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LETTER OF TRANSMITTAL

Hon. SAM RAYBURN,
Speaker of the House of Representatives,

Washington, D. C.
MY DEAR MR. SPEAKER: My report on the Collbran project,

Colorado, is transmitted herewith pursuant to the provisions of section
9 (a) of the Reclamation Project Act of 1939 (53 Stat. 1187).
The Collbran project is a multiple-purpose project designed to utilize

waters of Plateau Creek, a tributary of the upper Colorado River in
western Colorado, for irrigation, municipal water supply, and hydro-
electric-power production. The area to be served by the municipal
water-supply features of the project includes the city of Grand
Junction, Colo., now experiencing industrial expansion as a result
of the nearby deposits of oil-bearing shales, uranium ores

' 
and other

minerals. Irrigation supplies would be provided for about 20,000
acres of land in Plateau Valley east of Grand Junction, and hydro-
electric-power plants having an installed capacity of 7,400 kilowatts'
capacity would be installed along the pipeline required to serve the
municipal water users.
The report has been transmitted to the States of the Colorado River

Basin and to the Secretary of the Army for their views and recom-
mendations as required by the provisions of the Flood Control Act
of 1944 (58 Stat. 887); to the State of Colorado for the comments of
the head of the agency exercising administration over the wildlife
resources of that State, as required by the provisions of the act of
August 14, 1946 (60 Stat. 1080); and to the Federal agencies which
might have an interest in the proposed project, in accordance with
interagency agreements. Copies of all the comments received in
response to these transmittals are enclosed with the report.
The report and the comments received were submitted to the

President with a request for advice concerning the relationship of the
proposed project to his program. A copy of the comments of the
Director of the Bureau of the Budget is enclosed with the report.

Sincerely yours,
WILLIAM E. WARNE,

Assistant Secretary of the Interior.

DEPARTMENT OF THE INTERIOR,
OFFICE OF THE SECRETARY,
Washington, D. C., July 3, 1951.
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LETTER FROM THE BUREAU OF THE BUDGET TO THE
SECRETARY OF THE INTERIOR

EXECUTIVE OFFICE OF THE PRESIDENT,
BUREAU OF THE BUDGET,

Washington, D. C., June 19, 1951.
The honorable the SECRETARY OF THE INTERIOR.
MY DEAR MR. SECRETARY: This acknowledges your letter dated

May 9, 1950, submitting your Department's report on the Collbran
project, Colorado, prepared by the regional director, region 4, Bureau
of Reclamation, and requesting advice as to the relationship of the
proposals in that report to the President's program.
The proposed Collbran project, in west central Colorado on the

west slope of the Continental Divide, would supply additional water
for irrigation purposes to lands in the Plateau Valley; supplemental
water to Grand Valley and vicinity for industrial, municipal, and
domestic purposes; and hydroelectric power for use in central Colo-
rado. The irrigation features of the project would consist of Vega
Dam and Reservoir on Plateau Creek with a storage capacity of 30,000
acre-feet, the Leon Creek-Park Creek feeder canal to divert flows of
these two creeks into the reservoir, and the Southside canal extending
30 miles from the reservoir to project lands to furnish a supplemental
water supply for 18,340 acres now inadequately irrigated and a full
irrigation supply for 2,310 acres of new irrigated land. The industrial,
municipal, and domestic water-supply features include Bonham
Reservoir on Big Creek enlarged to a storage capacity of 6,300 acre-
feet, togethpr with eight natural lakes in the headwaters of Big and
Cottonwood Creeks with an aggregate storage capacity of 3,830 acre-
feet, two feeder canals to divert flows into the reservoirs, a pipeline
approximately 44 miles long with a minimum capacity of 20 second-
feet to convey water from the reservoirs to an equalizing reservoir
near Grand Junction to be built by potential water users. Hydro-
electric power would be generated by the 20-second-foot pipeline flow
at two power plants, one located about 34 miles from Molina, Colo.,
with an installed generating capacity of 5,000 kilowatts, and one near
Cameo of 2,400-kilowatt capacity. These two power plants would
produce approximately 51,600,000 kilowatt-hours of firm power and
6,670,000 kilowatt-hours of nonfirm power annually.
The estimated construction cost of the project is $13,299,000, and

the estimated annual operation, maintenance, and replacement costs
total $108,800. An amount of $257,000 of the total construction cost
is allocated to nonreimbursable fish and wildlife. The remaining
$13,042,000 is considered reimbursable, of which $3,987,000 is allo-
cated to irrigation, $2,742,000 to municipal water, and $6,313,000 to
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2 COLLBRAN PROJECT, COLORADO

power production. A payment period of 50 years is assumed for
irrigation-water users, and it is estimated the net revenue will total
$1,000,000, or $2,987,000 less than the cost allocated to irrigation. It
is proposed to make up this deficiency by diverting the necessary
amount from the interest payments on power. The total annual cost
to project farmers is estimated to be $41,000, or about $1.98 per acre
on the basis of 20,650 acres of irrigated land. The annual amount to
be applied to maintenance and operation of irrigation works is esti-
mated to be $21,000, leaving $20,000 available for repayment of
capital costs.
The amount of $6,313,000 allocated to power-production cost repre-

sents nearly $850 per installed kilowatt capacity. The repayment
period for power is assumed as 60 years with interest at 3 percent.
The average annual operation, maintenance, and replacement costs for
power production are estimated at $80,000 annually. On the basis of
disposing of the output of both plants at the rate of 5.6 mills for firm
power and 3 mills for nonfirm power, it is estimated that the annual
revenue would be $308,960. .The interest component would amount
to $7,285,584 in 60 years, and it is proposed to divert $2,987,000 ofthis to the repayment of the cost allocated to irrigation. The report
submits a study indicating that electric-energy requirements in theproject area would increase from 59,450,000 kilowatt-hours in 1946
to 144,000,000 kilowatt-hours in 1960, but indicates that existingfacilities generated 156,814,000 kilowatt-hours in 1946, most of which
was sold outside the project area. It also states that all of the marketarea is not immediately available to project power, and construction
of the necessary transmission system would prove too costly.
It is proposed to repay the allocation to industrial, municipal, and

domestic water supply over a 60-year period with interest at 2 percent.Users would be charged at rates sufficient to provide an annual rev-enue of $78,800 in addition to operation and maintenance costs. The
report does not develop these rates nor the anticipated number ofcustomers to be attached. It does state that the present system atGrand Junction can supply 430 gallons per capita daily and is con-sidered adequate to meet present peak demands for the 18,500 peopleserved. Based on the assumption of steady population increases, it isestimated that the project system could serve 31,000 customers at theend of 50 years.
In its letter dated March 28, 1950, the Colorado River Board of

California questions the ability of the project to develop sufficientquantities of firm commercial power to produce the assumed annualpower revenues throughout the repayment period. It also commentson the proposal to extend pay-out periods permissible under existinglaw and the diversion of the interest component of power revenues,and expresses the opinion that this would not comply with existingreclamation law.
The Department of Agriculture, in its letter dated April 26, 1950,states that the proposal to furnish supplemental irrigation water toPlateau Valley seems to be economically sound but suggests that aseparate evaluation be set out in the report to substantiate such con-clusion. The Department also questions the validity of certain as-sumptions made in the report in estimating benefits resulting fromirrigation, particularly those credited as indirect benefits. It is noted,however, that, aside from the strictly favorable benefit-cost comparison



COLLBRAN PROJECT, COLORADO 3

used in the report to justify the project, the irrigation features which
primarily are for supplemental water approach an average cost of
approximately $200 per acre, three-fourths of which is proposed as a
Federal subsidy in addition to the interest-free money on the one-
fourth that is reimbursable.

Included in the comments submitted by the Federal Power Com-
mission in its letter of April 14, 1950, is a reference to the contrast
between the 50- and 60-year repayment periods assumed and the
100-year period used for purposes of benefit-cost analysis. The Com-
mission states that experience has demonstrated that no period longer
than 50 years is justified for economic analyses, at least with respect
to power projects.

It is also noted that combinations of various methods have been
applied in estimating benefits and cost allocations. Based on the in-
formation made available, it is impossible to determine the effects of
other methods of computation on the feasibility of the project. The
Federal Inter-Agency River Basin Subcommittee on Benefits and
Costs has recently developed a proposed manual for the use of all
agencies in the economic analyses of river basin projects. With re-
gard to the evaluation procedure adopted for the Collbran project,
we can only question its justification in the absence of accepted
methods. It woUld seem important that an agreement be reached
at an early date on mutually acceptable methods for determining
benefits and cost allocations. It would be perfectly clear then that
evaluation methods employed were not adopted for the purpose of
placing the economics of the project in the most favorable light.
The proposed repayment plan contemplates the use of a portion of

the interest component of the power revenues as an irrigation subsidy.
The President's position, with regard to this proposal, was discussed
in the Director's letter of July 17, 1950, on the Palisades project.
With respect to the use of the interest component, the Director's
letter on the Palisades project stated:
The President has neither approved nor disapproved such action from the

standpoint of national policy. Furthermore, while it is recognized that the
Solicitor of the Department of the Interior had issued an opinion that the interest
component on the power investment could be so applied, the President has not
indicated agreement that the present law should be so interpreted. He is re-
serving judgment on the issue pending the report of the Water Resources Policy
Commission.

The Water Resources Policy Commission has submitted its report
to the President and its recommendations are now under review and
analysis within the executive branch. Until the President has had
an opportunity to appraise the findings of his Water Resources Policy
Commission in the light of all available data, his position remains as
stated above.
The President's position regarding Federal water-supply projects

for industrial, municipal, and domestic purposes is stated in the
Director's letter of June 19, 1950, on the Canadian River project, as
follows:

It should be recognized that the Canadian River development would be the
first improvement of an essentially municipal and industrial water supply char-
acter authorized under reclamation law. While I would not in this case ques-
tion the authority for considering the proposed project under reclamation law,
it would, if approved, place the United States in the position of assuming a new
type of primary responsibility in the water-resources field. Up to this time, the
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provision of municipal water supplies has been only an incidental feature of
multiple-purpose water developments, to such primary purposes as flood control,
navigation, or irrigation. * * * The project raises, therefore, the important
question of national policy 'relative to the possible future scope of the responsi-
bility of the Federal Government for providing adequate municipal and indus-
trial water supplies on a Nation-wide basis. * * * There should also be Et
clear understanding that the total cost of furnishing water supplies would be re-
turned to the Federal Government with interest, in a stated period of years,
regardless of whether the cities' population and load growth develop as estimated

, in the report.

