is handled pneumatically in the fluidized state, there are no moving
parts except a gas compressor, and the cost of operation should be less
than $2.00 per ton of coal handled. The development of this process on
a pilot-plant scale has been done in cooperation with the Texas Power and
Light Company and it is indicated that processed lignite in Texas may soon
compete wi th natural gas for power generation,

Research and development work on processing coals of the Upper
Colorado River Basin is necessary to determine the technical and economic
data for a more accurate appraisal of the possibilities of treating coal
for shipment to California and for use in the basin in power plants
supplementing hydro power,

Oil-Shale Development

Resources.--It is an accepted conclusion that liquid fuels playa
major role in the economy of the United States and it is absolutely impera­
tive that an adequate supply of such fuels be available at all times if we
are to maintain our present standard of living. In the past, these liquid
fuels have been produced solely from petroleum, and since petroleum is an
exhaustible resource, it is mandatory that other sources of liquid fuels
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be developed. Liquid fuels can be produced from such natural resources
as coal and oil shale. In order that the United States will have an
adequate supply of liquid fuels for an indefinite period of time, the
second session of the 78th Congress passed the synthetic-liquid-fuels
Act charging the Bureau of Mines with -the responsibility of developing
the necessary technology to insure that the nation would have a con­
tinuing supply at a low cost. In accordance with the provisions of this
Act, the Bureau of Vanes established and has in operation an oil-shale
demonstration plant and mine near Rifle, Colorado, where work conducted
to date indicates that liquid fuels can be produced from oil shale at
costs not greatly exceeding the production of the same fuels from petro­
leum. However, in order to produce adequate supplies to augment our
dwindling petroleum production at costs satisfactory to our economy,
further research and development work are necessary and such research
must continue as long as the natural resource is available so as to
increase the quantities of liquid fuels, thus conserving the natural
resource and reducing its cost so that it can be used more widely.

To date less than one third of the vast oil-shale deposits in
Colorado have been proven or blocked out. As expenditure of nearly
$1,000,000 over a period of six years would be necessary to block out
completely a thousand square miles of probable commercial grade oil shale
in northwestern Colorado. This work would include approximately 51 holes
for a total length of about 91,000 feet.

Large deposits of Green River formation are known to exist in both
Utah and ~~omj_ng. However, little is known about the oil yield from the
formation in these states. It is roughly estimated that with the drilling
of 45 holes for a total of about 125,000 feet and the expenditure of
about $1,440,000 the most important areas of these states could be located.
It would take approximately six years to complete this preliminary program.
Considera,bly mere drilling would be necessary to determine accurately
the exten~ of the areas located.

The term "oil shale 11 is a misnomer, as it is not a true shale but a
marlstone and contains no free oil but an organic material which can be
converted to liquid products.

The oil-shale project is composed of three distinct industrial phases;
first, the roc:-:: n,ust be mined and crushed; second, t:18 solid organic
products "lre C 0 11v'3::,ted to liquids; and third, t,be liCjvid product is con­
verted to usa.ble fuels. Since there was no technology avai2.able pertain­
ing to these three phases of operation, it had to be developed by the
Bureau of l1ines. Although to date, as a result of experimentation and
demonstr"ltion, the Bureau has been able to make marked progress in the
developn12nt of this technology, a large amount of research work is yet
to be done before economically feasible commercial projects can be
established.
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~lining.--During the period 1945 to 1950 the Oil~Shale Minin6 Branch
has developed the equipment, method, and procedure for one means of
exploiting the 70- to 90-foot-thick Mahogany Ledge of the Green River
formation in western Colorado. Production rates of 148 tons per man
shift underground labor have been demonstrated at a direct cost of 29.2
cents per ton.

It is estimated that a period of six years and an expenditure of
about $3,200,000 are necessary to complete the present mining research
program, design and fabrication of new and more efficient mechanized
equipment, and to demonstrate their use in a unit of a large-scale opera­
tion. In addition, alternate methods of mining should be investigated
and the mining of thinner sections containing greater values should be
demonstrated and evaluated.

Mining research that must be completed includes improvements in
operating procedure and lowering of operating supply costs for percussion
drilling; rotary drilling research to determine optimum drilling charac­
teristics of the oil-shale formation and the selection of suitable rotary
bits; the completion of instrumented blasting research designed to lower
the cost of explosives in both heading and bench rounds; investigation of
alternate loading and transportation equipment should be done to lower
the cost of these phases of the operation; exhaustive studies of accurate
methods for determining the stresses in the mine structure must be con­
tinued and expanded; methods for ventilating large-scale commercial mine
structures must be determined and demonstrated; and the possibility of
mining by means of sonic disintegration should be fully investigated.

The present mine structure must be developed to demonstrate mining
the 70-foot Mahogany Ledge on two levels employing both percussion and
rotary-type drilling upon the completion of suitably designed mechanized
equipment. A method for mining a 25-foot-thick bed yielding pbout 35 to
40 gallons per ton should be determined and studies of the mine structure
stresses in such a mine should be made. Suitable equipment should be
designed, fabricated, and demonstrated. Efficient mining cycles should
be established.

Plant.--During the period 1949-50, the Oil-Shale Demonstration Branch
has conducted research on an developed several retorting and refining
techniques for the extraction of oil from shale and its subsequent con­
version inte usable liquid fuels. Numerous processes and specially developed
equipment for using these processes have been developed, and from these
additional information is steadily forthcoming from which better processes
and types of equipment can be developed.

Retorting.--The only way known to date of converting solid organic
material to liquid products is through the application of heat, and major
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problems involved in the development of techniques and equipment are
in reality a problem of heat transfer and material handling, and because
of the complex organic material occurring in the oil shale the mechanisms
of the chemical reactions for its conversion to oil must be understood
in ~rder that an adequate solution of the problem may be forthcoming.
In order to solve these problems it requires the construction and opera­
tion of several stages of pilot-plant equipment to obtain the necessary
thermodynamic and engineering information on which to base the design
of a commercial plant.

Refining.--Since shale oil is a different chemical substance than
petroleum, it cannot be converted to usable products usinb standard refining
practices. The chemical complexity of shale oil is increased because of
the presence of sulfur and nitrogen in combination with carbon and hydrogen.
To solve the technical problems involved requires the construction and
operation of numerous and various size~ of pieces of pilot-plant equip­
ment. The devising of various processes and design, construction, and
operation of equipment t6 reduce this process to practice and analyses
of the data obtained therefrom are the bases of necessary chemical, ther­
modynamic, and engineering information necessary to produce commercial
units capable of producing high-quality, low-cost products.

Plant location survey.--In addition to the development of necessary.
mining, retorting, and refining technology and drilling of core holes to
prove th~ extent of the oil-shale deposits, it is also necessary to con­
duct location surveys for adequate sites-upon which to establish an oil­
shale industry. A~ previously stated, the Green River oil-shale reserves
occur in abundance in northwestern Colorado, northeastern Utah, and south­
western Wyoming. In this particular area the terrain is extremely moun­
tainous and cut iiith numerous river valleys. Because of the terrain and
the extremely isolated areas, and in order to establish industries to
utilize the resources, it is imperative that the area be thoroughly sur­
veyed and adequate, detailed plot plants and topography maps be'made so
that the mines, plants, and refineries could be advantageously located
with respect not only to each other, but with respect to availability of
water, power, transportation facilities, and existing communities.

Petroleum and Natural Gas Research

In any planning or development program that might be undertaken
relative to a river basin, the ~ount or the reserves of oil and gas
should be known as well as the rate at which these reserves can be made
available. It is necessary to know that in making these resources avail­
able, the oil and gas fields are operated so that the greatest recovery
of these resources will be accomplished.
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An inventory of the physical plant in its branches of production,
pipeline and refinery, as well as the requirements of energy and water
and the utilization of manpower, all as of the present and projected
into the future are requisites.

In the Upper Colorado River Basin there are undeveloped resources
of materials that should be studied with the view toward the utilization
of these natural resources in the economy of the area, materials such
as tar, waxes, gilsonite, and the unusual natural gas~s.

~lineral Statistics and Economics

The Bureau of }fines collect: production statistics of all the
minerals produced in the United St~tes. Each year these statistics and
economic studies are published in the publication known as the Minerals
Yearbook. This publication has a worldwide circulation and is regarded
as the most authentic information available.

Within the area of the Upper Colorado River Basin, petroleum and
gas statistics are collected in Los Angeles and gold, silver, lead, zinc,
and copper statistics are collected in Denver and Salt Lake City. The
present plan is to expand this collection of statistics at these offices
to include all minerals. The importance of statistics of production
cannot be over-estimated since it gives an index to the supply of critical
minerals and metals available. A mining library is maintained in Denver
and in Salt Lake City where the mining public, consulting engineers, and
others interested in mining may obtain information readily.

Accident Prevention and Health
in the Mining Industry

The Bureau of Mines was organized in 1910 following a series of
disastrous coal-mine explosions which resulted in the death of hundreds
of miners. The basic Act outlined, as one of the principal activities
for the Bureau, studies to increase mine safety and the reduction of the
accident rate in mines. Subsequent Acts of Congress greatly expanded
the activities of the Bureau of Mines, and today the Bureau of Mines has
an interest in all phases of mining.

The fatality accident rate in coal mines has been reduced from 5.63
killed per million tons of coal production in 1910 to 1.24 in 1949; there
has been in the same period over 50 percent reduction in fatalities in
non-coal mines on an exposure basis.

All coal mines in the United States are inspected from one to four
times per year by the Federal coal-mine inspectors. Some very small mines
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have not been inspected because of an insufficient number of inspectors.
In the Upper Colorado River.Basin area virtually every coal mine of
whatever size has been inspected at least once every year. In addition
to the inspection of coal mines, the inspectors are trained in the use
of oxygen-breathing apparatus and are available in case of a disaster
such as a coal mine explosion or a mine fire. There is seldom a year
that the Bureau of IvJines is not called upon to furnish trained personnel
to assist in recovery work following a fire or a mine explosion.

The Accident Prevention Branch provides technological assistance
in promoting mine safety in the metal and nonmetallic branches of the
mineral industr,y. The work includes demonstrations of the hazards in
handling and use of inflammable liquids such as gasoline, the use of
Diesel engines underground and inspections of operating mines so that
the known hazards ~~y be pointed out to the operators. Employees in
the mineral industry are given training in first aid to the injured and
in the use and care of oxygen-breathing apparatus.

The work of both the Coal-Mine Inspection Branch and the Accident
Prevention Branch includes much instruction of mine officials and employees
through accident-prevention classes.

The Roof Control Branch studies the roof control methods practiced
within the region, the use of timber and metal supports including various
types of roof bolts, and the study of roof fall accidents which comprise
at least 50 percent of the fatal accidents in the mineral industry. This
branch is new to the Bureau of Mines, and considerable expansion is con­
templated.

~~ne ventilation, particularly in metal and nonmetallic mines, is
generally inadequate. Most coal mines are ventilated in accordance with
state laws. The Bureau of Mines furnishes technological advice to mine
operators whereby the ventilation can be improved and brought to the
standards set by the U. S. Public Health Service.

Studies are made of explosives practices in all types of mining.
Explosives are one of the primary sources of serious and fatal accidents
in mines. The work in testing explosives, and the study of fast-delay
detonators, double priming, and fumes from explosives should be greatly
expanded.

The mechanization in coal mines, particularly, and to a lesser degree
in metal mines, has introduced new hazards in mines because of electricity
used for power. The hazards of the use of electricity underground are not
well known in many instances. This field of study should be augmented,
and more information made available to the operator.
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Many millions of tons of coal are burned each year by fires which
occur in the coal deposits in the western states. The Bureau of Hines
is currently controlling fires in coal beds on the public domain and
this should be continued until all known fires have been controlled.
The cost of controlling these fires ranges from ~t200,000 to $350,000
per annum. . .
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The whole Colorado River Great Basin is of special importance and
significance to the Bureau of Indian Affairs. Within its broad bounda­
ries live over one-fourth of the Indians of the United states totaling
in numbers to approximately 101,600. Residing in that part of the Great
Basin to be direct~T benefited by the Colorado River Storage Project of
the Upper Basin are approximately 38,000 Indians. Eighty-four percent
of these Indirns are Navajos, while members of the Ute and Apache tribes
make up the balance. They are almost entirely dependent on the natural
resources of their lands which are inadequate for their minimum needs.
To them, as to their non-Indian neighbors, water is of vital importaIl~e.