-While it is recognized that the Director's letter of June 19, 1950,
deals with a project designed primarily for municipal water supply,
the principle of repayment should apply regardless of whether the

i:municipal water supply feature of a project is incidental or of major
importance. In connection with the Canadian River reclamation
project, Texas, Public Law 898, Eighty-first Congress, second session,
authorizing the project on December 29, 1950, provides under section
2 (b) that—
Actual construction of the project herein authorized shall not be commenced, and
no construction contract awarded therefor, until * * * repayment of that
portion of the actual cost of constructing the project which is allocated to municipal
and industrial water supply and of interest on the unamortized balance thereof
at a rate (which rate shall be certified by the Secretary of the Treasury) equal to
the average rate paid by the United States on its long-term loans outstanding at
the time the repayment contract is negotiated minus the amount of such net
revenues as may be derived from temporary water-supply contracts or from other
sources prior to the close of the repayment period, shall have been assured by Etcontract satisfactory to the Secretary, with one central repayment contract or-ganization, the term of which shall not exceed 50 years from the date of com-pletion of the municipal and industrial water-supply features of the project as
determined by the Secretary.

With further reference to repayment periods for reclamation proj-
ects, the President stated in his letter of March 29, 1948, on the Provo
River project, Utah:

It has been my understanding that reclamation projects, historically, have been
based on the principle that the construction costs to the Federal Governmentwould be repaid, without interest, in 40 years, plus, in • some cases, a 10-year
development period. My attention has been directed to the increasing number
of legislative proposals in the last several sessions of Congress which would
serve to extend the periods of repayment for certain reclamation projects. WhileI can understand that instances may occasionally occur which might justify the
Federal Government providing for additional subsidies on reclamation projectseither through waiver of interest charges over longer periods of time or possibly,in some cases, through extensions of repayment periods beyond what might event-ually turn out to be the useful life of a project. I do not wish my action in ap-proving S. 1990 to be construed as endorsing the principle of extending generally
the basic 40-year repayment period for reclamation projects.
The data contained in your proposed report and the comments of

the Department of Agriculture indicate the irrigation features of the
project to be desirable even though the farmers may be able to repay
only a part of the irrigation development costs. The indirect local
benefits would appear to be of such nature and magnitude as to warrant
the United States subsidizing the irrigation improvements cost above
and beyond the amounts which the irrigators can repay. A separate
evaluation of total benefits and costs for the irrigation features
would, however, be required to substantiate such a conclusion. It
would also seem proper then to consider adding the water supply and
power features as they may be separately justified on the basis of
incremental benefits and costs. Such an analysis would also undQubt-
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edly result in some changes in cost allocations from those shown in the
report, although, of course, it would be proper for all purposes to share
in the savings resulting from a multiple-purpose improvement.

Accordingly, you are advised that, while there would be no objection
to the submission of the proposed report to the Congress, authoriza-
tion of the project would be without objection only if, in accordance
with above comments:

(1) A separate evaluation of the irrigation benefits and costs as
outlined above shows the work to be economically justified.
(2) It is understood that the use of the interest component for

aiding the return of irrigation costs in the eventual repayment
plan for the Collbran project will be dependent on the policy
established by the President after he appraises the findings
of his Water Resources Policy Commission; and
(3) The costs of the industrial, municipal, and domestic

water supply and the hydroelectric power features of the project
would be repaid with interest by the beneficiaries of each over a
period of not to exceed 50 years.

If authorized by the Congress, any estimate of appropriation for
initiation of the project must be justified in accordance with the policy
set forth in the President's letter dated July 21, 1950, which directed
that all civil works be considered with the objective, as far as practi-
cable, of deferring, curtailing, or slowing down those projects which do
not directly contribute to national defense or to civilian requirements
essential to the changed international situation, or as may later be,
modified.
In submitting whatever report you deem appropriate to the Congress'

it will be appreciated if you will include a copy of this letter with your
report.

Sincerely yours,
F. J. LAWTON. Director.

LETTER FROM THE SECRETARY OF THE INTERIOR TO THE
PRESIDENT

DEPARTMENT OF THE INTERIOR,
OFFICE OF THE SECRETARY,

Washington 25, D. C., May 9, 1950.

The PRESIDENT,
The White House.

(Through Bureau of the Budget.)
MY DEAR MR. PRESIDENT: My report on the Collbran project,

Colorado, is transmitted herewith pursuant to section 9 (a) of the
Reclamation Project Act of 1939 (53 Stat. 1187).
In-creased population and industrial development in the vicinity-

of the Grand and Plateau Valleys of Colorado have resulted in short-
ages of irrigation, domestic, and industrial water, and electric power.
Further industrial expansion expected with the development of
nearby mineral deposits, including oil-bearing shales, uranium ores
and coal will further intensify the shortages. My enclosed report
recommends authorization of the Collbran project at an estimated
cost of $13,299,000 to provide water and electric power to meet the
immediate needs in this area.
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The report has been transmitted to the States of the Colorado River
Basin and to the Secretary of the Army for their views and recom-
mendations as required by the provisions of the Flood Control Act of
1944 (58 Stat. 887) ; to the State of Colorado for the comments of the
head of the agency exercising administration over the wildlife resources
of that State, as required by the provision of the act of August 14,
1946 (60 Stat. 1080) ; and to the Departments of Agriculture and
Commerce, and the Federal Power Commission, in accordance with
interagency agreements. Copies of all the comments received areenclosed with the report.
I shall appreciate having advice concerning the relationship of this

proposed project to your program before I transmit the report to theCongress for its consideration and appropriate action in accordancewith the provisions of the Reclamation Project Act of 1939.
Sincerely yours,

WILLIAM E. WARNE,
Acting Secretary of the Interior.

LETTER FROM THE ACTING COMMISSIONER OF RECLAMATION
TO THE SECRETARY OF THE INTERIOR

DEPARTMENT OF THE INTERIOR,
B UREAU OF RECLAMATION,

Washington 25, D. C., May 8, 1950.
The SECRETARY OF THE INTERIOR.

SIR: Transmitted herewith is my report on the Collbran project,in west central Colorado.
In your behalf copies of the report which you adopted on December

30, 1949, as your proposed report were sent to the Secretary of theArmy and to designated officials of the States of Arizona, California,
Colorado, Nevada, New Mexico, Utah, and Wyoming for their views
and recommendations in accordance with the provisions of section 1
of the Flood Control Act of 1944 (58 Stat. 887), and to the Governorof Colorado for the report and recommendations of the head of theagency exercising administration over the wildlife resources of theState of Colorado in accordance with requirements of the act of
August 14, 1946 (60 Stat. 1080). Copies of the proposed report weresent also to the Federal Power commission and the Departments ofAgriculture and Commerce for their comments. Copies of thewritten views of the States, with the exception of the State of Nevada,from which comments have not been received, and of the Federal
agencies are attached with a copy of your proposed report.
The views of the reviewing officials of the States of Arizona, New

Mexico, Utah, and Wyoming are favorable to the development of theproject in accordance with the plan set forth in your proposed report.The State of California had no official comments to offer. Colorado,the State in which the project works are proposed, concurs in thefindings of the report and suggests minor refinements in the projectplan which can easily be carried out if found to be feasible at the timethe project is under construction.
The Chief of Engineers, writing on behalf of the Secretary of theArmy, has advised that the recommended project will not conflict
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with any of the interests of the Department of the Army. Comments
of the other Federal agencies are favorable.

Informal comments on the report which have been received from
Rural Electrification Administration cooperatives and municipalities
in the area make it desirable for me to point out at this time that in
order to serve energy to preference customers in west-central Colorado
in accordance with reclamation law and departmental policy it will
be necessary to construct considerable transmission lines in addition
to those specifically discussed in the Collbran report. The nature of
the power to be produced by the Collbran project does not fit in well
with the type of load to be expected from these preference customers,
inasmuch as the energy production at the project plants is based upon
very high plant factors, while to satisfy the preference load there
would be need for peaking power at low load factors. This type of
load can best be met through facilities which will be provided following
construction of power plants and transmission lines in connection with
the proposed Colorado River storage project. The power market iii
this area and the facilities to serve that load are considered to be a.
part of the storage project. It is contemplated also that there will be,
interconnection between the Collbran project power plants and the
plants of the Colorado River storage project. This interconnection
is expected to take place almost as soon as power can be produced on
the Collbran project. Authorization for transmission facilities to
serve preferential customers in this area will therefore be requested
as a part of the Colorado River storage project. Should there be
substantial lag between the time power is produced on the Collbran
project and the time Colorado River storage power will be available,
efforts will be made to satisfy preferential customers through wheeling
arrangements.

After consideration of all comments received, I suggest no change
in your proposed report other than your approval of the above
clarification with respect to the serving of preferential power custom-
ers.

Accordingly, I recommend that you adopt the report which you
approved on December 30, 1949, as clarified by this letter, as your
final report on the Collbran project, and that you transmit it, to-
gether with copies of the attached comments, to the President and,
subsequently, to the Congress in accordance with the provisions of
the Reclamation Project Act of 1939.

Respectfully,
WESLEY R. NELSON,

Acting Commissioner.
Approved and adopted: May 9, 1950.

WILLIAM E. WARNE,
Acting Secretary of the Interior.
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LETTER OF COMMENT FROM THE GOVERNOR OF THE STATE OF
ARIZONA

Mr. MICHAEL W. STRAUS,
Commissioner of Reclamation, Department of the Interior,

Washington, D. C.
DEAR MR. STRAus: The Arizona Interstate Stream Commission has

reviewed the project planning report on the Collbran project, 
Colorado, and has addressed to me a letter, the original of which is enclosed

to you.
I approve of the action of the Arizona Interstate Stream, Commision

and have hereby adopted its letter as the official comments of Arizona.
Sincerely,

DAN E. GARVEY, Governor.

ARIZONA INTERSTATE STREAM COMMISSION,
Phoenix, Ariz., January 10, 1950.

Gov. DAN E. GARVEY,
State Capitol, Phoenix, Ariz.

DEAR GOVERNOR: We have reviewed Project Planning Report No.
4-8a.5-2 of the Bureau of Reclamation, United States Department
of the Interior, on the Collbran project, Colorado, together with the
letter of transmittal from the Commissioner of Reclamation to the
Secretary of the Interior and the letter of transmittal from the
regional director of region IV of the Bureau of Reclamation to the
Commissioner of Reclamation.
We assume, of course, that the proposed project has the approval of

'the State of Colorado and of the people of the project area.
Since the water to be utilized by the project is clearly within the

share of Colorado under the Colorado River compact and the upper
Colorado River Basin compact, we find no objection to the project
nor to the report.

Since it appears to us that the project is urgently needed by the
people of the area, we recommend that the State of Arizona join in the
recommendation of the Commissioner of Recltimation and of the
director of region IV of the Bureau of Reclamation, contained in their
letters of transmittal; and, therefore, join in the recommendation
that the project be authorized for construction.

Yours very truly,
-WAYNE M. AKIN, Chairman.
RAY KEENAN, Executive Secretary.

EXECUTIVE OFFICE,
STATE HOUSE,

Phoenix, Ariz., January 12, 1950.
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LETTER OF COMMENT FROM THE STATE OF CALIFORNIA

STATE OF CALIFORNIA,
DEPARTMENT OF PUBLIC WORKS,

Sacramento, April 5, 1950.
HOD. OSCAR L. CHAPMAN,

Secretary of the Interior, Washington, D. C.
DEAR MR. CHAPMAN: Your proposed report on the Collbran project,

Colorado, was received on January 9, 1950. Thi3 department has
reviewed the report in accordance with the provisions of Public Law
534, Seventy-eighth Congress, second session, and has no comments
to offer.
The report was submitted to the Colorado River Board of California,

for its comments, which have been received and are transmitted here-
with for your information.

Yours very truly,
C. H. PURCELL,

Director of Public Works.

STATE OF CALIFORNIA,
Los Angeles, March 28, 1950.

To: A. D. Edmonston, State engineer, division of water resources, -
Public Works Building, Sacramento, Calif.

From: Colorado River Board of California, 315 South Broadway.
Subject: Review of Federal reports, Collbran project, Colorado.

Reference is made to letter dated January 4, 1950, from the Com-
missioner of Reclamation to Hon. Charles H. Purcell, director of public
works, State of California, transmitting in accordance with the require-
ments of the Flood Control Act of 1944, copies of the proposed report
of the Department of the Interior on the Collbran project, Colorado
Project Planning Report No. 4-8a.5-2, dated November 1949, for in-
formation and such comments as the State might wish to make. By

communication dated January 11, 1950, you trans-
mitted a copy of that report to this office with the request that com-
ments be furnished for incorporation in a report to be submitted by

director of public works. In response thereto the following com-
ments are submitted on behalf of the Colorado River Board of Cali-
fornia.

REVIEW OF REPORT

The proposed report of the Secretary was reviewed in considerable
detail in this office, particularly with regard to the estimates of water
requirements and stream depletion, and the repayment of reimbursable
costs.
The regional director states that in addition to a supplemental

municipal water supply, the project would provide an average of about
15,900 acre-feet of water annually as a new irrigation supply. It is
indicated in the substantiating report by the Bureau of Reclamation
that the total depletion of Colorado River caused by the increased
municipal and irrigation water use and reservoir evaporation would
average 10,700 acre-feet a year. There is insufficient detail in the re-
port to substantiate either of these statements. Attempts to check
the figures given have been unsuccessful. The report should set forth
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in terms of diversions less returns to the river the total ultimate annual
beneficial consumptive use of water that would result from construc-
tion and operation of the project, with ample supporting detail.
There is insufficient evidence in the report to substantiate the esti-

mates of average annual commercial power that would be produced
by the two proposed hydroelectric plants. On the basis of the infor-
mation given it is questionable whether firm commercial power could
be developed in quantities sufficient to produce throughout the pro-
posed repayment period the average annual power revenues set up in
the report.
The evaluation of anticipated benefits that would accrue from the

Collbran project has not been studied in detail in this office since the
relation of estimated benefits to costs is not considered a proper cri-
terion upon which authorization of reclamation projects should be
predicated under existing law.
The repayment plan set up in the report would. not comply with the

provisions of existing reclamation law. It is proposed to extend the
pay-out periods permissible under present law and to divert a part of
the interest component of power revenues to repayment of capital
costs. Using the data in the report under review independent financial
analyses were made with the repayment periods as established by exist-
ing reclamation law and with interest on the municipal and power costs
considered as fixed charges to be paid as interest into the Federal
Treasury and not to be used a second time to repay capital costs. The
results indicate that with proper adjustment of municipal water
charges and power rates the reimbursable costs of the Collbran project
could be repaid in accordance with the terms of existing reclamation
law.

CONCLUDING COMMENTS

On the basis of the data in the report, much of which is not sub-
stantiated, the Collbran project appears to be a desirable improvement
for the reasons that—

(1) A supplemental municipal and domestic water supply is
greatly needed in the project area, particularly in Grand Valley;
(2) There appears to be a potential market for the electric

power that would be produced;
(3) A supplemental irrigation water supply would be beneficial

in the Plateau Valley;
(4) About 2,300 acres of new land could be brought under

irrigation.
Although there is some question regarding the quantities set forth

in the proposed report as the new water supply that would be made
available by the project and the net additional use of water that would
be caused thereby, it appears that the actual quantities resulting
from the project construction and operation as proposed would be
relatively small, and together with the ultimate requirements of
existing and authorized projects in the State of Colorado, would not
exceed that State's rightful share under the upper Colorado River
Basin compact of the beneficial consumptive use Df water apportioned
to the upper basin States by the Colorado River compact of 1922.
On the basis of incomplete data in the report it appears that the

reimbursable costs as allocated therein could and should be repaid
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within the periods specified by existing reclamation law, with interest
on municipal and power costs paid as such into the Federal Treasury
and with annual charges to the water and power users that would be
reasonable and within their ability to pay. It is recommended that
the repayment plan for the proposed project be revised accordingly.
Otherwise, the Colorado River Board of California could not approve
the project report, because of the proposed use of the interest on power
investment for repayment of capital costs and the unnecessary ex-
tention of the repayment period beyond that permitted by existing
law.

RAYMOND MATTHEW, Chief Engineer.

87297-51-2
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LETTER OF COMMENT FROM THE COLORADO WATER
CONSERVATION BOARD

COLORADO WATER CONSERVATION BOARD,
March 28, 1950.

E011. OSCAR L. CHAPMAN,
Secretary of the Interior, Department of Interior,

Washington, D. C.
DEAR MR. CHAPMAN: Enclosed herewith are four copies of the

,official comments of the State of Colorado concerning the Collbran
project, Colorado (Project Planning Report No. 4-8a. 5-2, of region 4,
Bureau of Reclamation, Departinent of the Interior, dated November,
1949).

Respectfully,
RAY E. PETERSON,
Administrative Assistant.
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REVIEW OF PROPOSED REPORT OF THE SECRETARY OF
THE INTERIOR ON COLLBRAN PROJECT

STATE OF COLORADO,
COLORADO WATER CONSERVATION BOARD,

Denver, Colo., March 27, 1950.
The SECRETARY OF THE INTERIOR.

SIR: On behalf of the State of Colorado, and pursuant to section 1
of the act of December 22, 1944 (58 Stat. 887), there are herewith
transmitted the comments, views, and recommendations of the State
of Colorado concerning Project Planning Report No. 4-8a.5-2 of
Region 4, Bureau of Reclamation, Department of the Interior, dated
November 1949, and entitled "Collbran Project, Colorado."
These comments, views, and recommendations are submitted under

the authority of chapter 265, Session Laws of Colorado of 1937,
creating the Colorado Water Conservation Board and defining its
functions„ and in accordance with the designation of such board by
the Governor, pursuant to section I of the act of December 22, 1944
(58 Stat. 887), as the official State agency to act in such matters.

SUMMARY OF COMMENTS, VIEWS, AND RECOMMENDATIONS

The comments, views, and recommendations of Colorado, submitted
herewith, are summarized as follows:
(1) Colorado has long considered as desirable a project which would

alleviate late-season water shortages on presently irrigated lands in
the Plateau Creek Valley in Colorado, and which would furnish
urgently needed domestic and municipal water supplies in the Grand
Valley area and for the city of Grand Junction, Colo. •
(2) Colorado concurs in the findings of the Project Planning Report

that the project therein described has engineering feasibility and will
furnish a supplemental irrigation supply for 18,340 acres of lands now
inadequately irrigated and a full irrigation supply for 2,310 acres of
lands not presently irrigated; and also will provide approximately
14,400 acre-feet of water annually for domestic, municipal, and power
supplies and the annual generation of 51,600,000 kilowatt-hours of
firm power together with 6,670,000 kilowatt-hours of secondary power.
The project plan includes the construction of a pipeline for conveying
municipal and domestic water from the potential lower power plant
near Cameo to an equalizing reservoir about 4 miles northeast of
Grand Junction, such equalizing reservoir to be built by the water
users. The ratio of benefits to cost, is favorable, being estimated in
the report as 2.34 to 1. It has also been estimated that municipal
and domestic users would amortize their allocation of capital costs,
amounting to $2,742,000, with 2 percent interest in a 60-year repay-
ment period, and pay their share of operation, maintenance, and re-

19



20 COLLBRAN PROJECT, COLORADO

placement costs. Irrigation users would be able to pay $20,000
annually for a 50-year period toward their allocation of capital costs
in addition to operation, maintenance, and replacement. Power
revenues are expected to pay powers full operation, maintenance, and
replacement costs, and its full allocation of capital cost, with 3 percent
interest, in 60 years.
(3) The allocation of capital costs, as between the various project

features, including a nonreimbursable allocation to fish and wildlife
preservation, is considered reasonable. Such allocation as stated in
the report is as follows:

Allocation of
Purpose: capital costs

Municipal and domestic use $2,742,000
Power production  6,313,000
Irrigation  3,987,000
Fish and wildlife preservation 257,000

Total 13, 299,000
(4) It is recognized that the allocation to the various project pur-

poses of annual operation, maintenance, and replacement costs has
been made to correspond to the allocation of capital cost. Such
annual costs are estimated in the report to amount to $108,800
annually and were allocated as follows:

Allocation of
annual operation,
maintenance,

and replacementPurpose: costs
Municipal and domestic use  $7, 800
Power production  80, 000
Irrigation  21, 000

Total  108, 800
Colorado recommends that an authorization of the project shall not

preclude a readjustment of operation, maintenance, and replacement
charges as between municipal and domestic users and power and irri-
gation users, which might more accurately reflect the actual use of
water by such users.
(5) It is also recommended that an authorization of the project

shall provide for the inclusion in the plan of a piped supply of do-
mestic and stock water in the Plateau Valley in lieu of the contem-
plated bypassing of natural flows in the stream channels, in the event
that further studies may indicate the feasibility of the inclusion of
such a feature in the project plan due to the increased power production
accruing from the utilization of the bypassed water in the power
system.
(6) There is an area situated below the potential power and do-

mestic pipeline, and lying between Mesa Creek and potential power
plant No. 2, to which no water is at present available. It has been
estimated that a small amount of water would make it possible to
keep 1,000 additional cattle in the area. Colorado therefore recom-
mends that consideration be given to the possibility of the release
from the pipeline of the relatively minor amounts which would be
required for such stock water.
(7) Colorado further recommends that the location of potential

power plant No. 2, as described in the report, be not considered as
limited by such description, and that further study is desirable to
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determine an elevation for this power plant which will be compatible
with the most economical plan for all uses.
(8) In the acquisition of water rights for the purposes of the project,

the view of the State of Colorado is that such water rights shall be
considered as junior to all present vested rights to the use of water
from the streams on which the project rights are to be acquired.
(9) Colorado strongly recommends, with regard to the project

features for the purpose of fish and wildlife preservation, that the
entire project area be open to free use of the public, with provisions
for access adequate for the recreational needs of the general public,
except for such portions as may be reserved for safety, or for the
efficient operation of the project.