Historically, Indians within this arid region settled along the water­
courses, particularly those of the Colorado River and its tributaries.
It was inevitable that conflicts over the use of water with non-Indians
should develop, and many such conflicts are still unresolved. With the
settlement of the West, and the encroachment of non-Indians on lands which
the Indians formerly used at will, reservations were established through
treaty, executive order, and congressional action. Restricted to limited
areas, and increasing in population, the Indians overgrazed their land and
now face with non-Indians the problems of accelerated el'osion, soil deple·­
tion and diminished resotITces.

Tribes within the Colorado River Great Basin have retained their
aboriginal culture to a greater degree than trlbes elsewhere in the
United States. In many parts of the region the Indians have had
only slight contact with modern technologies. Many Indians speak only
their native tongue, and only a minority can read and write. There is
a strong adherence to their traditional patterns of thought and behavior.
The reluctance to accept modern technologies and concepts, the inability
to read and speak Engl.ish, and a resistance to leaving their reservations
create serious problems in the economic development of the Indians of the
region.

The basic responsibilities of the Bureau of Indian Affairs are two­
fold: To protect and develop Indian resources; and to help and encourage
Indians in the slow and sometimes painful process of acculturation. The
final goal is the integration of the Indians in the social, economic, and
political pattern of American life~ It is obvious that the work or the
Bureau deviates widely from that of other Bureaus in the Department of
the Interior.

The Colorado River Basin is the pre-Columbian home of most Indians
now living within its boundaries. They were not t~ansplanted there from
other parts of the country under the pressure or the westward movement of
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the white population. This has an important influence on their attitudes.
They have strong emotional and cultural ties to their land, even though
it is in many cases unproductive.

Within the Upper Colorado River Basin region Indian land holdings
total approximately 11,000,000 acres located on reservations varying in
size from the vast Navajo Reservation of over eight million acres within
the "upper basin", while an almost equal acreage of this reservation is
located within the adjacent "lower basin". The greatest part of this
whole area is classified as open grazing land - most of which has a very
low carrying capacity. There are 360,000 acres of Indian land susceptible
of irrigation in the Upper Basin taking into account the full development
of the projects now partially irrigated.

With some notable exceptions, the land base of the Indians is grossly
inadequate, and even with proper development and use cannot support them
at a minimum acceptable standard of living. They are, however, perculiarly
dependent on the resources -of their land.. Most Indians are not equipped
by education, experience or ambition to compete with non-Indians away from
their reservations. Nor do they have the desire to leave the emotional
security of their own environment and face insecurity and discrimination
in the outside world, yet it is inevitable that many Indians must progress­
ively seek their living away from their lands.

Indian Resource Problems

The Bureau of Indian Affairs is responsible for the protection,
development, and conservation of all lands held intrust for the Indians.
In the Upper Colorado River-Great Basin region these total over 11 million
acres as already stated.

Certain problems faced by Indians in the development and use of their
lands are common to all groups making a living from the soil of this arid
region. In addition there are other problems peculiar to the Indian which
intensify the difficulties of the Bureau in its administrative responsi­
bilities.

Fundamental in consideration of Indian resource problems is the gross
inadequacy of the land base, and the peculiar dependence of the Indians
on their land for a livelihood. An increasing population has placed a
progressively heavier burden on the land, and resulted in serious overuse
of the grazing land especially. Its productivity has been drastically
reduced, and in many areas accelerated erosion has taken place. The
prevention of further deterioration of the soil, and the restoration of
damaged areas are of major concern to the Bureau and to the entire region.
The effect on Hoover Dam of the soil erosion on the Navajo Reservation
has been widely publicized. There are other examples, less dramatic,
throughout the region.

2

,',



BUREAU OF IND IAN AFFAIRS

There are approximately 10.2 million acres of tribal land and
SOO,OOO acres of trust allotted land in the Upper Colorado River Basin
region. Both types of ownership present serious problems in the effi­
cient use of the land. On many unallotted reservations the pattern of
land-use is according to tribal custom without a formalized system of
land assignment. Individuals and groups have certain historical land-
use rights in areas which are informally recognized by other members of
the tribe, but there is rarely any clear delimitation of the area. The
Bureau and the Indians face the task of creating effective land-use
codes, through 'Which individuals and groups will have clearly established
land-use rights to specific areas of land. In addition, governmental and
tribal controls are needed to implement these codes and assure sound land­
use practices.

Even more serious are the problems of proper land-use on trust allot­
ments. The General Allotment Act provided for the allotment of small
pieces of land to individual Indians, var,ving in size from 10 acres of
irrigated land to 160 acres of grazing land. Under the law, trust allot­
ments cannot be alienated, but on the death of an allottee are subject to
the state inheritance laws. The result over the years has been a progres­
sive subdivision of allotments which were often uneconomic units originally.
Unless the numerous heirs to an allotment could agree among themselves,
the individual holdings were too small to farm, and often fell into
disuse. This process is continuing and threatens paralysis of some of
the most valuable Indian land in the region.

Inadequate credit has been another obstacle to the full use of
Indian lands for farming and stockraising. Indians are denied the usual
sources of credit because of the trust status of their land, and their
lack of property to use for security. Congress has never fully recognized
the importance of this, and loan funds established through congressional
action have not been large enough to meet all Indian needs. This in spite
of an extraordinarily fine repayment record by Indians of the funds that
have been made available.

The eXisting and potentja 1 projects of irrigable Indian land in the
Upper Basin have all the problems of water rights, maintenance costs,
drainage, water supply, and operation which are common to all irrigation
projects. In addition the Indians have special problems inherent in the
transition from subsistence fanning to commercial farming and use of
m0dern farming methods. The Bureau has the task of developing potential
irrigation projects to meet the pressing needs of the Indians, safeguard­
ing Indian water rights, and assisting Indians in learning new techniques
of agriculture.
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Irrigation

General

The complete utilization of all Indian basic resources must be
brought about with the utmost speed in order to prevent a continuing
drain upon the Federal Treasury for Indian support and to forestall the
pauperization of a large part of the Indian population. And it is here
that the importance of irrigation as a part of the economy of Indian
administration becomes apparent.

Agricultural development by irrigation on most of the reservations
in the arid and semi-arid regions constitutes the principal if not the
sole means and opportunity by which the Indian may become self-supporting
and make proper use of his lands. Also the continued and further develop­
ment of Indian irrigation projects is essential to preserve the water
rights pertinent to the reservations which have been established by
treatises or other Federal enactment. This right becomes increasingly
difficult to protect in the face of approaching full development of the
general water resources of the country by other water users. At present
the Indians are not prepared or equipped to develop their own water rights
and it is the Governmentts duty to do so. Congress, facing the difficul­
ties of Indian self-use of irrigated land and realizing the subsistence
character of farming operations especially in its initial stages, in 1932
passed what is commonly known as the Leavitt Act (47 Stat. 564). This
legislation provides in effect that no irrigation construction assessments
shall be made against Indian lands so long as the title remains in Indian
nwnership. It further provides that the Secretary of the Interior may
adjust or cancel any unpaid operation and maintenance assessments. Both
unpaid construction and operation charges constitute first liens against
the land, which will be recited in any patent or instrument issued for
such lands.

It accordingly will be seen that the need for and the feasibility
of irrigation projects for Indians should be determined by a somewhat
different formula than is commonly used in determining the feasibility
of irrigation projects for the more mobile white farmers. Economically,
the Indian is confined to his reservation until the time comes when he
has adjusted himself to the whites' "civilized competitive environment. 1I

A large factor in the question of economic feasibility of Indian
irrigation projects is whether it will tend to increase the chances of
the Indians becoming self~supporting. Consequently the justification
for Indian irrigation projects should to a large extent be measured by
what it would cost in Federal gratuities if the irrigation projects wer€
not constructed. Included in these gratuities are the many social and
administrative costs created by the existence of a large substqndard
population.
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Continuation of irrigation development for Indians together with the
construction of works to serve such privately owned land as may be included
in Indian irrigation projects should be continued by an organization direct­
ly under the control of the Indian Bureau. The success of an Indian irriga­
·tion project depends not only upon it being properly and economicallY con-
structed and operated but also upon the development of the Indian to the
point where he will make use of the facilities provided. This is a human
and social problem which necessarily must be worked out in company with the
other elements essential to Indian advancement. The irrigation activities
must dovetail into an integrated reservation program.

Indian Irrigation Projects in the Upper Basin Navajo
Reservation - Potential .and Existing

Shiprock Project - The resource development which would provide for
the largest number of Navajo families is the proposed Shiprock-San Juan
irrigation project. It is located south of Shiprock on the San Juan River
in the northwest corner of New Mexico and comprises a large area of Navajo
tribal land susceptible of irrigation from the San Juan River. The possi­
bility of developing an irrigation project in this area has been under
intermittent consideration for more than 50 years. Surveys have been made
by one or more state Engineers of New Mexico, the Bureau of Indian Affairs,
and the Bureau of Reclamation as well as by private persons. More recent
studies of the Bureau of Indian Affairs in which the Bureau of Reclamation
has substantially assisted have now reached the preliminary report stage.
The final phases of this report together with any further extensive
investigations must necessarily await the outcome of current negotiations
endeavoring to reach an agreement covering allocation of the waters of
the San Juan River and its tributaries taking into account the apportion­
ments made to the Upper Basin States by the Upper Colorado River Compact.

The net area of the Shiprock Project pending the water supply
determination and as assumed for preliminary report purposes is 114,000
acres, all of which could be irrigated by gravity facilities. A consid­
erably larger gross acreage of 45,000 acres could be served by pumping
with a maximum pump lift of 150 feet. In the event the Bureau of Reclama­
tion l s proposed South San Juan project is constructed as has been proposed,
as much as 23,000 acres additional Indian land area could be included in
that project.

Present project major structure plans are based upon participation
in the power benefits and the use of the Navajo Dam am Reservoir which
comprises one of the main units of the Colorado River storage project,
and has long been used as the storage site for the Shiprock project.
This unit of the storage project as tentatively designed will have a
capacity of over one million acre-feet.
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At least a portion of the area of the Shiprock project would be
competitive for the utilization of the San Juan River water supply with
the potential South San Juan project as well as with the San Juan-Chama
transmountain diversion project. These two latter proposed develnpments
have been under investigation and study by the Bureau of Reclamation for
several years. Obviously the size and cost of the several proposed proj­
ects in this region will depend upon final allocations of the available
water supply. No determinations have as yet been made as to allocation
of construction costs to power or to flood and silt control. The assumed
114,000 acre Shiprock project would provide economically sized farm units
averaging 63 acres to 1800 families. Several times this number of non­
farming families would eventually be supported as incidental to the
extensive agricultural production which would surely result from a project
of this magnitude.

Navajo Animas-La Plata (Potential ProjectL

Within the proposed extension of the Animas-La Plata project of the
Bureau of Reclamation there is an area of 25,000 acres of Indian land on
the Navajo Reservation Which is susceptible of irrigation. This land
lies in the Monument Rocks area north of Shiprock and v-ould be served by
extending the Animas-La Plata canal system. The Bureau of Reclamation is
currently designing this project for a total area of 110,000 acres of
which about 24,000 acres of non-Indian land is now under constructed
works. The enlarged project involves the construction of nine reservoirs,
a hydroelectric powerplant, together with a canal and distribution system~

Navajo Miscellaneous Irrigation Projects (Present and Potential)

The present irrigation development on the Navajo Reservation within
the Upper Basin region consists of more than 40 small tracts varying in
area from 20 to 4200 acres each. The aggregate area in these units now
provided with irrigation facilities is approximately 15,000 acres of which
about one-half is Class 1 and one-half Class 2 land of five classes of
land surveyes.