DETAILED COMMENTS

There has been long-recognized need for additional water for
irrigation in the Plateau Valley. Natural stream flows in Plateau
Creek and tributaries are low in the late summer months, so that
supplemental water is a necessity for good growth of late summer and
fall pasture, and for increased yields of forage crops, essential to the
livestock industry predominating in the area. In all published and
unpublished reports on the utilization of the Colorado River and its
tributaries, this valley has been considered a critical area.
Coupled with this urgent need for irrigation water in Plateau Valley,

there is a desperate need for additional domestic water in the Grand
Valley, including both the rural and urban areas. The city of Grand
Junction is handicapped by a water system incapable of supplying
the present requirements and the needs of the immediate future.
The population of Grand Junction was 12,479 in 1940. The present
population is estimated at 18,500, and that of its metropolitan area
at more than 35,000. These estimates are based on increases in the
number of telephones and electric meters, building permits, postal
receipts, retail sales, and average number of manufacturing employees.
The use of uranium for the development of atomic energy and the

production of synthetic liquid fuels from oil-bearing shales have both
recently become of national importance and interest. The area
immediately southwest of Grand Junction contains one of the world's
largest known deposits of uranium-bearing ore. At present there are
about 1,500 persons, with an annual payroll of $700,000, employed
directly or indirectly in the production and processing of uranium
ores in the vicinity of Grand Junction, including 200 employees of the
Atomic Energy Commission. There are plans for the immediate
construction of a plant by Vitro Manufacturing Co., which will mean
the addition of 50 families to the area.
To the north of Grand Junction there are rich deposits of oil shale,

in quantity sufficient for a supply of liquid fuels for many years at the
present rate of national consumption. Extensive experimental work
by the Bureau of Mines, including a demonstration plant in operation
at Rifle, Colo., for the extraction of liquid fuels from shale, has already
accounted for a sbustantial increase in business in Grand Junction.
At the present rate of increase, the city's population should be

about 27,000 by 1959, and that of the metropolitan area should be
about 70,000.



22 COLLBRAN PROJECT, COLORADO

An extensive field of natural gas immediately north of Grand
Junction is being tested, and a dependable supply of gas would bring
new industries to the area. It is practically certain that a large
paper and pulp plant will be built east of Grand Junction in the near
future. Private enterprise is considering the institution of large-scale
production of liquid fuel from shale. All of these factors indicate
that the rate of increase in population may be much greater in the
immediate future than that which has been estimated under present
conditions.
The situation with respect to domestic and stock water supplies is

fully as critical in the rural and smaller urban areas of the Grand
Valley as in the city of Grand Junction. An adequate sanitary domestic
supply must be available to such areas in the immediate future.
Domestic water for more than 1,000 farm homes must now be hauled
from the supplies of the various municipalities and from artesian
wells and stored in cisterns at these homes. It is estimated that the
cost of hauling water to the rural users is over $2,000 per million
gallons. Further, the draft on the artesian wells and the low perme-
ability of the aquifers have contributed to a serious lowering of the
artesian head and of the yield of the wells. As a result, there is at
present a potential controversy over rights to the artesian water.
Local streams and ditches furnish fair supplies for stock water and
some domestic use in the summer months, but in the winter these
supplies are not available. The shallow ground water is of poor
quality, and even the streams and ditches are becoming of worse
quality yearly, with increased use for irrigation and industry.
The Collbran project would provide the most feasible means, as

determined by extensive studies for the reported plan, as well as of.
various alternative plans, for the alleviation of the present shortages
of late season water on the agricultural lands of the Plateau Valley
and for furnishing water supplies of high quality to meet present and
imminently potential demands of the farms, industries, and munic-
ipalities of the Grand Valley area.
The project would also furnish electric energy which would assist

in meeting the increasing demands for power in the area. The plan
provides for replacement storage capacity for water which is diverted
from the Plateau Valley streams for power, domestic, and municipal
purposes, in order that an adequate irrigation supply may be avail-
able to the agricultural users in that valley.
The project has been endorsed by the Plateau Valley Water Asso-

ciation, representing those users, the city of Grand Junction, and the
Clifton fire-protection district, representing domestic and municipal
users outside of Grand Junction. All groups have expressed their ex-
tremely urgent needs for additional water supplies.
As stated in the summary of views and comments, Colorado con-

siders the allocations of capital costs, as set forth in the report for the
various project features, to be reasonable and equitable. The allo-
cations of operation, maintenance, and replacement costs, as stated
in the report, have been made to correspond to the allocation of capi-
tal cost. This basis may not reflect accurately the proportionate
actual use as between the irrigation users and the domestic, municipal,
and power users. Further, as to the methods used in estimating the
repayment capacity of the irrigated lands, which were the farm-
budget method and the income-to-land method, the types of farms
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selected for the analyses are probably representative of average condi-
tions and practices in the project area. However, a considerable
acreage in the area consists of pasture-type lands presently being irri-
gated under junior priority rights. These lands may require a large
portion of project water in order to firm up the present inadequate
water supplies under those rights. Colorado therefore recommends
that an authorization of the project shall be made which will not pre-
yenta readjustment of operation, maintenance, and replacement costs
as between users,, and that further studies are essential for the deter-
mination of the repayment ability of such pasture-type lands, and
of allocations of such costs which will be considered equitable for all
project purposes.

It is also recommended that the possibility of furnishing a piped
domestic water supply to residents of the Plateau. Valley shall not be
considered as excluded from the project plan. Under the plan,
supplies for municipal, domestic, and power purposes are proposed to
be collected from Big Creek and Cottonwood Creek, which are tribu-
taries of Plateau Creek. The present practice of water users on those
streams is to utilize natural stream flow for domestic and stock pur-
poses. The report indicates that sufficient flow for those purposes is
proposed to be bypassed at the collection works during the winter
months. This bypassed flow will not then be available for the
generation of electric energy in the power system. An interest in a
piped supply of domestic and stock water has been expressed by these
water users, as it is apprehended that water flowing through the project
canal in the summer months will not be of a quality suitable for do-
mestic use, and icing conditions in the winter months will cause sub-
stantial loss of the bypassed flow to domestic, stock, and power users.
Further studies are desirable to determine the feasibility of applying
additional power revenues, due to the potential use of the bypassed
water through the proposed power plant No. 1, toward the cost of
construction of a stock and domestic water pipeline to distribute the
water from the power Plant to the users in the Plateau Valley.

Respectfully submitted.
LEE KNOUS,
Governor, State of Colorado.
CLIFFORD H. STONE,

Director, Colorado Water Conservation Board.
R. M. GILDERSLEEVE,

Chief Engineer, Colorado Water Conservation Board.
R. J. Tirrok,

Consulting Engineer, Colorado Water Conservation Board.

LETTER OF COMMENT FROM THE STATE ENGINEER OF THE
STATE OF NEW MEXICO

STATE OF NEW MEXICO,
OFFICE OF STATE ENGINEER,

Santa Fe, January 24, 1950.
SECRETARY OF THE INTERIOR,

Washington, D. C.
SIR: On January 9, 1950, we received the Bureau of Reclamation

report on the Collbran project in Colorado, which was prepared by
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region 4, Salt Lake City, Utah, in November 1949, and is designated
as Project Planning Report No. 4-8a.5-2.
In compliance with the provisions of the Flood Control Act of 1944

(58 Stat. 887) the State of New Mexico submits the following comment:
The above-mentioned report indicates that the Collbran project will

consume but a small portion of Colorado's allocation under the Upper
Colorado River Compact, that the project is feasible from an engineer-
ing standpoint, and that it can be constructed under existing reclama-
tion laws without help from the proposed Colorado River Develop-
ment Fund. New Mexico favors the authorization and constrUction
of the Collbran project.

Very truly yours,
JOHN H. BLISS,

State Engineer..

LETTER OF COMMENT FROM THE STATE ENGINEER,
STATE OF UTAH

MICHAEL W. STRAUS,
Commissioner, United States Department of the Interior,

Bureau of Reclamation, Washington 25, D. C.
MY DEAR COMMISSIONER STRAUS: Receipt of two copies of the

Bureau of Reclamation report relative "Collbran Project Colorado"
together with your letter of transmittal, addressed to me under date
of January 4, 1950, is acknowledged.
On behalf of the State of Utah, and pursuant to section 1 of the

act of December 22, 1944 (58 Stat. 887) you are informed that Utah
reports favorably relative its views and recommendations on the Coll-
bran project Colorado, identified as Region 4 Project Planning Report
No. 4-8a.5-2 and recommends its approval.

Respectfully,

THE STATE OF UTAH, •
OFFICE OF STATE ENGINEER,
Salt Lake City, January 18, 1950.

HAROLD A. LINKE, State engineer.

LETTER OF COMMENT FROM THE STATE ENGINEER,
STATE OF WYOMING

Mr. MICHAEL W. STRAUS,
Commissioner, bnited States Department of the Interior,

Bureau of Reclamation, Washington 25, D. C.
DEAR MR. STRAUS: This will acknowledge receipt of your letter of

January 4, 1950, accompanied by two copies of the report of the
Department of the Interior on the Collbran project in Colorado.

Agreeable to your request we have reviewed the above captioned
report, and offer the following comment thereon: It appears that the
project has engineering feasibility with a benefit-cost ratio of 2.34
to 1, and since the proposed depletion is well within the allocation of

STATE OF WYOMING,
STATE ENGINEER'S OFFICE,

Cheyenne, January 17, 1950.
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Colorado under the terms of the upper Colorado River compact, we
concur in the recommendations of the director of region No. 4 of the
Bureau of Reclamation.

Yours very truly,
L. C. BISHOP,

State Engineer and Interstate Streams Commissioner.
P. S. Copy No. 89 of the Collbran project report is being returned

to you, together with the twenty copies of the Colorado River report.
We have no need for more than one of the Collbran project reports
in our files.

L. C. B.

Mr. MICHAEL W. STRAUS,
Commissioner of Reclamation,

bnited States Department of the Interior,
Washington, D. C.