These small irrigated tracts are scattered over the entire reserva- ,
tion and because of such dispersal fit in well with the livestock economy
of the Indians. Expansion of a considerable number of these units to
their ultimate irrigable area estimated at some 25,000 acres in the aggre­
gate should be given favorable consideration. The potential work involved
in completing these small projects consists of extending and improving the
canal and lateral systems, the development of some additional and supple­
mental storage capacity and the preparation of raw land for Indian use.
Construction work is now under way on the more promising of these units
and the preparation of detailed plans are sufficiently advanced' so that
the work can be continued. Further surveys will be :nade as required for
the development of the remaining units which will be carefully selected.
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Based upon the estimated productive capacity of the present irrigated
area it is believed to be sufficient for the support of 300 families.
With the eventual completion of the more feasible units, it is estimated
that an additional 200 families will be able to obtain self support by
farming.

Uintal'1 and Ouray (Existing and Eotential Extensions) - Utah

There are 77,000 acres under irrigated works on the Uintah Reserva­
. tion in Utah, supplied by water from the Uintah, Duchesne, Lake Fork and

Whitewater Rivers; and 1250 acres with irrigation facilities on the
Uncompahgre Reservation. It is planned to increase this to 22,000 acres.

A preliminary statement of the Bureau of Reclamation on the proposed
Central Utah project, which is currently under investigation, the initial
phase development of which has been named as one of the principal partic­
ipants in the Upper Colorado Rj~er account, states that this project
llproposes to intercept water of the streams flowing down the southern
slopes of the Uintah Mountains at sufficient elevation to flow by gravity
into the Bonneville Basin••••• Repla cement of water thus diverted from the
Uintah Basin would be accomplished under ultimate phase development by
diverting water f'rom the Flaming Gorge Reservoir on the Green River. ll

The Indian as well as the non-Indian landowners throughout the
Uintah Basin are vitally interested in this project. The extent to which
the proposed irrigation works will affect the water rights and present
water supply of the Uintah Indian irrigation project is of utmost impor­
tance to the Indians and to the Bureau.

Jicarilla Reservation - New Mexico (Existing and Potential)

On the Jicarilla Reservation 800 acres are now being irrigated and
plans contemplate increasing this area to 5,000 acres. The 'Water supply
is secured from La Jara and Dulce creeks. The present average annual
diversion is 4000 acre-feet and the average annual diversion requirement
for the ultimate area is 25,000 acre-feet. The estimated cost of provid­
ing irrigation facilities for the additional area is $250,000.

Southern Ute and Ute MoUntain Reservations - Colorado (Existin~ and
Potential.)

Within the Upper Colorado River Basin in Colorado are two Indian
projects, the Pine River and the Mancos River. The combined present
irrigable area amounts to 8600 acres and plans contemplate expanding
this area to 20,350 acres. The present average annual diversion is
43,000 acre-feet and the average annual diversion requirement fOT the
ultimate area is estimated at 72,750 acre-feet. The two projects are
described as follows:
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Southern Ute - Pine River - On the Southern Ute Reservation S40n
acres are now supplied with irrigation facilities of which 2400 acres
are in non-Indian ownership, and plans contemplate expanding the area
to 19,550 acres of which 3700 will be non-Indian. The water supply is
secured from Pine River and tributary creeks. The present average
annual diversion is 42,000 acre-feet and the average annual diversion
requirement for the ultimate irrigable area is estimated at 70,250 acre­
feet. The tentative estimated cost to provide irrigation facilities for
the additional area is $S60,000.

Ute Mountain - Mancos River - On the Ute Mountain Reservation there
are 200 acres being irrigated and plans contemplate expanding the area
to 500 acres. The water supply is secured from Mancos Cre~k. The
present average annual diversion is 1000 acre-feet and the average
annual diversion requirement for the ultimate irrigable area is esti""!.
mated at 2500 acre-feet.

Soil and Moisture Conservation

The approximately 10,700,000 acres of Indian land in the Upper
Basin of the Colorado contribute the highest amount of sediment of any
other equal area in the Basin. They constitute about 1/7 of the area
but contribute between 1/5 and 1/4 of the sediment. Two-thirds of the
Indian lands are severely or critically eroded. Erosion and sediment
removal are due to a combination of climate, geology, soil, topography,
vegetative cover and land use, Indian lands have been seriously depleted
by wind and water erosion caused by improper use by men and livestock
together with drought, fires and torrential rains.

The Indian Bureau has successfully demonstrated that this damage
can be economically checked and lands restored by water diversion, water­
spreading, revegetation, streambank protection and other related soil and
moisture conservation practices. Control of erosion and restoration of
Indian land resources are an integral part of the Bureau programs and
policies of resource mnagement. Indian resources in the Basin are
seriously inadequate for the present population. Land losses from ero­
sion must be checked more rapidly than means to date have made possible
or the Indians I extremely low standard of living will be further reduced
and accelerated erosion will add progressively increasing amounts of
sediment to the already excessive loads into the streams, reservoirs and
other downstream developments.

There are about 3,500,000 acres of forest and woodland on Indian
reservations in the Upper Basin of the Colorado with an estimated stand
in excess of 6 billion feet of timber. It has been estimated that within
this area on about 500,000 acres of this land there are 2 billion board
feet of commercial saw timber. The area and volume of timber are based

S
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on ocular estimates and not on actual forest surveys~ These forest
resources are important to the Indians for fuel, posts, poles and other
forest products and as a source of income from sales of timber. It is
the established policy of the Bureau of Indian Affairs to manage the
forest resources in accordance with the principles of sustained yield.
In the circumstances, a comprehensive survey of these resources should
be made to obtain essential data for dependable management plans. Such
a survey is now being made of the forest resources on the Navajo reser­
vation where a tribal sawmill enterprise is being conducted. Conserva­
tive development of the timber on the Jicarilla and Consolidated Ute
Reservations has been primarily through sales of timber to non-Indians.

The Indian forest and woodlands in this region have been protected
from fire to the extent that limited funds have been available for that
purpose. The fire hazard in some parts of this area will probably increase
because of the accumulation of forest litter and the dense growth of forest
reproduction and other vegetation. This increase in fire hazard presents
a serious proble:n which can be met only with increased funds for adequate
organizations for fire prevention arn control.

Considerable quantities of oil, gas, copper, uranium and other
minerals are believed to exist on a number of Indian reservations in the
region, particularly in the Navajo-Hopi area where there have been pro­
ductive oil and gas leases for many years. An obstacle to further
exploitation of these resources is the lack of adequate sur~eys and
studies. On the Hopi Reservation explorations by the major oil companies
indicate the possibilities of highly productive oil deposits, and efforts
have been made by them to obtain leases from the tribe. So far, however,
these efforts have been unsuccessful because there is no central bodY
among the Hopis authorized to act for the entire tribe. It should be
stated with respect to the Hopi Reservation that most if not all of its
area as usually designated is located just south of the dividing line
between the Upper and Lower Colorado River Basins and accordingly cannot
be considered an Upper Basin reservation.

Bureau Programs

The future programs of the Bureau of Indian Affairs in the Upper
Colorado River Basin as elsewhere are designed to achieve the economic
and social rehabilitation of the Indians through the provision of
lIadequate education, health, and other public service facilities, the
development of physical and other subsist~nce resources on the reserva­
tion, and assistance in obtaining stable employment or occupation off
the reservation. II

Long-range programs are contemplated for all reservations, and are
.,ow being prepared by Indian Bureau official s and Indian groups. The

9
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basic objectives of these programs as stated by the Commissioner of Indian
Affairs are: "The establishment of various tribes or groups of Indians on
an economic level comparable to other citizens of the area; their integra-
tion into the social, economic, and political life of the Nation; and the
termination at the appropriate future time, of Federal supervision and
control special to Indians. II

The Navajo program deals with the rehabilitation of a large and com­
paratively primitive Indian group, living on an unallotted reservation to
which they have strong cultural ties, but which is totally ina.dequate to
meet their minimum needs. The program includes vigorous measures to
develop and protect the land through soil and water conS€rva.1ion, irriga­
tion projects, and range improvement. Additional emphasis is placed on
the exploitation of minerals, and expansion of the present timber opera­
tions.

The funds available to the Bureau of Indian Affairs through annual
appropriations have been insufficient to implement long-range plans such
as the Navajo. Special authorization was requested for this purpose in
a bill liTo promote the rehabilitation of the Navajo and Hopi Tribes of
Indians and the better utilization of the resources of the Navajo and
Hopi Indian Reservations, and for other purposes." This bill was passed
by both the Senate and the House in the 81st Congress but was vetoed by
the President. An amended version was passed in the second session of
the 81st Congress in April 1950.

The future work of the Bureau is of course dependent on the avail­
ability of funds, and the acceptance by the Congress of the principle
that it is sound economy to spend the money necessary to rehabilitate
Indian groups to the point that they can become independent of special
Federal services. Within the Upper Colorado River Basin region, the
development of Indian resources is closely related to the overall plann­
ing of the-area. It must be coordinated with the work of other Bureaus
of the Department of the Interior, and all other branches of the Govern­
ment in this field.

10
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A PRELIMINARY REPORT
ON THE COLORADO RIVER STORAGE PROJECT

AND PARTICIPATING PROJECTS
Utah, Wyoming, Colorado, New 1Jiexico, and Arizona

1. Pursuant to Public Law 732, 79th Congress, 2nd Session, and a Memo­
randum of Agreement between the Fish and Wildlife Service, Region 2, and
the Bureau of Reclamation, Region 4, dated December 5, 1949, there is
furnished below a preliminary report which outlines the effect that the
Colorado River Storage Project and its participating projects would have
on f ish and wiIdlife reso urces • It reflects the opinions of the Fish and
Wildlife Service and the fish and game conservation agencies of the States
of {Jtah, Colorado, Wyoming, Arizona, and New Mexico. It is planned that
detailed fish and wildlife investigations and reports on individual features
of the project will be prepared as promptly as possible. The objective of
such investigations is to prevent damage to fish and wildlife resources
which would otherwise occur as a result of the project.

2. Biological investigations, prerequisite to preparation of a preliminary
evaluation report on the effect of the proposed developments on fish and
wildlife resources, were begun in 1949, but due tot he immensity of the
individual projects, the complexity of the habitat, the shortage of time
and personnel available, complicated by the inaccessibility of the areas,
the information obtained was necessarily meager.

30 This preliminary report reviews available data covering the proposed
Colorado River Storage Project and the participating projects', and describes
some of the ways that f ish and wildlif e resources would be affected by the
projects. It points to the developments tha t would be most detriIOOntal,
and suggests some modifications that would mitigate damages to the fish
and wildlife resources.

4. The Colorado River Storage Project would be a'multi-purpose project.
Some of the principal objectives are briefly described below, but not
necessarily in their order of importance 0 One obj ective would be the
storage and regulation of Colorado River flows sufficient to meet aggre­
gate downstream requirements and permit upstream utilization with a
reasonable assurance of adequacy during years of low stream flow.

5, Another objective would be to generate electrical power by utilizing
the flows released to meet downstream commitments. Sale of this power should
according to present plans, provide sufficient funds to repay construction
costs and provide an interest component which could be used for a third
objective, that of assisting irrigation developments in the basin which
could not otherwise meet their repayment costs in the allotted period.
These would be "Participating Projects". .
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6. The fourth objective would be to provide water for irrigation. Some
water would be delivered to presently irrigated lands in trade for es­
tablished water-rights so that diversions could be made at higher eleva­
tions for use in other basins, especially in connection with the Central
Utah Project development where trans-mountain diversion would be made
to the Bonneville Basin and possibly in the Gunnison-Arkansas Project
area where diversion would be made to the Arkansas Basin.

7. The fifth and sixth objectives would be to retain silt and to level
out flash flood peaks.

8. These objectives would be accomplished by the eventual construction
of the ten Colorado River Storage Project reservoirs and by other coordin­
ated developments throughout the basin which would include construction
of 15 or more participating projects. The proposed Colorado River Storage
Project reservoirs and their purposes are shown in Table 1.