DEAR MR. STRAUS: With your letter of January 4, 1950, you trans-
mitted for review by the Department of Agriculture, copies of the
proposed report of the Department of the Interior on the Collbran
project, Colorado.
Your report in reality proposes two projects. One would supply

water to Grand Junction and environs for industrial, municipal, and
domestic use, with power production as an associated feature. The
other would provide a supplemental water supply for irrigation enter-
prises in Plateau Valley.
We are not prepared to comment on the municipal water supply

project. The policy question involved is, we understand, being con-
sidered by the President's Water Resources Policy Commission.
The project to increase the supply of irrigation water available to

farmers in Plateau Valley is of direct interest to the Department of
Agriculture and it has been examined rather carefully. We have
previously questioned the validity of certain assumptions upon which
the Bureau of Reclamation bases its estimates of benefits resulting
from irrigation projects. In particular we have questioned the esti-
mates of indirect benefits. Some of the questionable evaluation
procedures have been used in the present report, but we note that the
direct benefits appear to be large enough to cover the cost of the
project. It seems, therefore, that the proposal to furnish supple-
mental irrigation water to Plateau Valley is economically sound.
We suggest, however, that a separate evaluation of this project be
set out in the report.
We have also examined your estimates of the repayment ability of

the Plateau Valley farmers. It is our opinion that you are quite safe
in assuming that they can repay the amount proposed in your report.
Your report attaches great significance to the fact that the amount

of interest on the Federal investment in the power features of the
municipal water supply project will exceed the required Federal con

LETTER FROM THE DEPARTMENT OF AGRICULTURE TO THE
COMMISSIONER OF RECLAMATION

DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY,

Washington, April 26, 1950.
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tribution toward the cost of the irrigation project. It seems to us
that this is both unnecessary and confusing. If an irrigation project,
produces benefits in excess of its cost the Federal contribution neces-
sary to put it into effect will be a worth-while investment of public
funds. It should only be necessary, therefore, to (a) demonstrate
that the proposed irrigation project is economically sound; (b) show
how much the water users and other beneficiaries can and should
pay; and (c) recommend to the Congress that it authorize the appro-
priation of the difference between the amount to be paid by local
beneficiaries and the cost of the project. Whether the interest
component on a power investment is greater or less than this differ-
ence has no real bearing upon the justification or desirability of the
project, nor upon the amount that must be withdrawn from the
Treasury to construct it. We believe that it should be possible to
proceed with a good irrigation project even though it cannot be
combined with a power project.
We note the proposal to raise the Bonham Dam which is located in

the Grand Mesa National Forest. If this is done it would seem
desirable to provide for a roadway on its crest, and for the installation
of facilities necessary to the development of the recreational poten-
tialities of the lands surrounding the enlarged reservoir. We have no
specific suggestions to make at this time regarding other works that
you propose to construct in the national forest. You may be sure
that your regional office will have the full cooperation of the regional
office of the Forest Service in solving any problems that may arise as
the project goes forward.
We greatly appreciate the opportunity to review your report and

we shall be very happy to cooperate in any way that may be found
desirable in making a success of the irrigation project proposed
therein.

Sincerely,
K. T. HUTCHINSON, Assistant Secretary.

LETTER FROM DEPARTMENT OF COMMERCE TO THE
COMMISSIONER OF RECLAMATION

DEPARTMENT OF COMMERCE,
OFFICE OF DOMESTIC COMMERCE,
Washington 25, D. C., March 10, 1950.

Mr. MICHAEL W. STRAITS,
Commissioner, United States Department of Interior,

Bureau of Reclamation, Washington 25, D. C.
DEAR MR. STRAITS: Thank you for sending us your proposed report

on the Collbran project, Colorado. We are glad to have this infor-
mation, and understand that our field offices have no objections to the
proj ect.
The United States Coast and Geodetic Survey has the following

comments to make with reference to coordinating their services with
these project investigations. The comments are particularly ap-
plicable to future project investigations:
The various maps do not have meridians and parallels of latitude shown

thereon. Elevations are shown on some, but no indication is given that they
are expressed relative to mean sea level.
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Triangulation surveys and precise leveling related to the Federal network of
control surveys are essential for planning of large public works such as the Coll-
bran project, so that coordination may be obtained for the various engineering
surveys.
The United States Coast and Geodetic Survey provides these basic control

surveys providing we have information as to where they are needed. Such in-
formation should be available to us so that the funds may be obtained and field
surveys and office processing of survey notes completed sufficiently in advance
so that the resulting data will be available in the preliminary as well as the con-
struction phases of the project.

Sincerely yours,
H. B. McCoy,

Director.

LETTER FROM THE DEPARTMENT OF THE ARMY TO THE
COMMISSIONER OF RECLAMATION

DEPARTMENT OF THE ARMY,
OFFICE OF THE CHIEF OF ENGINEERS,

Washington, April 12, 1950.
Hon. MICHAEL W. STRAUS,

Commissioner, Bureau of Reclamation,
Department of the Interior, Washington, D. C.

DEAR MR. STRAUS: Reference is made to your letter of recent date
to the Secretary of the Army and to the Chief of Engineers inclosing
for the information and comment of the Department of the Army, in
accordance with section 1 of the Flood Control Act of 1944, copies of
your report dated December 9, 1949, on the Collbran project, Colorado.
On behalf of the Secretary of the Army, I am transmitting herewith
comments on the report.
Your report recommends a project to supply supplemental municipal

and domestic water for communities in Grand Valley, Colo., additional
water for irrigation in Plateau Valley, and electric energy for use in
west-central Colorado. The water for the Grand Valley communities
would be collected by eight small reservoirs emptying into a proposed
enlarged Bonham Reservoir on Big Creek and into Big Meadow Reser-
voir on Cottonwood Creek. These creeks are tributaries of Plateau
Creek which flows into Colorado River about 20 miles upstream from
Grand Junction, Colo. Water would be diverted from the afore-men
tioned reservoirs into a pipeline about 44 miles long. The reservoirs
are located at an elevation of 10,000 feet. A drop of 5,000 feet to the
valley floor would produce an estimated 51,600,000 kilowatt-hours
of firm and 6,670,000 kilowatt-hours of secondary power annually.
The cost of the improvements proposed is estimated at $13,299,000.
Your -report demonstrates the need for development of supple-

mentary water and power in this area. It is noted that the improve-
ments' proposed do not involve flood control or navigation. There-
fore I am pleased to advise you that the recommended project will
not conflict with improvements in the Colorado River Basin in which
this Department has interest.
The opportunity to review your report is appreciated.

Sincerely yours,
LEWIS A. PICK,

Major General, Chief of Engineers.

87297-51-3
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LETTER FROM FEDERAL POWER COMMISSION TO THE
COMMISSIONER OF RECLAMATION

FEdERAL POWER COMMISSION,
Washington 25, April 14, 1950.

Subject: Collbran project, Colorado.
Mr. MICHAEL W. STRATJS,

Commissioner, Bureau of Reclamation,
Department of the Interior, Washington 25 „D. C.

DEAR MR. STRAITS: The remarks herein with respect to the Depart-ment of the Interior's proposed report on the Collbran project, Colo-rado, are transmitted in response to your letter dated January 4,1950, in which the Commission's comments were requested. Trans-mitted with your letter were your report dated December 9, 1949,approved and adopted by the Secretary of the Interior on December30, 1949; and Project Planning Report No. 4-8a.5-2, consisting of theregional director's report dated November 18, 1949, and substantiatingmaterials. The transmittal of these comments is in accordance withthe established procedures of the Federal Interagency River BasinCommittee.
From a review of your report and from the results of studies by itsstaff, the Commission believes that the Collbran project, subject tocertain possible modifications, would provide adequately for theeconomic development of the water power resources available inconnection with the project. The details of the project and thespecific comments and suggestions of the Commission staff are dis-cussed in the following. n
The Collbran project is located in the Plateau and Grand Valleysat the base of Grand Mesa on the western slope of the ContinentalDivide in west-central Colorado on the Colorado River and in closeproximity thereto. The proposed plan would supply water neededin Grand and Plateau Valleys for irrigation and for municipal anddomestic use, through water exchanges and through storage regula-tion of the stream runoff tributary to Plateau Creek, and providefor the development of hydroelectric power. Under the plan a mini-mum continuous flow of 20 cubic feet per second would be divertedfrom the headwaters of Big and Cottonwood Creeks and conveyed bypipeline to an equalizing reservoir near Grand Junction, Colo., forindustrial and municipal use. • The diverted water would be used enroute at two proposed interconnected power plants developing a totalfall of about 5,000 feet. The two plants would have an aggregateinstalled capacity of 7,400 kilowatts capable of producing a total of58,270,000 kilowatt-hours of electric energy annually of which 51,600,-000 kilowatt-hours would be firm. As the water that would be di-verted is now used for irrigation in Plateau Valley, such water wouldbe replaced by surplus spring runoff from upper Plateau, Leon, andPark Creeks. This surplus water would be stored in the proposedVega Reservoir until need for irrigation. With regulation at VegaReservoir these streams would provide, in addition to the requiredreplacement, an average of about 15,900 acre-feet of water annuallyas a supplemental water supply for 18,340 acres of land in PlateauValley and a supply for 2,310 acres of new land.It is recommended in the report that the Collbran project beauthorized to be constructed, operated, and maintained by the
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Bureau of Reclamation; and that consideration be given in the future
to the inclusion of this project in any basin plan which may be devel-
oped in the upper Colorado River Basin.
The proposed Collbran project would consist of Vega Dam and

Reservoir on upper Plateau Creek with a total capacity, of 30,000
acre-feet, and the Leon Creek-Park Creek feeder canal to divert
flows of these two creeks into the reservoir; the Southside canal, 30
miles in length, extending from Vega Reservoir to project lands; the
enlargement of Bonham- Reservoir on Big Creek to a total capacity
of 6,300 acre-feet; the use of eight natural lakes in the headwaters of
Big and Cottonwood Creeks, with an aggregate usable storage capac-
ity of 3,830 aere-feet; two feeder canals in the headwaters of these
two creeks; a pipeline to convey a regulated flow of 20 cubic feet per
second from the headwaters of Big and Cottonwood Creeks to an
equalizing reservoir to be constructed by local interests for municipal
and domestic water supply purposes, at a site near Grand Junction,
Colo.; and, en route, the development of hydroelectric power at two
power plants to be constructed as a part of the project. It is esti-
mated in the report that the 20 cubic feet per second (13 million
gallons daily) would provide the needs for municipal and domestic
water supply until about the year 2000.
Power plant No. 1 would be located at Cottonwood Creek about

3.5 miles from Molina, Colo., and would have an installed generating
capacity of 5,000 kilowatts. Bonbam Reservoir would be utilized as
forebay storage in the operation of this plant, and a reinforced con-
crete afterbay with a capacity of 10 acre-feet would be constructed
at the tailrace of the plant, since no natural site is available. The
total fall between the Bonham Reservoir and the plant is 2,789 feet.
A minimum flow of 20 cubic feet per second in the pipeline and pen-
stock would be maintained throughout the year. Water diverted in
excess of 20 cubic feet per second, up to a maximum of 30 cubic feet
per second, would be utilized to generate secondary energy at plant
No. 1 and this excess flow would then be diverted from the afterbay
into the Southside canal for irrigation use. The average annual
generation of electric energy would amount to 37,270,000 kilowatt-
hours, of which 30,600,000 kilowatt-hours would be firm. The an-
nual load factor operation of the plant would be 85 and 70 percent
for average and dry year conditions, respectively.