TABLE I

Units of Colorado River Storage Project

Unit and
Reservoir

INITIAL
Echo Park
Flaming Gorge
Glen Canyon
Navajo
Whitewater

I Name of
i River

I
Green
Green
Colorado
San Juan
Gunnison

Name of
Dam

Echo Park
Ashley
Glen Canyon
Navajo
Whitewater

Principal Purposes
tn be·Served_

H, P, S
I, H, P, S
H, P, S
I, H, P, S
I, H, P, S

ULTIMATE
Cro ss Mountain
Crystal
Curecant i
Gray Canyon
Split Mountain

Yampa
Gunnison
Gunnison
Green
Green

Cross Mountain
Crystal
Blue Mesa
Gray Canyon
Split Mountain

H, P
P
I, li, P
H, P, S
P

Symbols used: . I - Irrigation
H - Holdover storage for new irrigation
P - Power
S - Sediment retent ion

2
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9. Initially, the participating projects would include: The Central
Utah Project (Initial Phase) extending from. Uinta Basin to the Bonneville
Basin, Emery County Project in the San Rafael Basin, Seedskadee Project
on Green River, La Barge Project on Green River, Eden Project on Big
Sandy Creek, Lyman Project on Blacks Fork, all affecting the Green River
drainage; Florida Project on Florida River, Pine River Project Extension
on Pine River, the Hammond and Shiprock Indian projects on the San Juan
River, all within the San Juan River drainage; Smith Fork Project on
Smith Fork and Iron Creek, Paonia Project on l\Ji.uddy Creek, all in the
Gunnison River drainage; and the Silt Project in the Upper Colorado River
drainage. Ultimately other projects will be undertaken as participating
projects, all utilizing upper Colorado River waters.

10. The Colorado River Storage Project and participating projects would
be concerned with the possible utilization of available stream flows
throughout the entire 110,000 square miles upper Colorado River Basin.
Stream flows available for upstream utilization would consist of the
apportioned 7.5 million acre-feet annually of Colorado River water above
Lee Ferry, Arizona, a point on the Colorado River just below the Utah
line. By mutual compact the States of Wyoming, Utah, Colorado, New
Mexico, and Arizona have established apportioned shares of this allotment
for development and utilization in their respective states.

11. Pertinent engineering data relating to the Colorado River Storage
Project are listed in Table 2.

12. The construction of dams and reservoirs as proposed in the Colorado
River Storage Project and participating projects would, in general, destroy
all present big game, upland game, fur animal, and waterfowl habitat in
the reservoir areas. The ten Colorado River Storage Project reservoirs
would, when filled to maximum capacity, inundate 700 miles of stream
fisher ies located within the 343,610 acres of reservoir area.

13. The fluctuating reservoirs would provide only poor type resting
areas for ducks, unattractive sr.orelines for fur animals, and would expand
the production of already abundant rough fish at the expense of all the
above-mentioned more desirable forms of wildlif e.

1.4. Where flows of streams are periodically reduced by reservoir storage,
or are otherwise diverted from the channel for irrigation or power produc­
tion purposes, there would be an additional loss to the fishery and fur
animals, and to a lesser extent waterfowl and upland game, unless sufficient
and properly regulated flows are maintained.

150 Where sediment loads are reduced by deposition in the reservoirs and
continuous favorable releases of cool water are achieved below the dams,
highly desirable sport fishing may be increased. NeWly irrigated areas

3
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TABLE 2
COLORADO RIVER STORAGE PROJECT

(From data supplied by Region 4, Bureau of Reclamation, November 1950)

ELEVATIONS m s 1 CAPACITY AREA STREAM FLOWS
Height River Water Water Water Water Approximate Average Average Acres at Acres at Bureau

of Main Streams Drainage Bed SurfacE Surface Surface Surface Av. Annual Maximum Annual Annual Dead Maximum Average Average Dead Average Proposed
Dam I(unda~d are,. (sq. at at Max. Av. Ann. Av. Ann. at Dead F1~et~~i~~s Reservoir Maximum ~ini~ 7tora~) Surface Annual Annual Storage Recorded Flow Minimum

Pro'ieet Unit River I (feet) miles above dam mil Damsite StorallE Maximum Minimum Storaae feet 1 Acre-feet (ac-ftl ac-ft ae-ft Acres Maximum Minimum Acres c.f s. & a-f c.f.s.

Cross Mountain Yampa 295 Yampa 76 At Maybell 3410 5,800 6,090 6,067.6 6,053.7 5,963 13.9 5,200,000 4,116,300 3,528,200 1,000,000 52,200 44,100 39,700 17,500 At Maybell, Colo. 705
1,617

(1,180) 31

Cl7'stal Gunnison 305 Gunnison 10 Below Gunnison 6,570 6,870 6,870 2/ 6,870 21 6,870 --- - 40,000 40,000 40,000 40,000 560 560 560 560 At lola, Colorado 805
Tunnel 3980 21 21 21 :;./ 21 21 841

(1,323) 31

Curecanti Gunnison 475 Gunnison 30 At lola, 7,165 7,635 7,582.6 7,544.4 7,457 38.2 2,500,000 1,700,900 1,283,600 490,000 18,200 13,640 10,990 5,400 At lola, Colorado 670
Colo. 2490 841

(1,,142) sl
Echo Park Green 525 Green 63 25,760 5,050 5,570 5,530.8 5,521.2 5,362 9.6 6,460,000 4,772,800 4,445,200 1,000,000 42,800 36,250 35,000 9,800 4,100 IzI, 2,160

Yampa 46 Izi (3,288) sl
Flaming Gorge Green 440 Green 91 At Linwood, 5,605 6,040 6,015.7 6,006.9 5,935 8.8 3,940,000 2,899,800 2,638,400 990,000 40,800 35,400 33,200 17,200 1,817 1,020

Utah 14,300 (1,636)31

Glen Canyon Colorado 580 Colorado 186 At Lees Ferl7' 3,135 3,710 3,667.5 3,647.2 3,490 20.3 27,800,000 20,134,500 17,640,500 6,000,000 153,000 133,900 122,000 49,000 At Lees Ferl7' 12,200
San Juan 71 107,900 17,350

(13,763) sl
Gray Canyon Green 445 Green 53 At Green River, 4,150 4,590 4,590 4,590 4,420 --- 2,000,000 2,000,000 2,000,000 610,000 10,750 10,750 10,750 5,900 At Green River ,Ut. 2,660

Utah 40,600 6,740
(4,567) 3/

!lavajo San Juan 335 San Juan 33 At Farmington, 5,725 6,050 6,037.3 5,988.2 5,875 49.1 1,200,000 1,079,000 699,300 150,000 10,800 10,000 7,230 2,350 At Farmington,N.M. 690
New Mex. 7,240 2,498

(1,260) 31

Split Mountain Green 245 Green 21 25,760 4,810 5,050 5,050 5,050 5,050 --- 335,000 335,000 335,000 335,000 4,250 4,250 4,250 4,250 4,100 2,130
21 21 21 21 21 21 (3,228) sl

Whitewater Gunnison 255 Gunnison 35 7,780 4,635 4,880 4,880 4,842.7 4,760 37.3 880,000 880,000 565,000 410,000 10,250 10,250 7,220 6,250 At Grand Jet,Co10. 1,420
2,761

(2,055) sl

11 Maximum average annual water elevations less minimum average annual water elevations.
sl Modified average annual 1914-45 historical flow in 1,000 acre-foot units at damsites.

111 Only daily or hourly fluctuations. Entire capacity is considered inactive by the Bureau of Reclamation.
~ Computed as for a point below Split Mountain damsite.
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may favor production of pheasants, which would supplant the native
upland-game populations, sometimes to the detriment of other species
such as wild turkeys, sage hens, and deer.

16. The damage that would result to fish and wildlife by construction
of the different projects throughout the Upper Colorado River Basin
would vary markedly between those reservoirs in the mountains and those
such as Glen Canyon Reservoir in the arid gorge of the Colorado. In the
mountains, where much of the annual precipitation occurs as snow and
there are frequent summer rains, vegetation is plentiful, soil fertile,
streams generally clear and cold, and f ish and wildlif e abundant. Along
the Green River in central utah, and along the San Juan and Colorado rivers
in southern utah, rainfall dur ing the growing season is insufficient to
support cultivated crops, soils are dry or saline, palatable vegetative
cover is sparse, and the rivers are heavily silt laden. Between these
extremes are myriad combinations of slope, climate, and soil. Some
combinations favor one type of game, some another, until in the relatively
inaccessible canyon of the Colorado River only those animals which live
in its muddy waters, or are able to subsist on the sparse vegetation
among the cliffs, can maintain themselves. '

17. Utilization of fish' and wildlife resources produced within the upper
basin varies principally with the accessibility of the area, attractive­
ness of the game, and distance from major centers of population. Split
Mountain and Echo Park Reservoirs Would lie pa.rtially within a National
Monument where hunting is prohibited. All of the other project areas,
except possibly Gray Canyon, are accessible to hunters, but access is not
adequate to permit full utilization of the fish and wildlife populations.
It is expected that as roads are improved hunting and fishing pressure
would increase With, however, much of the use continuing to come from
persons living outside of the upper basin. In many instances the abundance
of game animals has been the motivating factor in the opening of new
roads. Some of the proposed re servoir sit es are remot e from centers of
population, or may be so situated that they would compete with each other
for use.

18. There are within the upper basin fewer than 25 conmunities haVing
over 1,000 population. Only five comnunities have more than 5,00° of
Which Grand Junction, Colorado, (12,479) and Rock Springs, Wyoming,
(9,827) are the largest. Total population within the 110,000 square mile
basin is 286,450 with an average of 2.6 persons per square mile.

19. Highway distances from major cities outside the basin to the initial
project reservoirs are shown in Table 3.

4
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TABLE 3

Distances t) Reservoir Areas
Population Echo Flaming Cure- Glen

State and Citv (191+0 Census) Park 1/ Gor~e canti Canvon Navajo

Colorado
Denver 322,412 349 423 206 549 445
Pueblo 52,162 463 537 161 496 331
Colorado Springs 36,789 419 493 173 540 375

Utah
Salt Lake City 149,934 182 256 438 405 459
Ogden 43,688 233 307 475 445 496
Provo 18,071 160 234 395 362 416

Arizona
Phoenix 65,414 833 888 646 330 535

New Mexico
Albuquerque 35,449 613 694 398 434 194

California
Los Angeles 1,504,277 881 936 1,024 602 913

V Also Split Mt. and Cross Mt. Reservoirs

20. The proposed developments are so interrelated that monetary evaluation
of the damages or benefits to fish and Wildlife resources caused by anyone
of the project units would require careful analysis to determine its re­
lationship to all the other projects.

21. In view of the magnitude of the changes that would occur to fish and
wildlife habitat due to project construction, it is believed that separate
evaluation reports should be prepared on each project as sufficient en­
gineering data becomes available to make proper biolo~cal surveys and
analyses. The Fish and Wildlife Service and the state fish and game
departments would thus have an opportunity to make biclogical investigations
and recommendations based on preliminary plans of the constructing agency.
They would then be in a better position to fulfill the requirement s of
Public Law 732 for participation in the planI)ing of the project in order
to prevent loss of and damage to wildlife resources.

INDIVIDUAL UNITS AND THEIR ANTICIPATED
EFFECT ON FISH AND WILDLIFE RESOURCES

INITIAL PHASE

22. The five reservoirs of the Colorado River Storage Project which aroe
being considered for initial construction are Glen Canyon, Echo Park"
Flaming Gorge, Navajo, and Whitewater.

5
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Glen Canyon Unit:

23.. The Glen Canyon Reservoir would be impounded by- a dam, 580 feet in
height, located in the narrow precipit6uscanyon of the Colorado River,
fifteen miles above the Paria River and Lees Ferry in Arizona •.

24.. The reservoir would inundate 153,000 acres of poor quality wildlife
habitat along the narr ow gorge of the Colorado and San Juan Rivers where
only meager vegetation persists. The reservoir would extend 186 miles up
the Colorado River and 71 miles up the San Juan River and form a lake with
but few points of access. The presence of the reservoir in Glen Canyon
would make the entire area accessible by boats launched from immediately
above the damsite or from either side of the reservoir where the present
Blanding to Hanksville road enters the reservoir area. At present the
Colorado River in the reservoir area is accessible by automobile at but
one place, Hite, Utah, and then only.over a partially improved road not
passable during rainy weather. Other access is by one-way boat trip down
the Colorado Rigel' from Moab to Lee Ferry, down the San Juan River from
Mexican Hat to Lee Ferry, or by pack trails through extremely rough terrain.

25. Fishery values in the Colorado and San Juan Rivers without-the-pro ject
based on present harvests would be insignificant. The reservoir would
provide recreational potentialities, but because of its inaccessibility
and the fact that there are other fishing areas nearer the important
centers of population, it is expected that the reservoir fishing would
not be fully utilized. Fishery value of the reservoir and the river below
the dam would depend somewhat on the public recreation facilities provided
and improved access.

26. The Colorado River below Glen Canyon Dam would become an improved
fishery due to the proposed minimum release of at least 10,000 cubic feet
per second of clear, cool water. Access to the river, however, would be
limited to about a 25-mile section of the river near Lee Ferry.

27. Wildlife habitat in the reservoir area would be destroyed, but the
reservoir would open the canyon area to travel so that some of the now
isolat~d game populations above the reservoir could be better managed.

Echo Park and Flaming Gorge Units; considerin% Split Mountain and Cross
Mountain Units:

28. Echo Park, Ashley (Flaming Gorge Reservoir ~, Cross Mountain, and Split
Mountain Dams would impound a series of closely integrated reservoirs on
the Green and Yampa Rivers near the point where Utah and Colorado meet
along the Wyoming boundary. Only Echo Park and Flaming Gorge Reservoirs·
are being proposed for initial construction, but because the four reservoirs
are so closely interrelated they are described together.

6
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29. U. S. Highway 40 passes to the south of the Uinta Mountains about
25 miles from the t bree most southern re servoirs. U. S. Highway 30 crosses
southern Wyoming north of the Uinta Mountains about three miles from the
nearest point on the Flaming Gorge Reservoir. Access roads to the reservoir
areas follow the rivers for only very short distances. These roads are
open seasonally, generally graded but only occasionally graveled. The canyon
areas are accessible only by boat down the rivers and from pack trails.

30. The four dams would form almost contiguous reservoirs on the Green
and Yampa Rivers from Split Mountain above Jensen, Utah, to below Green
River, Wyoming, on the Green River and below Craig, Colorado, on the Yampa
River. The reservoirs would lie in the canyons and parks along the Green
and Yampa Rivers where the rivers have cut through the Uinta lIiiountains of
northeastern Utah, northwestern Colorado, and southern Wyoming.

31. Flaming Gorge Reservoir, the farthest upstream of the reservoirs in
this group, would be impounded by the Ashley dam in the Red Canyon of
Utah, but most of the 40,800-acre reservoir area would lie in Wyoming,
where it would receive the turbid waters of the Green River.

32. The area to be irrigated from the Flaming Gorge or Echo Park Reservoirs
would be on the south side of the Uinta Mountains where flows would be de­
livered from Flaming Gorge Reservoir through a tunnel or by pumping from
Echo Park Reservoir. There would be some new irrigation areas' developed
in the Uinta Basin L~ connection with this reservoir development, but its
principal purP,)~1E would be to trade assured flows to Uinta Basin areas for
water originatir..g in the mountains. The mountain flows could then be
diverted by aqueduct to the Bonneville Basin for production of power and
irrigation as part of the Central Utah Project.

33. Cross Mountain Dam, 295 feet in height, woUld be located in Cross
Mountain Canyon; but the resultant 52,200-acre reservoir would inundate
an open valley east of the mountains and 76 miles of the Yampa River.

34. Echo Par~ Dam, 525 feet in height, on t he Green River would form a
42,800-acre reservoir 63 miles up the Green River through Lodore Canyon
and Brown's Park to just below the Flaming Gorge damsite and for 44 miles
up the Yampa to just below the Cross Mountain damsite.

35. Split Mou.ntain Dam, 245 feet in height, would impound releases from
Echo Park Reservoir in a 2h·mile section of the Green River immediately
below the Echo Park damsite. It would have only 4,230 surface acres at
maximum water level with little seasonal fluctuation but considerable
daily fluctuation.

36. Releases below Flaming Gorge and Cross Mountain Reservoirs would enter
Echo Park Reservoir and flows released below Echo Park Dam would flow
directly into the proposed Split Mountain Reservoir. Below Split Mountain

7
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Reservoir the Green River emerges from the mountains and flows in a south­
westerly direction across the Uinta Basin to Ouray where it is joined by
the 1Nhite a.nd Duchesne Rivers. This section of the Green River, from
Split Mountain to Ouray, my have a decidedly impI'oved fishery if constant
releases from the reservoirs are provided.

-37. There is some sport fishing on the Green and Yampa Rivers but the area
is generally rough and inaccessible, the stream habitat is poor and, at
pr esent, the type of fish taken is not highly regarded f or sport fishing.
The reservoirs would probably produce more rough fish than could be taken
for sport, so that the principal harvest would be by corrmercial fishing.

38. The proposed reservoirs would inundate small farming areas which have
been established in the parks along the Green and Yampa Rivers. On the
steeper slopes above the farms, but within the reservoir areas, are ranges
utilized by big game as well as livestock. Impounding of the reservoirs
would seriously reduce the deer wintering areas, especially in Brown's
Park, and it is doubtful if the remaining range could maintain the present
deer herds.

39. Upland game, fur animals, and waterfowl would also be adversely affected
by the project. The nesting sites of from 300 to 500 pairs of geese and of
numerous ducks would be eliminated by the inundation of the "bottoms. II

40. The possibility of establishing a migratory bird refuge on, or adjacent
to the Echo Park Reservoir, provisions for the protection of big game by
acquisition of lands about the reservoir, the enhancement of the fishing
by main taining suitable releases to the streams, and providing access to
the fisheries so improved are being considered •

. Whitewater Unit:

41. Whitewater Dam would be located on the Gunnison River approximately
nine and one-half miles southeast of Grand Junction, Colorado. It would
rise 255 feet above the stream bed to create the 10,250-aere Whitewater
Reservoir that would extend 35 miles upstream to a point about four miles
west of Delta.

42. This reservoiI' would not provide an out standing sport fishery. A
short stream section below the reservoir should be greatly improved by the
proposed water releases. The reservoir would inundate about 10,000 acres
of big-game, upland-game, and fur-animal habitat. Waterfowl would be
benefited by the presence of the reservoir which would serve as a resting
area during spring and fall migrations.
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44. The Bureau of Reclamation is also considering utilizing water from
this reservoir for the irrigation of lands under the Shiprock, South San
Juan, and possibly the Hammond Projects. Water would be carried by a
common canal from the Navajo Reservoir to the project lands where smaller
canals would divert the water to each of the units.

45. Construction of a dam and reservoir at the Navajo sit e should be con­
sidered in connection with the potential San Juan-Chama diversion to the
Rio Grande Basin which could be very damaging to the Upper San Juan River
fishery.

46. There is some fishing along the stream segments that would be affected
by the reservoir. The meager fishery below the dam would not be maintained
as the stream would be shut off periodically for storage; however, the
reservoir might provide a better fishery than that destroyed by inundation.
The effect on the fishery caused by diverted flows through the San Juan­
Chama diversion would depend on the quantity and quality of residual flows
in the San Juan Basin and by the type of habitat provided or destroyed in
the Rio Grande Basin.

47. Plans are being made to carry out the necessary biological investiga­
tions to determine the most desirable operations for maintenance of this
fishery. Minimum flows below dams and diversions are recommended
especially below the Navajo Reservoir to protect the fishery in the San
Juan River.

48. The reservoir area provides winter cover for deer, and wild turkey,
and year-round habitat for small game animals. This wildlife habitat
would be destroyed. However, there would be an increase of upland game in
the areas which would be irrigated.

ULTIMATE PHASE

49. The ultimate development of the Colorado River Storage Project would
consist of ten major reservoirs. Five of these reservoirs would be con­
structed in the initial phase as already described, and five ,others; namely,
Cross Mountain, Crystal, Gray Canyon, Curecanti, and Split Mountain, woul d
be constructed in the ultimate phase of the pro ject. There may be two other
reservoirs, not presently considered, which would have as their principal
purposes the production of power and the retention of silt. These would be
Dewey Reservoir on the Colorado River and Bluff Reservoir on the San Juan
River.

9
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Cross Mountain and Split Mountain:

50. Cross Mountain and Split Mountain Reservoirs were previously described
with the Echo Park and Flaming Gorge Reservoirs because of their close
relationship.

Crystal Rese~:

51. Crystal Reservoir (560 surface acres) on the Gunnison Riv,er would
serve mainly for power production, utilizing the flows released from Cure­
canti Reservoir. The reservoir would inundate ten miles of stream in the
walled Black Canyon of the Gunnison River. Fishery values of the Gunnison
River without-the-project are high, but values anticipated for the reservoir
are low. The stream fishery below the reservoir as far as the Whitewater
Reservoir should be good if the power releases are sufficiently constant.

Gray Canyon:

52. The 10,750-acre Gray Canyon Reservoir would be located in the extremely
rough and inaccessible canyon of the Green River in Central Utah. It would
be 440 feet deep at maximum water level and would extend 53 miles back into
the canyon. The damsit e would be located approximately 22 miles upstream
from the town of Green River, Utah, and would flood canyon areas, none of
Which are of agricultural value with the exception of the lIts.cPherson Ranch,
comprising a small area near the mouth of Florence Creek.

53. Wildlife values in the area are low and the fishery within the reservoir
area is almost non-existent. The reservoir should produce a meager fishery
but its utilization for sport fishing would be low. Constant minimum flows
below the dam Should, however, improve the stream and provide several miles
of fair trout stream.

Cur ecant i Unit:

54. The l8,2CO-acre Curecanti Reservoir would be impounded by the Blue
Mesa Dam, 475 feet in height, located on the Gunnison River near Sapinero,
Colorado.

55. The reservoir, inundating 30 miles of the Gunnison River, would be
extremely damaging to both the fish and wildlife in the area. The reservoir
would inundate sections of a stream and its tributaries which have been
utilized extensively for recreational purposes. The present fishing use of
the Gunnison River is high and is expected to become even higher in the
future. Because of its scenic location, accessibility, abundance of recre­
ational facilities, and consistent productiveness, this stream section is of
exceptional value as a fishing stream.

10
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56. Construction of the dam at Blue Mesa would destroy the valuable
established fishery and in exchange would leave a fluctuating reservoir,
much less attractive and unlikely to maintain a good trout fishery.

57. Flows of the Gunnison River below the proposed reservoir may have
a more dependable late season flow than at present.. The reservoir on the
Gunnison may make possible water diversions from its head waters to the
Arkansas Basin on the eastern slope of Colorado.

.
58. The Gunnison River Valley within the Curecanti Reservoir site is
important as big-game and upland-game habitat. The reservoir would
inundate critically needed winter range for deer. This range is already
over-utilized' and further reduction in the amount of range available due
to inundation would have an extremely harmful effect on the deer herd
which is of great recreational value to the state. In view of the
extremely harmful effects that construction will have on wildlife resources
and lack of feasible means for mitigating these anticipated losses, this
Service recommends that the investigation of alternate sites be continued,
in cooperation with the State Game and Fish Commission and the Fish and
Wildlife Service in order that wildlife losses may be kept to a minimum.

59. There w:>uld be some beneficial utilization of the reservoir by water­
foWl and fur animals but the over-all annual loss to wildlife would be great,

PARTICIPATING PROJECTS

60. The separate projects which are presently proposed for initial parti­
cipation in the Colorado River Storage Project plan are described briefly
in the follOWing paragraphs. The Fish and Wildlife Servic e, together with
the appropriate state game and fish agencies, will prepare separate reports
on each of these projects. One of the detailed reports (Paonia) has been
completed, preliminary reports have been prepared on nine, and field w:>rk
has been initiated on several others.

Eden Project, Wyoming:

61. The Eden Project, consisting of a 40,000 acre-foot reservoir on
Big Sandy Creek and an irrigation system, 35 miles north of Rock .Springs,
Wyoming, ~ll provide water for 11,000 acres of new land to be irrigated
and a supplemental supply for 9,000 acres of land now under irrigation.

62. The project was approved for construction by President Roosevelt in
September 1940, but construction was stopped by order of the War Produ.ction
Board in December 1942. Completion was re-authorized by the Act of June 28,
1949.