iPower plant No. 2 would be located on the east bank of the Colorado
River near Cameo, Colo. It would have an installed generating
capacity of 2,400 kilowatts, and would operate at 100 percent load
factor. The plant would utilize a constant flow of 20 cubic feet per
second which would be conveyed from the afterbay of plant No. 1
through a 17-mile pipeline and a penstock to plant No. 2. The total
fall between the afterbay at plant No. 1 and the nozzle at plant No. 2
is 2,238 feet. No forebay or surge tank would be provided under the
project plan. Discharges from the power plant would flow through
a 13-mile pipeline to the terminal reservoir near Grand Junction.
The annual generation would amount to 21,000,000 kilowatt-hours,
all of which would be firm.
The capital cost of the Collbran project, on the basis of July 1948

prices, is estimated in the report as $13,299,000, allocated to the various
project purposes as follows:

•
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Municipal and domestic use $2, 742,000
Power production 6,313,000
Irrigation 3,987,000
Fish and wildlife preservation 

Total 

257,000

13,299,000

The allocation of $257,000 for fish and wildlife is proposed to be
n.onreim.bursable, and the remaining $13,042,000 is to be returned in
full to the United States. The cost of the equalizing reservoir near
Grand Junction, to be constructed by local interests, is not included
in the foregoing amounts. Operation, maintenance, and replacement
costs are estimated in the report to average $108,800 annually.
As proposed in the report of your Department, the repayment of

reimbursable costs would be made as follows: Municipal and industrial
water users would be required to repay their share of the construction
cost in 60 years with interest at 2 percent, a total of $78,880 annually,
in addition to their share of the annual operation, maintenance, and
replacement costs amounting to $7,800. Irrigation water users would
be required to repay $20,000 annually over a 50-year period, following
a 3-year development period, or a total of $1,000,000, in addition to
paying $21,000 annually as their share of the operation, maintenance,
and replacement costs. Power rates of 5.6 mills per kilowatt-hour
for firm energy and 3.0 mills per kilowatt-hour for nonfirm energy
would return $308,960 annually, which would pay the operation,
maintenance, and replacement cost of $80,000 per year chargeable to
power, return the capital costs allocated to power in 60 years with 3
percent interest, and provide a balance at the end of this period of
$139,000. The interest payments on the power investment, totaling
$7,285,600, would be used in part to repay that portion of the irrigation
allocation, amounting to $2,987,000 or about 40 percent of the total
power interest component, which is beyond the ability of the irrigation
water users to repay.
The average annual direct benefits are estimated in the report to be

$716,160, and the indirect benefits to be $412,340, aggregating
$1,128,500.
In contrast with the 50-year period for irrigation and the 60-year

period for municipal and industrial water and power, used in the
repayment analysis, a 100-year period has been used for the entire
project for purposes of benefit-cost analysis. The staff points out
that, at least with respect to power projects, experience has not
demonstrated that a period longer than 50 years for economic analyses
is justified. However, on the basis used in your report you have
estimated annual costs at $482,800, and using your estimated aggre-
gate direct and indirect benefits of $1,128,500 arrive at a benefit-cost
ratio of 2.34 to 1.00. The staff observes that if only the direct
benefits are used the ratio becomes 1.48 to 1.00, with the project still
remaining well justified.
The Com.mission staff's estimate of the value of the project power

on the basis .of a capacity value of $27.79 per kilowatt for capacity,
and 2.37 mills per kilowatt-hour for energy, amounts to $311,000 which
is in very close agreement with the expected power revenue of $308,960
per year, as given in your report.
The Commission staff's investigation of the feasibility of developing

power at the proposed Vega Reservoir and by utilizing the 800-foot
drop along the proposed Sov.thside canal indicates that neither of
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these potential power developments is economically feasible at this
time. The staff suggests, however, that if it is possible to do so with-
out additional expense the 800-foot drop be concentrated at one or
two locations along the canal to facilitate possible future power
development.
The staff advises that at power plant No. 1 the proposed installation

of 5,000 kilowatts is adequate on the basis of the assumed 30 cubic
feet per second maximum discharge and the proposed capacity of the
afterbay, and is in substantial agreement with the Bureau's estimate
of the amounts of firm and secondary energy available.
The staff is also in substantial agreement with respect to the

installed generating capacity of 2,400 kilowatts and the annual
output at power plant No. 2, if the plant is to be operated at 100
percent load factor as proposed in the report. The staff believes,
however, that it would be desirable, in utilizing the power in the area
load, to operate the plant at a substantially lower load factor, say
65 percent, requiring an installation of approximately 3,700 kilowatts.
Such enlargement would require a forebay at the end of the 17-mile
pipeline and near the head of the penstock, a somewhat larger pen-
stock, and a small afterbay to reregulate the variable discharges.
Even if the construction of an afterbay and the enlargement of the
installation may be impracticable the staff believes that the forebay
would substantially improve the operation of the 17-mile pipeline and
power plant and would be desirable and, therefore, merits further
investigation.
The staff is of the opinion that it would be desirable to enlarge the

17-mile pipeline between power plant No. 1 and the head of penstock
at plant No. 2 in order to assure the assumed capacity flow of 20 cubic
feet per second throughout at least the repayment period of 60 years.
Estimates by the staff of the friction loss in this pipeline, consisting of
13 miles of 30-inch and 4 miles of 22-inch-diameter welded steelpipe,
indicate that after 20 to 30 years of service, the loss due to detefiora-
tion and increased friction would exceed the available fall to the top
of penstock as shown on drawing No. 482—P-31 in the report. Either
an adjustment in the location and profile of the pipeline to increase
its gradient or larger diameters of pipe than those proposed would be
required to assure the desired capacity flow.
The opportunity to review and comment on the report of your

Department on the Collbran project, Colorado, is appreciated.
Sincerely yours,

NELSON LEE SMITH, Chairman.

PROPOSED REPORT OF THE BUREAU OF RECLAMATION

DEPARTMENT OF THE INTERIOR,
BUREAU OF RECLAMATION,

Washington, D. C., December 9, 1949.
The SECRETARY OF THE INTERIOR.
SIR: This is my proposed report on the potential Collbran project,

• in the Upper Colorado River Basin in Colorado. My report is based
on and includes the accompanying report of the regional director,
Salt Lake City, Utah, dated November 18, 1949.
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The Collbran project is located in the Plateau and Grand Valleys
at the base of Grand Mesa on the western slope of the Continental
Divide in west central Colorado. It would supply needed irrigation,
municipal, and domestic water, and electric energy.
Population pressure in the Plateau Valley has created an urgent

need for additional water for irrigation, but because of the costs in-
volved local interests cannot build the works needed to supply this
water. In Grand Valley existing municipal and industrial demands
are taxing the existing facilities to capacity. Domestic water for farm
homes throughout the area must be hauled long distances or be taken
from irrigation ditches. The latter source produces water of doubtful
potability. The normal growth of Grand Valley will soon increase the
demand for water beyond the physical capacity of existing works.
Power supplies in the area are already inadequate, and it is anticipated
that industrial development of oil-bearing shales, uranium ores, and
coal will aggravate the shortage.
The plan of development for the Collbran project provides for

diversion of a minimum 20 second-feet continuous flow from two Grand
Mesa streams, Big and Cottonwood Creeks, by a pipeline, which
would transport the water for industrial and municipal use, to an
equalizing reservoir near Grand Junction. The diverted water would
be used en route at two power plants to generate annually 51,600,000
kilowatt-hours of firm power and 6,670,000 kilowatt-hours of second-
ary power. Stream-flow regulation needed to accomplish this diver-
sion would be provided by enlarging Bonham Reservoir on Big Creek
and utilizing eight small natural lakes in the upper reaches of Big and
Cottonwood Creeks. As the water that would be diverted to Grand
Valley is now used for irrigation in Plateau Valley, it would be replaced
by surplus spring runoff from Upper Plateau, Leon and Park Creeks
that would be stored until needed in the potential Vega Reservoir.
With regulation at Vega Reservoir these streams would provide, in
addition to the required replacement, an average of about 15,900 acre-
feet of water annually as a new irrigation supply for 20,650 acres of
land in Plateau Valley, including 2,310 acres now idle for lack of
water and 18,340 acres inadequately irrigated.
The project plan includes provisions recommended by the Fish

and Wildlife Service to increase fish and wildlife values. Recreational
facilities recommended by the National Park Service would be pro-
vided to the maximum practicable extent after project construction.
Costs of recreational development are not included as a part of the
indicated construction cost. Silt and flood-control benefits from this
project are minor. The project does not involve stream-pollution
abatement, Indian lands, or navigation.

Rights to the use of the water required for the project could be
obtained in accordance with the Colorado State water law. The
project would consume less than 1 percent of the Colorado River
water, which, it is estimated, will be available for future development
in the State of Colorado under the terms of the Upper Colorado
River Basin Compact.
The estimated construction cost of the Collbran project is $13,-

299,000. Operation, maintenance, and replacement cost of the
project works are expected to average $108,800 annually. Based on
the annual benefits of the project accruing through the preservation
and propagation of fish and wildlife over the repayment period, a
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nonreimbursable- allocation of $257,000 is proposed in the report.
The remaining $13,042,000 would be reimbursable and would be
allocated as follows: irrigation, $3,987,000; power production,
$6,313,000; and municipal use, $2,742,000.
The reimbursable construction costs would be returned in full to

the United States. Irrigation-water users would be required to repay
$20,000 annually toward construction costs, in addition to paying
their share of operation, maintenance, and replacement costs. Over
the recommended 50-year repayment period, following a 3-year
development period, this would return $1,000,000. The balance of
the irrigation allocation would be assigned for repayment from the
interest component of the power revenues. Municipal and industrial-
water users would be required to repay their share of the construction
costs of the project in 60 years, with interest at 2 percent, a total of
$78,880 annually, in addition to paying their share of the operation,
maintenance, and replacement costs. This would return the munic-
ipal water allocation of $2,742,000 plus interest amounting to
$1,991,000.
Power rates of 5.6 mills per kilowatt-hour for firm energy and 3

mills for nonfirm energy would return $308,960 annually, which would

pay the. operation, maintenance, and replacement costs, and return
the capital costs allocated to power in 60 years, with 3 percent in-
terest, and provide a balance at the end of this period of $139,000.
The interest payments, amounting to $7,285,600, would be used in
part to repay that portion of the irrigation allocation which is beyond
the ability of the water users to repay.
It will probably be desirable at a future date to consolidate the

Collbran project in a basin plan for development of the Upper Colorado
River Basin.
I concur in and adopt the recommendations of the regional director

as set forth in paragraph 26 of his report.
I recommend that you approve and adopt this report as your pro-

posed report on the Collbran project and that you authorize me, in

your behalf, to transmit copies to the States of the Colorado River

Basin and to the Secretary of the Army in accordance with the

requirements of the Flood Control Act of 1944 (58 Stat. 887), to the

State of Colorado for the views and recommendations of the head

of the agency exercising administration over the wildlife resources of

the State of Colorado in accordance with provisions of the act of

August 14, 1946 (60 Stat. 1080), and to other interested Federal

agencies for their comments.
Respectfully,

MICHAEL W. STRAUS,
Commissioner.