11
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63. Fishery values are low in the project area as the stream sections
affe.cted are often dewatered. Big Sandy Reservoir is not expected to
provide an important fishery. The Eden Project will eliminate valuable
antelope and sage hen habitat; however, the new land to be brought under
irrigation may provide habitat for pheasants.

Paonia Project. Colorado:

64. The Paonia Project, consisting of the 18,000 acre-foot Spring Creek
Reservoir and appurtenant irrigation system, is designed to provide water
for the irrigation of 2,210 acres of new lands, and supplemental water for
14 ,830 acres of land already under irrigation adjacent to the North Fork
on the Gunnison River in Delta and Gunnison Counties, Colorado.

65. The proposed reservoir w::>uld not provide a valuable fishery; however,
the stream fishery would be benefited under project conditions due to
improved stream flows below the dam. Gains to upland game would occur
principally as the result of the irrigation of new lands. There would
also be small gains to both waterfowl and fur animals. The Paonia Project
as proposed would result in minor benefits for both fish and wildlife
resources.

66.,. In order to further improve habitat and utilization, it is recomnended
that waste areas and gullies in the irrigation area be planted and maintained
for the propagation of wildlife, and that turnouts or parking areas be pro­
vi ded about the re servoir •

Central Utah Project:

67. The initial phase of the proposed Central Utah Project involves drain­
age areas of over 7,000 square miles. It would provide water for the irri­
gation of approximately 28,540 acres of new land and supplemental water for
131,840 acres of irrigated land in the Colorado and Bonneville Basins. In
addition, 48,800 acre-feet of water would be available for municipal,
industrial, and related uses. Construction of four power plants would
generate approXimately 373 million kilowatt-hours of energy annually.
Part of the power would be required for irrigation and drainage pumping.

68.' The 37-mile StraWberry Aqueduct would intercept the flows of Rock
Creek, Hades Creek, Wolf Creek, West Fork of the Duchesne River, Currant
Creek, Layout Creek, and Water Hollow and convey them to the Strawberry
Reservoir. Reservoirs to regulate inflow into the aqueduct would be
constructed on Rock Creek, v~est Fork of the Duchesne River, and Currant
Creek. Strawberry Reservoir would be enlarged by the. construction of
Soldier Creek Dam. An enlarged outlet-tunnel would permit releases of
Strawberry Reservoir water for four power plants on the western slope of
the Wasatch Mountains. Monks Hollow ,Reservoir, Utah Lake, and an en­
larged Mona Reservoir in combination with the Wasatch Aqueduct, the Mona-­
Nephi, and the enlarged Elberta Canals would then distribute th~ water to
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the irrigation areas of the Bonneville Basin. Exchange use of Provo
River water as planned would require construction of three additional
dams and related works, and. include the diking and drainage of Provo
Bay in utah Lake.

69. Project works to provide water for replacement, expanded irrigation,
and municipal use in the Uinta Basin would include dams on t he North Fork
of the Duchesne River, Strawberry River, and Brush Creek, with feeder
canals into offstream reservoirs at the Upalco and Stanaker sites from
Lake Fork River and Ashley Creek.

70. As a result of project construction, excellent trout streams in the
Uinta and Wasatch Mountains would be destroyed or severely damaged with
only partial compensation to the sport fishery expected from the proposed
reservoirs. Commercial fishing in Provo Bay would be cut off. A Federal
refuge would be completely inundated and excellent waterfowl, upland-game,
and fur-animal habitat destroyed. Critically needed big-game range would
be further reduced.

71. The project would increase the abundance of rough fish and consequently
improve the commercial fisheries. It would extend the habitat suitable for
pheasants and some other upland-game species.

72. The Fish and Wildlife Service in cooperation with the Utah Fish and
Game Commission have been making investigations to determine satisfactory
means to replace the lost fish and game habitat "in kind" and to mitigate
unavoidable losses. The difficulty of obtaining water to assure a stream
fishery is emphasized, however, by the keen competition between municipal,
industrial, and agricultural interests for the water to maintain themselves
in this arid region. If the fisheries are to be maintained for posterity,
expensive developments will be necessary to effectively manipulate the flows
to maintain sui table fish habitat.

Emerx County Project, Utah:

73. The Emery County Project, in the Colorado River Basin would impound
the flows of Cottonwood Creek, in Lower Joes Valley Reservoir, for release
to 3,630 acres of new land. The reservoir would prOVide a supplemental
late season water supply to 20,450 acres of land now irrigated in the
Huntington, Castle Dale, and Orangeville areas. The reservoir would provide
sufficient storage to permit 1,000 acre-feet of water to be diverted to
the Sanpete Project in the Bonneville Basin.

74. The fishery would be benefited by the project as the reservoir would
provide better habitat than exists in Cottonwood Creek or the streams in­
undated. The elk and deer herds would be adversely affected because a
sizeable portion of their critically needed winter range would be destroyed.
The creation of habitat in the irrigation area would benefit upland game,
especially pheasants, and to a lesser extent fur animals and waterfowl.

13



FISH AND WILDLIFE SERVICE

Florida Project. Colorado:

75. The Florida Project consisting of the 472-acre Lemon Reservoir
on the Florida River and an enlarged and rehabilitated distribution
system, would provide supplemental irrigation water for 12,650 acres
and a full supply for 6,300 acres of new lands in the Florida River
Valley and on the Florida Mesa of southwestern Colorado.

76. Construction and operation of the project as proposed by the sponsor
would enhance fish and wildljfe resources. Deer habitat would be de­
creased but upland-game habitat ViOuld be improved. The estimated fur­
animal values would increase slightly and no significant chan:ges would
occur to waterfowl. Constant releases, fish scre~ns, and stream charnel
improvement s are proposed to improve fishing condit ions below the reservoir
site.

Hammond Project, New Mexico:

77. The Hammond Project, on the San Juan River, would consist of a
low diversion dam, an irrigation system, and a pumping unit with a water
lift of approximately 50 feet. The project is designed to provide irri­
gation water for 3,670 acres of irrigable land near Bloomfield, New
Mexico.

78. The waters of the San Juan River in the Hammond Project area provide
only a poor fishery. They are heavily laden with silt and are warm and
generally sluggish;> however, Colorado squawfish, catfish, and a few brown
trout are taken. Wildlife values in the project area are low. Sparse
populations of scaled quail and Gambell s quail and good pheasant habitat
are found near Farmington. Probably the only benefits which would accrue
through project construction would be derived from increased upland-game
habitat.

79. The Hammond Project may be included with the Shiprock and South San
Juan Projects under one plan of development. Water would then be stored
in the proposed Navajo Reservoir and a large canal would carry the water
to the project area where it would be used for the irrigation of between
100,000 and 125,000 acres.

Lyman Proj~, Wyoming:

80. The Lyman Project would consist of a 46o-acre off-stream reservoir
at the Bridger Site on Willow Creek, and an irrigation system. The
reservoir is designed to store the flows of Black I s Fork and the West
Fork·' of th~ Smith Fork River for supplemental irrigation of 40,600 acres
of land near the town of Lyman, Wyoming.
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SL The proposed project would be detrimental to the fish and wi1d1~e
resources of the area. The fishery resulting from construction of Br~dger

Reservoir would not compensate for the reduced fishery in stream segments
affected by the project. Big-game and fur-animal habitat would be
damaged; however, the reservoir would create some waterfowl resting
habitat. Upland game would not be significantly affected.

Pine River Project Extension; Colorado and New Mexico:

82. The Pine River Project Extension is a feature of an ultimate project
which would provide irrigation water for 69,000 acres of land in south­
western Colorado and northwestern New Mexico. At present, 33,200 acres
are being irrigated with water assured by the Vallecito Reservoir. The
proposed extention would consist of the enlargement and extension of
8 major canals and ditchee. and 6 minor laterals to irrigate an additional
15,150 acres of land.

8'.3. The fishery of 42 miles of Pine River below Vallecito Reservoir
would be affected by the project extension. The Fish and Wildlife Service
has recommended water releases which would prevent danage to the fishery.
Without these recommended releases, considerable damage would result.
Rotary fish screens are being recommended for the headings of the four
largest canals.

84. The project extension would cause a loss to big game through removal
of the irrigation area from the present deer winter range. Upland game,
in general, would be benefited by the increase in irrigated land; however,
sage hen habitat would be destroyed. The increase in the length and number
of canals and ditches and the recommended stabilized and increased'flows
of the river would result in an increase in the population of fur animals.
Waterfowl nesting and feeding habitat would be increased somewhat.

Seedskadee Project! Wyoming:

85. The purpose of the proposed Seedskadee Project would be to irrigate
60,720 acres of sagebrush land on both sides of the Green River in Lincoln
and Sweetwater Counties, Wyoming. A diversion dam would turn water from
the Green River into a canal where a system of pumps and siphons would
deliver it to the irrigation areas.

86. The mediocre fishery of the river extending 39 miles below the diver­
sion would be adversely affected by depleted stream flows and occasional
periods of no flow during the irrigation seasons. Fish screens are
planned for the main canal near the headworks.

87. The pro ject would cause a loss to big game through a reduction in
range. There would be a loss in the sage hen population, but other
species of upland game would probably increase. Fur-animal values would
be slight 1y reduced. Some nesting and resting areas for waterfowl would
be created.

15



FISH AND iULDLIFE SERVICE

La Barge Project, Wyoming:

88. The proposed La Barge Project would consist of a wing-type diversion
dam and headworks on the Green River near Big Piney, Wyoming, and a 38­
mile-long canal to provide water for irrigation of 7,970 acres of land
along the west side of the river.

89. The La Barge Project alone would not adversely affect the fishery of
the Green River, but would increase the da.rmge that would be caused by the
proposed Seedskadee Project. Irrigation of the Sagebrush lands would
decrease the range of deer and antelope, causing some loss to these species,
while the presence of the canal and farm fences would partially restrict the
migration of el~ through the area. Establishment of open lanes through the
irrigation area with means of access for the migrating animals would reduce
this restriction. Habitat for upland game wit h the exception of sage hens,
would be ire reased and improved by the project. Fur animals would not be
unfavorably affected by the La Barge Project alone; however, the adverse
effects of the proposed Seedskadee Project would be increased by operation
of the La Barge Project. Resting and nesting habitat for waterfowl would
be slightly increased by the project.

Silt Project, Rifle Creek, Colorado:

90. The Silt Project, consisting of a 300-acre reservoir and a distribu­
tion system, is designed to irrigate 1,900 acres of new land and provide
supplemental water to 5,400 acres already irrigated.

91. Fish and wildlife would be benefited as a result of the project. Big
game would not be affected; however, habitat of upland game, fur animals,
and waterfowl would be increased. The present low quality fishery of the
seven miles of Rifle Creek below the dam would be improved if reservo.ir
releases recommended by the Fish and Wildlife Service are made.

~mith Fork Project, Colorado:

92. The Smit h Fork Project, consisting of a 420-acre reservoir , diversion
canal, and irrigation system, would furnish supplemental water to 8,160
acres and a full supply to 2,270 acres of new land in the Cottonwood Creek
and Smith Fo~k River areas of western Colorado.

93. Little chaC1ge would occur in the fish and wildlife resources of the
area as a resul·c of the IXoject. The fishery of Smith Fork wou.ld not be
materially altered by the project because of present water priorities that
must be maintained. The proposed impoundment Would not provide a valuable
fishery becau.se of the severe fluctuations and poor quality of the water.
A small amount of mule deer ·winter habitat would be lost; however, upland
game, especially pheasants, would be benefited by the food provided on the
new land to be irrigat,ed. Value of the project area would be slightly de­
creased for fur animals but increased somewhat for waterfowl.
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SUGGESTIONS AND RECOMMENDATIONS

94. The foregoing statements were based upon information developed prior
to November 1, 1950. Therefore, the Fish and Wildlife Service and the
appropriate state fish and game departments should .be advised of changes
in project plans or methods of operation, as soon as they are anticipated
rather than when they become final, so that the reports being prepared may
include provisions to prevent damages to fish and wildlife.

95. The Fish and Wildlife Service, the fish and game department s of the
states concerned, and the construction agency should confer in the early
stages of project planning to formulate a general memorandum of under­
standing in order to establish a plan of procedure wherein fish and wild­
life problems can be effectively presented.

96. The Fish and Wildlife Service, the state fish and game departments
concerned, the Bureau of Reclamation, and the irrigation districts should
enter into agreements, which would cover such assistance as the Bureau and
the districts can reasonably and lawfully provide, making land within each
of the districts accessible for public hunting and fishing and otherwise
assuring that the maximum possible benefit s are realized from the fish
and wildlife resources.

97. Leases of Federal land in the project areas should stipulate the right
of public access for the purpose of hunting, fishing, and other uncommercial­
ized recreational purposes.

98. Management of the fish and wildlife resources in the project areas
should be vested in the states concerned.

99. The Fish and Wildlife Service, the state fish and game departments,
and other appropriate state agencies concerned should be given the oppor­
tunity to participate in the early planning of auxiliary features of the
projects so that adequate road and trail systems and other management de­
velopment s may be constructed to facilitate public access.

100. Title to all lands within the reservoirs and for an agreed upon
distance from the perimeters at maximum pool elevations should be acquired
in fee simple, or through the transfer of property, and be vested in the
United States. Government for the purpose of providing free public access.

101.. No part of the re servoir areas or the acquired strips surrounding
the reservoir areas should be leased for the exclusive benefit of any
corporation, individual, or groups of individuals for any purpose which
would prevent or interfere with the use of project areas for recreation,
hunting, or sport fishing by the general public.

17



FISH AND WILDLIFE SERVICE

102. The Soil- Conservation Service or other proper land management agency
should be. consulted concerning the employment of proper soil conservation
practices on the project lands and their recommendations should be incor­
porated in the over-all plan for enhancing fish and wildlife habitat.

10.3. Releases from the reservoirs am diversions below dams should be
accomplished by gradual operations of the gates to avoid sudden changes
in the flows below the dams and rapid changes in reservoir pool levels.

104. Minimum flows to protect the fisheries in streams affected should
be .guaranteed as part of the operation of the proposed project.

105. Precautions should be taken during the period of construction to
prevent excessive damages to fish and wildlife.

106. In making investigations and preparing detailed reports on the fish
and wildlife aspects of individual units and participating projects, rec­
ommendations will be made to protect or enhance fish and wildlife values,.
Following are listed recommendations expected to apply to at least some of
the projects.

a. All timber and heavy vegetation be cleared from specified
areas of the reservoirs to permit efficient seining operations.

b. Adequate facilities be developed for the protection and
management of migratory fishes affected by the pro ject and for
the prevention of loss of fishes through power tunnels, pumping
plants, or diversion canals.

c. The state fish and game department s concerned be not ified
of water shut-offs in sufficient time to allow fish to be salvaged
£rom affected stream sections.

d. Provision be made for the possible development of un­
affected as well as affected streams so that anticipated losses
to fish and wildlife" may be mitigated.

e. Grazing by livestock be prohibited or controlled along
the reservoir margins and about project works to permit vegeta­
tive cover to become established.

f. Waste areas, such as gullies and seeps, be planted and
maintained for tl1e benefit of wildlife to off set losses in
Wildlife habitat occasioned by project construction.

g. Project plans include provisions for the control of
domestic and industrial pollution in both the reservoirs and
streams of the project areas in accordance with good manag~ment

practic~s as well as established state and Federal laws.
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h. Suitable lands within the flood pools be devoted to
waterfowl food plantings and administered by an appropriate
conservation agency.

i. Migratory bird refuges, fish hatcheries, or other
management areas and facilities be established, where conditions
warrant, to enhance wildlife propagation based upon detailed
operation and maintenance plans developed by the Fish and
Wildlife Service and the state or states concerned.

/s/ John C. Gatlin
John C. Gatlin,

Regional Director
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The Fish and Wildlife Service program for the protection, develop­
ment, and utilization of fish and wildlife resources in the Upper Colorado
River Basin involves a wide variety of activities. The more important
of these are the development of habitat and the production of game and
fish. The success of these endeavors is made possible through use of
techniques and information gained from biological research as to popula­
tions, requirements and diseases of the different fish and wildlife spe­
cies, and by construction and maintenance of refuges and fish hatcheries.
Enforcement of wildlife conservation measures helps to protect the re­
source as does the cooperative control of injurious species of predators
and rodents. The supervision of the Federal Aid Acts to restore fish and
wildlife and the coordination of fish and wildlife conservation measures
on water development projects are becoming important functions of the
Service.

A sizeable portion of the economy of the Upper Colorado River Basin
is based on the sales and services involved in the harvesting of fish
and game. Most of the lands in the upper basin lie in semi-arid regions
which have been utilized for production of domestic stock and wildlife.
Increased populations, farming, irrigation, and industrial development
have reduced the wildlife habitat, while the demand for game has in­
creased tremendously. Past records give strong indication that continued
increases can be expected in the pu~suit of fish and wildlife for rec­
reation. Fifteen years ago approximately 10,400,000 licenses were issued
to hunt and fish in the United States. The latest figures indicate more
than 26,000,000 licenses are sold each year. This represents an in­
crease of 150 pe~cent, or about 10 percent annually. In less than ten
years receipts from license sales nearly tripled in both Utah and
Wyoming, where each state reported annual harvests of fish and game
meat in excess of 9,000,000 pounds. The Colorado Department of Game
and Fish reports the money turnover accruing directly from fish and
wildlife resources in Colorado ~ounts to more than $50,000,000 annually.
These figu~es reflect the enormous value of fish and wildlife resources
ln the Upper Colorado River Basin.

Some varieties of animal life are found on almost every acre of
land or water throughout the basin. Changes in land use or water
manipulation will affect these animals and conseqL:ently the fish and
wildlife populations of the area. To determine the effect that project
development would have on fish and. wildlife and to suggest means of
mitigating losses or preventing damage is the responsibility of the
Office of River Basin Studies. This office proposes to make surveys and
investigations over a period of time sufficient to determine the status
and trends of the resource and to determine the effect of the individual
projects on the Wildlife resources of the Nation.

Conservation aims and the methods of attaining them must be ever
sensitive to change and must be constantly improved to meet the new
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demands. Since wildlife is probably the least static of all our natural
resources the Service's program in the upper basin, as elsewhere, must be
sufficiently flexible to permit modification to meet the inevitable but
often unforseeable changes in conditions that affect the resource.

Within the organization of the Fish and Wildlife Service are several
branches which would need to adjust their programs according to the effec-t
exerted by the Upper Colorado River Basin development. The branches in­
volved are described in the following paragraphs with specific reference
to their more important functions. These functions all possess an under­
lying unity directed toward conserving the present populations and if
possible increasing the fish and wildlife resources.

The Branch of Wildlife Research

The Branch of Wildlife Research plans, directs and supervises the
wildlife research activities of the Service and is charged with the
problems of conservation, restoration and management of the wildlife re­
sources of the Nation. The program, in part, consists of investigations
on birds, mammals and other wildlife and includes studies of life his­
tories, habits and distribution. The Branch investigates damage caused
by wildlife on agricultural and forest lands, and recommends methods for
the reduction of eliminations of such damage. It also studies the effect
of insecticides and control chemicals on wildlife population.

The relative inaccessibility of many areas in the Upper Colorado
River Basin has not only obstructed an adequate management program for
the wildlife of the area, but has retarded the research necessary for
proper" management. A research program to be carried out during the
preconstruction and construction period seems advisable in order that
probable changes might be anticipated.

The proposed Colorado River Storage Project reservoirs would in­
undate approximately one-half million acres of poor to excellent wild­
life habitat displacing present populations and causing loss where
ranges become overstocked, unless adequate habitat is developed.

Branch of Fishery Biolo~

The responsibility for fishery research activities of the Service
rests with the Branch of Fishery Biology. In addition to numerous
phases of marine research, it studies the habits, ecology and distribu­
tion of anadromous and fresh-water fishes. The effects of both commer­
cial and sport fishing upon populations are also studied. Recommenda­
tions for conservation of fishery resources, improvement of fish-cultural
methods, and prevention and ,control of hatchery fish diseases are made by
this branch. It also approves designs, and operates fishways and fish
screens to minimize losses from project works.
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The Branch would be responsible for investigating the fishery poten­
tial of the various reservoirs of the Upper Colorado River Basin and for
determining the need and feasibility of introducing more suitable species.
An integrated research program that would include study of the entire
basin should be instituted so that such aspects as the correct species to
be introduced into the different waters, their effect on the species al­
ready present, and the proper management techniques could be applied.

Branch and Wildlife Refuges

The Branch of Wildlife Refuges plans and executes an integrated
wildlife program for the establishment of refuges for migratory water­
fowl, big game and other forms of wildlife. Units of the program may
vary from merely protection during breeding seasons to compleX restor­
ation or development of habitat for the preservation and propagation of
many species. To expedite the program a wide range of information from
extensive investigations is necessary.

Migratory waterfowl and big game refuges are the predominant tyPes
of refuges existing in the states that would be influenced by the proj­
ect.

Waterfowl refuge management is dependent upon proper utilization of
available water, thus any proposed water manipulations that may affect
the waterfowl program is of utmost importance to the Branch of Wildlife
Refuges.

Possible refuge sites within the project area would be examined by
this Branch and if finally approved the resulting refuge would be admin­
istered by it or by the state game conservation department under proper
agreement.

Branch of Game Management

The Branch of Game Management administers and enforces the Federal
statutes for the prot~ction and conservation of migratory birds, mammals
and game and food fishes involved in interstate movement. Its principal
responsibility is the apprehension and prosecution of offenders of these
statutes. In the enforcement of these laws, close cooperation is main­
tained with state conservation agencies and organized sportmen's groups.

The Branch conducts the annual mid-winter waterfowl inventory to
obtain data on the continental population of these birds by species.
It studies nesting conditions, conducts bag checks, collects other hunt­
ing and game kill data, and recommends administrative regulations under
the Migratory Bird Treaty Act based on bird populations, hunting pres­
sure and other available factual information.
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The Branch has the responsbility for issuance of 'permits to take,
possess, sell and otherwise traffic in migratory birds for scientific
and propagating purposes. It works closely with the United States Cus­
toms Service in preventing the unlawful importation of wild birds and
mammals. Similar cooperation is carried on with postal inspectors and
Railway Express officials to obtain records of unlawful interstate ship­
ment of wild birds, fishes, mammals and parts thereof. The Game Manage­
ment Branch with assistance from county agricultural agents investigates
depredation to crops by migratory birds, develops and demonstrates meth­
ods and devices for abating such damages and works toward the elimina­
tion of such losses. It also disseminates information to the public
about game laws and practical conservation through newspapers, schools,
and farmers' and sportsmen's organizations.

The Colorado River Storage Project would tend to increase the
human population, intensify the agricultural activities in the basin
and would provide new means of public access to this relatively in­
accessible country. These changes would necessitate increased super­
vision and administration by the Branch of Game Management in conserv­
ing, protecting and managing the wildlife resources of the Basin.

The Branch of Predator and Rodent Control

The Branch of Predator and Rodent Control plans and directs co­
operative predator and rodent control operations throughout the United
States. This work includes use of various control measures for the
protection of livestock, poultry, stored foodstuffs and agricultural
crops as well as beneficial species of wildlife and native vegetation.
The Branch operates with the public health services in initiating
rodent control measures in areas where disease-carrying animals may
create a health hazard. Field investigations and demonstrations facil­
itate control measures in these programs.

Within the Upper Colorado River Basin, funds are not available to
put into operation such over-all control plans as are deemed necessary.
Predator and rodent control work, therefore, is confined to critical
areas depending upon the season of the year and the species requiring
control. Expanded agricultural activities resulting from the Colorado
River Storage Project would necessitate further control of injurious
animals, some of which now present only minor or local problems.· Irri­
gation produces improved habitat for some rodent species.

Branch of Federal Aid

The Branch of Federal Aid is concerned with the administration and
use of federally collected funds made available to the state game depart­
ments through the Pittman-Robertson Act and the newly enacted Dingell­
Johnson Bill. The activities of this Branch include supervision of mat~

23



FISH AND WILDLIFE SERVICE

ters pertaining to the management of areas acquired, developed, or main­
tained by cooperating states under the provisions of the Acts, and ad­
vising the states with regard to biological research and land development
activities for effective fish and wildlife restoration. It assists the
state fish and game departments in the formulation of sound management
plans and programs relating to upland game, big game, waterfowl, fur­
bearing animals and fishes.