Approved and adopted: December 30, 1949.
OSCAR L. CHAPMAN,

Secretary of the Interior.
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SUMMARY—COLLBRAN PROJECT
WATER SUPPLY

New irrigation water 
New municipal water (ultimate) 
Stream depletion:

Plateau Creek 
- Colorado River  ,

acre-feet _ _
do

do
do

Average
annual

quantities

15, 900
10, 300

21, 000
10, 700

IRRIGATED AREA

Lands receiving supplemental water acres_ _ 18,340
Lands receiving full water supply 

Total 

do 2,310

do_ 20,650

POWER
Installed capacity kilowatts_ _ 7,400
Annual generation:

Firm power 
Nonfirm power 

Total 

kilowatt-hours_ _ 51,
do 6,

600,
670,

000
000

do 58,270,000

COSTS AND PAYMENT

Net revenues
Purpose served Cost alio-

cation

Payment
period
(years)

available in
payment
period

Irrigation $3, 987,000 50 $1, 000,000
Municipal use 2, 742,000 60 14, 733,000
Power 6, 313, 000 60 2 13, 737,600
Fish and wildlife 257,000 (3)

Total 13, 299, 000  4 19, 470, 600

1 Based on annual payment of $78,880, required to retire municipal allocation in 60 years at 2 percent in-
terest.
2 Based on firm power rate of 5.6 mills a kilowatt-hour and nonfirm rate of 3 mills, required to retire power

allocation in 60 years at 3 percent interest.
3 Fish and wildlife allocation considered nonreimbursable.
Returns to Federal Treasury during payment period would exceed project costs, except nonreimbursable

costs allocated to fish and wildlife, by $6,428,600.

Benefit-cost ratio, 2.34 to 1

87297-5 1--- 4
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SUBSTANTIATING REPORT OF POTENTIAL
COLLBRAN REPORT, COLORADO

'To: Commissioner.
From: Regional director.
Subject: Report on Collbran project, Colorado.

1. This letter is submitted as my report on the potential Collbran
project in west-central Colorado, planned as part of the Colorado
River Basin development to supply needed irrigation, municipal, and
.domestic water and electric energy. Substantiating materials on
which the report is based, including detailed reports of the Bureau of
_Reclamation, Fish and Wildlife Service, and National Park Service,
.are appended.

2. 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,
particularly the Boulder Canyon Project Act (45 Stat. 1057) and the
Boulder Canyon Project Adjustment Act (54 Stat. 744).

-UNITED STATES DEPARTMENT OF THE INTERIOR,
BUREAU OF RECLAMATION,

REGION 4,
Salt Lake City 8, Utah, November 18, 1949.

NEED FOR DEVELOPMENT

3. Plateau Valley at the base of Grand Mesa on the western slope
.of the Continental Divide is in urgent need of additional water for
irrigation. As the population pressure has increased the average farm
unit has decreased in area and now some units are too small for eco-
nomic operation. Land characteristics of the valley and its cool
-climate are ideally suited for the production of livestock feed, but
the lack of late summer water results in low farm yields and immature
•crops and leaves the pastures practically useless after midsummer.
Works to supply the needed irrigation water cannot be constructed
by local interests because of the costs involved.
4. Grand Valley, lying along the Colorado River west of Plateau

urgently needs additional water for industrial and municipal
development and rural domestic use. The municipal water system
of Grand Junction, principal city of the valley, is taxed to capacity
and has no reserve to meet increasing demands. Domestic water
for farm homes throughout the valley must be hauled long distances
and stored in cisterns or taken as needed from irrigation ditches.
It is becoming progressively more difficult to obtain even this un-
satisfactory supply as the rural population is increasing and the
stream flow of the area is becoming more and more polluted from
intensified use. Present industrial demands for water in Grand
-Valley are met with difficulty. Increased demands for municipal and
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industrial water are anticipated for normal growth and for probable
accelerated growth resulting from the development of nearby mineral
deposits, including oil-bearing shales, uranium ores, and coal. These
and other anticipated developments will require additional power
supplies.

PLAN OF DEVELOPMENT •

5. The Collbran project would provide the water needed in Grand
and Plateau Valleys through water exchanges and through storage
regulation of the stream runoff tributary to Plateau Creek on, the
northern slope of Grand Mesa. It also would provide electric energy
for use in west-central Colorado. The project plan includes provisions
recommended by the Fish and Wildlife Service to increase fish and
wildlife values. Recreational facilities recommended by the National
Park Service would be provided after project construction so far as
such facilities could be constructed consonant with the use of project
water for domestic purposes. The facilities recommended are not
included as part of the project plan and their costs are not included.
in the estimated project costs as recreational development would be
dependent on limitations imposed in the interests of public health by
domestic water users and various agencies. The estimated costs of
recreational development and the benefits that would result if the
facilities were constructed have been considered, however, in the
comparison of project benefits and costs. The project would only
slightly affect silt and flood control. It would not involve stream
pollution abatement, Indian lands or navigation.

6. Runoff of two of the Grand Mesa streams, Big and Cottonwood
Creeks, would be diverted by pipeline as a supplemental municipal
and domestic water supply for Grand Valley. This water would be
utilized in its steep drop to the valley from its origin on the mesa
slopes to produce approximately 51,600,000 kilowatt-hours of firm
power and 6,670,000 kilowatt-hours of nonfirm power annually. A
minimum flow in the pipeline of 20 second-feet would be maintained
throughout the year by storage regulation in the Bonham Reservoir
on Big Creek and eight small natural lakes on the upper reaches of
Big and Cottonwood Creeks. As the water that would be diverted
to Grand Valley is presently used for irrigation in Plateau Valley,
it would be replaced with surplus spring runoff from upper Plateau,
Leon, and Park Creeks that would be stored until needed at the
potential Vega Reservoir. With regulation at Vega Reservoir these
streams also would provide an average of about 15,900 acre-feet of
water annually as a new irrigation supply for 20,650 acres of land in,
Plateau Valley, including 2,310 acres now idle for lack of water and
18,340 acres inadequately irrigated. All the lands served by these
streams would be assured adequate late-season water with only
moderate shortages in years of extreme drought.

7. Bonham Reservoir on Big Creek, chief storage feature for munici-
pal and power supplies, would be enlarged to a capacity of 6,300 acre-
feet, almost six times its present capacity. The eight natural lakes,
having a total capacity of 3,830 acre-feet, would continue to be utilized
without further development under the project. The water supply
for the power and municipal system would be collected from the Big
and Cottcowood Creek watersheds by two canals that would be
constructed as project features the East For} i feeder canal of 30
second-foot capacity and 1.1 miles in length and the Cottonwood
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feeder canal of 15 second-foot capacity and 2.1 miles in length. The
pipeline that would be constructed to convey the water from the
reservoirs to the valley would be approximately 44 miles in length.
It would receive water from Bonham Reservoir and from Big Meadows
Reservoir, one of the small natural lake basins on Cottonwood Creek.
Two interconnected power plants would be constructed along the
pipeline course—the upper one near Molina of 5,000-kilowatt capacity
and the lower one near Cameo of 2,400-kilowatt capacity. Power
supplies would be delivered near the Cameo power plant for distribu-
tion. Municipal water would be delivered to an equalizing reservoir
that would be constructed by the water users about 4 miles northeast
of Grand Junction.

8. Vega Reservoir on Plateau Creek, chief project feature for irriga-
tion development, would be built to a total capacity of 30,000 acre-
feet. . It would be created by construction of Vega Dam, a rolled
earth- and rock-fill structure, 140 feet in height and 1,765 feet in
length at the crest. A feeder canal of 200 second-foot capacity and
a little more than 2 miles in length would be constructed to convey
flows of Leon and Park Creeks to the reservoir. The Southside Canal,
30 miles in length and with a diversion capacity of 225 second-feet,
would be constructed to convey the water from the reservoir to the
project lands.

9. The Collbran project would consume only about one-half of 1
percent of the upper Colorado River Basin water allocated to the
State of Colorado for future development under the terms of the
upper Colorado River Basin compact. Rights to the use of the
water required for the project could be obtained in accordance with
the Colorado State water law.

COSTS AND COST ALLOCATIONS

10. Estimated capital costs of the project features that would be
undertaken by the Federal Government are listed in the tabulation
following on this page. The estimates include costs of necessary
lands or interests in lands and miscellaneous cost items. Costs are
estimated at July 1948 prices which are essentially the same as
prices of October 1949.

Estimated capital costs

Vega Dam and road relocation $2,605,000
Leon-Park feeder canal 337,000
Bonham Dam and appurtenant works 1,787,000
East Fork feeder canal 27,000
Cottonwood feeder canal 63,000
Southside canal 1,864,000
Pipeline and penstock 3,537,000
Power plants and appurtenant works 1,511,000
Service roads for power and domestic features 23,000
Fish screens 3,000
Investigations and surveys (reimbursable funds) 28,000
Operating equipment and operation and maintenance during con-

struction 45,000
Undistributed engineering and overhead 353,000

Subtotal 12, 183,000
Valley pipeline below power plant No 2 1 1, 116,000

Total 13,299,000
I Costs based on estimates prepared by R. J. Tipton and Associates, engineering firm of Denver, acting

in the interests of the city of Grand Junction.
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11. Capital costs of project features have been allocated to the
various project purposes by averaging the results of the priority-of-use
and alternative-justifiable-expenditure methods. Every purpose of
the development would be charged no more than the value of the
benefits it would receive and less than the cost of the same benefits
under the cheapest alternative development. The allocations made
are as follows:

Allocation of capital costs

Municipal and domestic use $2,'742,ooa
Power production 6,313,000
Irrigation 3,987,000
Fish and wildlife preservation 257, ooa

Total 13,299,000

12. Operation, maintenance, and replacement costs of the project
works are expected to average $108,800 annually over a 60-year
period. Of this amount, an estimated $78,500 would be required for
general operation and maintenance of project works. The remaining
$30,300 would be required for replacements. The portion of thee
costs required for power facilities was based on July 1948 prices.
The remaining costs were estimated from average 1939-44 prices.

13. Operation, maintenance, and replacement costs have 'been allo-
cated to the various project purposes by the priority-of-use method.
These allocations are given in the following tabulation:

Allocation of annual operation, maintenance, and replacement costs

Municipal and domestic use  87,800'
Power production  80,000
Irrigation 21,000

Total  108, soa

REPAYMENT

14. Capital costs allocated to irrigation, power, and municipal
water would be reimbursable. These costs could be repaid from power
and municipal water revenues over a 60-year period and from irrigation
payments over a 50-year period. These reimbursement periods are
considered to be appropriate for the Collbran project. Reimburse-
ment periods of the same duration will be proposed for projects in
the Upper Colorado River Basin that would be aided by revenues of
the Colorado River storage project. Subject to approval by the
Secretary of the Interior, capital costs allocated to fish and wildlife
preservation would be nonreimbursable. If, however, reimbursement
of these costs is required, allocations to irrigation, power, and municipal
water would be ,increased slightly but not enough to lengthen the
payment periods. Payment of project costs could best be made
through a water-conservancy district since such a district could levy
assessments on both the project lands and the municipalities and
industries served.