The Colorado River Storage Project with its numerous water develop­
ments and resulting irrigation areas would afford numerous opportunities
for the Branch of Federal Aid to cooperate with the states in planning
and developing efficient fish and wildlife management programs.

The Branch of Game-Fish and Hatcheries

The Branch of Game-Fish and Hatcheries is concerned with two sep­
arate but closely integrated phases of fisheries conservation. First,
management plans are formulated and recommended for waters under Federal
jurisdiction; cooperation is given other conservation agencies and in­
dividuals in the development of management programs for public and
private waters.

Second, hatcheries and rearing ponds are operated to produce and
distribute, to the extent funds will allow, the fish species, sizes
and numbers which are required to fill the stocking needs as well as
to furnish considerable numbers for further rearing and distribution
by state conservation agencies.

Development of proposed water storage facilities in the Upper
Colorado River Basin will create further demands on both phases of
the work carried on by the Branch of Game-Fish and Hatcheries. Of
particular importance will be the increased need for advanced finger­
ling and larger sizes of trout to maintain the fishery of high eleva­
tion impoundments, and for warm water species to stock impoundments
a';" lower elevations. The Service at the preeent time furnishes vir­
tually all of the warm water species stocked in the area concerned.

Office of River Basin Studies

The Office of River Basin Studies, acting in cooperation with the
state fish and game departments and the other branches of the Fish and
Wildlife Service, is responsible for investigating water resource de­
velopment projects to insure proper consideration of fish and wildlife
needs. The objectives of such investigations are to determine the
project's effect on fish and wildlife and to prevent damage which migh~

result from project construction, point out means of developing or re­
habilitating habitat, alleviate pollution and assist in planning for
propagation and refuge facilities. The work is carried on in cooper-
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ationwith the 'project sponsor and other Government agencies" as well as
the state fish and game conserva.tion departments of the states concerned.

The development of the Colorado River Storage Project with its many
dams,reservoirs, irrigation areas and related works would cause changes
in the present land use in the Basin which would have a pronounced effect
on the fish and wildlife of the area. This effect must be considered in
developing sound policies for reducing losses and in making recommenda­
tions to insure maximum fish and wildlife production on project areas.

The cost of surveys made by the Office of River Basin Studies is
paid by the sponsor of the project as provided in Public Law 732, 79th
Congress (60 Stat. 1080) I~n Act to promote the conservation of wild­
life, fish, and game and for other purposes. II

If provision is made in the final project plans to maintain fish
and wildlife populations displaced from all the habitat that will be
inundated, in the half million acres of proposed reservoirs, the acqui­
sition and construction costs may well exceed $10,000,000 with operation
and maintenance costs of $250,000 per year. The costs of maintaining
fish and wildlife adversely affected by the project would be in addition
to the expanded program the Fish and Wildlife Service contemplates in
the Upper Colorado River Basin Region as proposed in the follOWing pro­
gram.
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Estimate of Funds Required by the
Fish arid Wildlife Service for Com~

prehensive Developments in the A~a

Innuenced by the Colorado Ri'Ter
Storage Project
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Hiver Basin Studies !I
General Administration Costs of Washington

and Regional Offices for Upper Colorado
River Basin Region
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PUBLIC HEALTH ASPECTS
OF THE

COLORADO RIVER STORAGE PROJECT
AND PARTICIPATING PROJECTS

The Colorado River Storage Project and participating projects would
consist of a combination of dams, reservoirs, power plants, and other
appurtenant structures on the Upper Colorado River and its principal
tributaries. The project would provide a means for the full development
of the water resources and long time regulatory storage needed to permit
states of the Upper Basin to meet their flow obligations at Lee Ferry,
as defined by the Colorado River Compact, and still utilize their appor­
tioned share of water. Lee Ferry, in northern Arizona, is the dividing
point on the river between the Upper and Lower Colorado River Basins.
During periods of low stream flow, the states would release storage
water to meet the Lee Ferry flow obligation and in exchange they would
divert upstream flow for use in the Upper Basin. The project. would pro­
vide some storage water for direct use in the Upper Basin. In addition,
the project would control sediment, abate floods, facilitate recreational
development, and aid in fish and wildlife conservation. It also would
permit production of a substantial amount of the electric energy needed
in the Upper Basin and adjacent areas.

All projects authorized subsequent to approval of the Upper Colorado
River Basin Compact that would consume water of the Upper Colorado River
system are considered to be dependent on the storage project for an
assured water supply. Such projects have been designated as dependent
projects. Benefits from irrigation, municipal, industrial, and related
uses in the Upper Basin would be realized only with the construction of
dependent pro,;ects. In this respect, the importance of the dependent
projects is illustrated by the fact that the Central Utah Project, one of
the major projects in this category, provides for 47,100 acre-feet of
water annually for municipal, industrial, and related uses.

Construction Phase of Project

Public health services in the Upper Colorado River Basin are limited
and the State and local heaJ~h units are not adequately staffed in most
cases to cope with local public health problema. The large construction
program that will be required during the development stage will be
located in rural and isolated areas. The influx of construction workers
into areas without proper facilities to care for their needs or to pro­
vide for their families may create acute public health problems involVing
proper medical care and the provision of adequate sanitary facilities.
In some cases, the construction work will be carried on in relatively
remote areas and accommodations will have to be provided for the influx
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of workers and their families. In most cases, temporary camps will be
provided for construction workers and facilities of a more permanent
nature will be provided for Bureau of Reclamation employees. Problems
which may be encountered will include adequate housing, development of
safe and ample water supplies, proper sewage disposal, adequate garbage
and refuse disposal, insect and rodent control, proper food handling
facilities and their control, safe sources of milk and meat supplies,
and adequate medical care. Sanitary surveys of proposed construction
camps by representatives of the State health departments or Public
Health Service would be of considerable value in revealing public
health problems that may be encountered during the construction phase
of the projects. Plans of proposed sanitary installations should be
forwarded to the respective State health departments for approval
prior to construction so that the sanitary facilities to be provided
will meet the requirements of the State health departments.

Some of the proposed impoundments will flood areas occupied by
rural communities. In the relocation of these communities, precautions
should be taken to remove or dispose of all wastes prior to the flood­
ing in order to eliminate all sources of pollution. The wastes should
be disposed of in accordance with the requirements of the local health
authorities. Proper sanitary facilities should be provided for each
community. These should include a water supply system with a safe and
adequate source of supply, proper sewage disposal and treatment, and
adequate garbage and refuse disposal.

In connection with industrial health hazards that may be encoun­
tered on construction projects, arrangements should be made for the
prevention of health hazards and accidents and for the emergency treat­
ment of injuries.

Proposed Recreational Development

The impoundments that will be developed will provide opportunities
for the development of recreational areas on the adjoining watersheds.
Most of these areas will be accessible to the public over highways that
will be prOVided during the construction stage of development. Under
these conditions, the areas that provide opportunities for fishing,
boating, bathing, hunting, and hiking may be developed for recreational
purposes. The areas that are of unusual 8'Cenic interest may also be
considered for development.

The development of re'Creational areas in the vicinity of proposed
impoundments may create public health problems if local s.anitary re­
quirements are not enforced. In addition to the possible effects of
these installations on the use of the impounded waters for domestic
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water supplies at recreational areas or for irrigation purposes, the
problem of providing adequate and safe sanitary facilities for the pub­
lic at recreational areas is important from a public health standpoint.
These problems include a safe and ample water supply, proper sewage
disposal, adequate garbage and refuse disposal, insect and rodent con­
trol, proper food handling facilities, and safe sources of milk supply.
Proper design, construction, operation, and maintenance of resorts,
tourist courts, private cabins, fishing camps, and boating and bathing
facilities at proposed recreational areas are essential both for the
protection of visitors and for the maximum benefit of subsequent water
users. Sanitary requirements recommended by the State health depart­
ments or the Public Health Service should be adopted and enforced to
solve the public health problems which will 1e encountered.•

Stream Pollution Problems

The Upper Colorado River Drainage Basin is sparsely populated and
according to the census, 286,450 people were residing there in 1940.
The average density was 2.6 persons per square mile, compared with the
national average of 44.2 persons per square mile. Grand Junction,
Colorado; Rock Springs, Wyoming; Durango, Colorado; Price, Utah;
Montrose, Colorado; and Delta, Colorado, are the six largest towns in
the upper drainage basin, but their combined 1950 population is only
47,600. The population in these communities ranges from 14,454 for
Grand Junction to 4,077 for Delta, the largest and smallest towns
respectively, in this group.

Agriculture, partiCUlarly livestock raising, and mining are the
principal industries of the upper drainage basin. The processing of
agricultural products on a small scale is practically the only manu­
facturing undertaken in this area. Three factories are available for
the processing of fruits and vegetables, and two for the processing
of sugar beets and the refining of sugar.

The upper drainage basin is the leading domestic source of vana­
dium uranium, molybdenum, and radium ore. Zinc, lead, Silver, and
gold deposits there also are commercially important. Large coal fields
in the upper drainage basin are being extensively worked. About 15
million tons of coal were mined in 1943. Oil and gas are p~oduced in
the San Juan River Basin, the Uinta Basin, and in northwestern Colorado.
Several producing fields have been developed recently and Widespread

• exploration is continuing. Pilot plants are being operated to deter­
mine the best methods of extracting oil from shale.

Under conditions that prevail in the Colorado River Basin at this
time, stream pollution problems are considered of minor importance with
the exception of a few problems of a local nature. This picture may
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change materially under expanded industrial development. Although un­
treated domestic and industrial wastes are discharged into the streams
in the Colorado River Basin) the pollution problems that are encountered
are confined to local areas due to the limited volume of wastes in pro­
portion to the water available for dilution purposes. Adequate treat­
ment of these wastes prior to disposal is considered essential when the
untreated wastes are detrimental to the subsequent use of water below
points of pollution.

Large scale industrial development in the Colorado River Basin may
alter the problem of stream pollution to a considerable extent. The
industries that may be involved in future development and expansion in­
clude: (1) Processing of oil and oil products from vast reserves of oil
shale) (2) manufacture of wood pulp and paper) (3) deve lopment of maj or
oil fields) (4) further expansion of mining) and (5) processing of food
and meat products. Untreated wastes from some of these developments
some day may be responsible for pollution which could debase the quality
of water to be used for irrigation and domestic purposes) development of
recreational areas) and the propagation of fish and Wildlife. Most of
these problems can be solved by the State health authorities in requir­
ing adequate waste treatment and·by the.cooperationof indUstry in volun­
tarily providing treatment facilities. However) where these wastes will
not respond to conventional or known methods of treatment) studies and
investigations should be made by industry and the State health author­
ities in order to solve these problems. The cooperation of all inter­
ested parties is considered essential to the elimination of existing and
new sources of water pollution.

Studies to determine the present and future requirements for con­
trolling water pollution in the Upper Colorado River Basin are now be­
ing made by the States of that area in cooperation with the Public
Health Service.

Natural purification that will take place in the proposed impound­
ments by means of prolonged storage, sedimentation) aeration) and bio­
logical changes should improve the physical and bacteriological quality
of the water to a marked degree. The greater part of the sediment and
soil pollution that will enter all impoun&nents will be removed or trans­
formed into inert material by the processes referred to. This will pro­
duce water of a quality desirable not only from a physical and bacteric­
logical standpoint, but also for various purposes including irrigation)
domestic purposes, fish and Wildlife development, and recreation. These
conditions will prevail if adequate treatment is provided for all dom­
estic and industrial wastes responsible for stream pollution.
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Mosquito Control

The development of the Colorado River Storage Project and partici­
pating projects may increase the population of mosquito vectors of cer­
tain diseases endemic within the boundaries of the project. These in­
creases will probably not be significant over the entire project area.
However, unless proper considerations are included in the project, it
is believed that in certain locations these increases will be of con­
siderable importance. Determinations of existing conditions relative
to mosquito species and densities are necessary for proper evaluation
of future developments that may grow out of the project. Investigations
for such purposes should be made by public health authorities and com­
pleted in sufficient time to permit action which will tend to minimize
mosquito production where it is important to the public health to do so.
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