15. Municipal and domestic users would be required to pay $86,680)
annually for 60 years to amortize their allocation of capital costs with
2-percent interest and to pay their share of operation, maintenance,.
and replacement costs. The interest component, amounting to
$1,991,000 in 60 years, would be paid to the United States Treasury.
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16. Rates of 5.6 mills a kilowatt-hour for firm energy and of 3 mills
a kilowatt-hour for nonfirm energy would be established for the sale
of power. Revenues accruing at these rates, which would total
$308,960 annually, would pay power's full operation, maintenance,
and replacement costs and in 60 years would pay its full allocation
of capital costs with 3 percent interest and provide a balance of
$139,000. The interest component amounting to $7,285,600 in 60
years would be used in part to assist in payment of the irrigation
allocation. Should firm power be sold for 6 mills a kilowatt-hour
for the first 6 years of project operation and 5.5 mills thereafter, pay-
ment of the power allocation could also be made in 60 years. If all
firm power were sold at 5.5 mills, however, 64 years would be required
for payment.

17. A 3-year development period would be desirable after the first
delivery of project water for irrigation, during which the irrigators
would be assessed only the costs of operation, maintenance, and
replacements and would pay nothing on capital costs. In this period
they could fully prepare and improve their lands for project operation.
After the development period the irrigators would pay $20,000 annu-
ally toward capital costs. In 50 years this would retire $1,000,000 of
the irrigation allocation. Payment of the remaining $2,987,000 would
require 41 percent of the interest component on the power allocation.
If the payment period for irrigation were limited to 40 years, assistance
in the amount of $3,187,000 or 44 percent of the interest component
on power would be required.

18. It will probably be desirable at a future date to consolidate
the Collbran project power system with other potential Federal
power developments of the Colorado River storage project. An
interconnection between the Collbran power plants and these other
plants in the Upper Colorado River Basin would permit maximum
flexibility of operation and maximum utilization of available water.
Such a combination would also permit the pooling of financial opera-
tions resulting in a. uniform power rate throughout the basin.

ANNUAL BENEFITS

19. Measurable benefits of the project are expected to average
$1,128,500 annually, of which $716,160 would be direct benefits and
the remaining $412,340 would be derived indirectly from the project
as a result of its stimulation on business and industry. Numerous
other benefits of an intangible nature would result from the project.

20. The estimated direct benefit of $716,160 annually would be
comprised of the following items:
Irrigation (increased crop and livestock production) $178,800
Power production (gross revenues from sale of power) 
Domestic and municipal water (estimated cost of cheapest alternative

equivalent supply) 

308,

203,

960

500
Fish and wildlife preservation 
Recreation (should facilities recommended by National Park Service be

constructed) 

9,

15,

300

600

Total 716,160
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21. The expected indirect annual benefit of $412,340 would be
derived from the following items:
Irrigation (off-the-farm transportation and processing of increased agri-

cultural products, and increased local sales of goods and services)___ $160, 600
Power production (savings in power production costs and increased

value of goods and services produced by utilization of power)  251, 740

Total   412,340

COMPARISON OF BENEFITS AND COSTS

22. The benefits of the development would compare with the attend-
ant Federal costs in a ratio of 2.34 to 1, indicating that an increase in
economic value of approximately $2.34 would result from each Federal
dollar expended. This relationship indicates the degree of the proj-
ect's economic justification. The ratio was determined by comparison
of the annual benefits, estimated at $1,128,500 on the basis of average
prices for the period 1939-44, and the annual equivalent costs, esti-
mated at $482,800 with construction costs based on the much higher
prices of July 1948. Actually the benefit-cost ratio may change,
depending on the relationship between prices at the time of construc-
tion and average prices prevailing through the useful life of the project.

23. For a determination of the annual equivalent cost the project
life was assumed to be 100 years. The costs thus computed include
$364,700 for amortization of total capital costs at 2.5 percent interest
with allowances for salvage values and for interest costs during con-
struction. The annual costs also include $118,100 for operation, main-
tenance, and replacement costs with the allowance for replacements
serving as a sinking fund at 2.5 percent interest. Capital costs of
$179,300 that would be required for construction of recreational
facilities were included in the analysis, and allowance was made for
operation, maintenance, and replacements of such facilities. Indirect
private capital costs that would be incurred with the development,
such as increased annual investments in labor and equipment, were
not included in the analysis as these would be more than offset by the
project's intangible benefits.

COOPERATION AND ACKNOWLEDGMENTS

24. The Fish and Wildlife Service and the National Park Service
participated in the investigations with the Bureau of Reclamation as
a part of the general interagency cooperation in the river-basin-studies
program, and their reports are included in the substantiating materials
to this report. The proposed report was transmitted for review by
the regional offices of the Department of the Army, Federal Power Com-
mission, Department of Agriculture, and Department of Commerce
in accordance with the policies and procedures established by the
Federal Interagency River Basin Committee for distribution and
coordination of reports at regional level. The report has also been
reviewed by the Fish and Wildlife Service, Bureau of Indian Affairs,
National Park Service, Geological Survey, and the Bureau of Mines
in the Department of the Interior, and by the Colorado Water Con-
servation Board of the State of Colorado. The comments received
have been considered in preparing the final draft of the report. In
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addition, a number of these Federal agencies, as well as num
erous

State and local agencies, assisted in the course of the investig
ations

with helpful information and data.

CONCLUSIONS

25. The Collbran project as outlined in this report has engine
ering

feasibility, and its total cost could be retired by the irrigators
' paying

for 50 years and municipal water users and power users payin
g for 60

years. The project benefits would compare with the costs in a ratio

of 2.34 to 1. Local and State officials desire the project as planned.

Water rights adequate for the project could be acquired.

RECOMMENDATIONS

26. It is recommended-
1. That the plan of development as described in this report

 be

approved.
2. That the project features listed in paragraph 10 hereof a

nd

such related works as may be incidental thereto, constitut
ing the

Collbran project in the Colorado River Basin in Colora
do, be

authorized to be constructed, operated, and maintained 
by the

Bureau of Reclamation in accordance with Federal rec
lamation

law, act of June 17, 1902 (32 Stat. 388), and acts a
mendatory

thereof or supplementary thereto, except as to repaym
ent period,

and substantially in accordance with the plans set for
th in the

report, with such modifications, omissions, or addition
s to the

works as the Commissioner of Reclamation, with appr
oval of the

Secretary of the Interior, may find proper and necessa
ry to meet

unforeseen physical or economic conditions.
3. That consideration be given in the future to the 

inclusion

of this project in any basin plan which may be devel
oped in the

upper Colorado River Basin. E. 0. LARSON.
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CHAPTER I

GENERAL DISCUSSIONS

The Collbran project plan is the result of extensive investigations
'conducted by the Bureau of Reclamation to find the means of most
beneficially utilizing the limited water resources of the north slope of
Grand Mesa in west-central Colorado. The methods used in the
Bureau's investigations, the bases of the analyses made, and the con-
clusions reached are presented in the following chapters in order to
_permit a thorough appraisal of the plan developed.

PROJECT PLAN

The project plan is to control by storage runoff tributary to Plateau
Creek on the north slope of Grand Mesa in order to meet the area's
pressing needs for irrigation, municipal, and domestic water and elec-
tric energy.

Surplus runoff of Leon and Park Creeks would be diverted by a
-feeder canal to Plateau Creek. This runoff and runoff of upper Plat-
eau Creek would be stored until needed at the Vega site where a reser-
voir of 30,000 acre-foot capacity would be constructed. The wafer
would be utilized for irrigation in the long valley formed at the base of
the mesa by Plateau Creek. It would provide supplemental irrigation
for 18,340 acres and a full irrigation supply for 2,310 acres. The water
would be distributed to the lands through the Southside Canal that
would extend from Vega Reservoir 30 miles west to a point 4% miles
southwest of the town of Mesa.
The water of Big and Cottonwood Creeks would be utilized for

municipal and domestic purposes in Grand Valley, which lies along the
'Colorado River west of, and approximately 5,000 feet below, the
streams' origin. In its drop down the mesa slopes to the valley, the
water would be utilized for production of electric energy. An ade-
quate water supply for the winter months would be provided through
storage of surplus spring and summer runoff in regulatory reservoirs.
Primary regulation of Big Creek flows would be provided by Bonham
Reservoir which would receive natural runoff and also some storage
releases from four small reservoirs at higher elevations on the stream
system. This reservoir would be fed through natural tributary chan-
nels and through the East Fork feeder canal that would be constructed
as a project feature. Primary regulation of water from the Cotton-
wood Creek watershed would be, provided at the existing Big Meadows
Reservoir. This reservoir also would receive natural runoff as well as
storage releases from three small reservoirs at higher elevations on the
Cottonwood Creek system. It would be fed through natural tributary
channels and through the Cottonwood feeder canal that also would be
constructed as a project feature. All of the reservoirs are natural lake
basins, and with the exception of the Bonham, could be used without
further development under the project. The Bonham Reservoir, how-

53
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ever, would be enlarged from its present capacity of 1,070 acre-feet to
a capacity of 6,300 acre-feet. The other eight reservoirs have a com-
bined capacity of 3,830 acre-feet.

Releases from the Bonham Reservoir and the Big Meadows Reser-
voir would be made in separate conduits that would join at a point
about 4% miles northwest of Bonham Reservoir. A single conduit 26
miles long would then carry the water to the head of Grand Valley
with penstocks conveying the flow down the steep mesa slopes. En
route to the valley the water would be utilized for power generation at
a plant of 5,000-kilowatt capacity that would be installed southeast of
the town of Molina. Releases from this plant would be reregulated
in an afterbay reservoir, and the water would then be conveyed for
additional power production to a plant of 2,400-kilowatt capacity that
would be constructed northeast of the town of Palisade. When re-
leased from the second plant, the water would be conveyed about 13
miles by pipeline to an equalizing reservoir that would be constructed
near Grand Junction by the users of domestic and municipal water.
Construction of distribution lines, water-filtration plant, and purifica-
tion works would also be accomplished by the users of such water and
would not be included in the project.
Water that would be diverted to Grand Valley for power and do-

mestic use is presently used for irrigation in Plateau Valley. It would
be necessary, therefore, to replace all such diversions made adversely
to the present users. Full replacement would be made from water
provided by storage of surplus runoff of Plateau, Leon, and Park
Creeks at the Vega Reservoir. Surplus water from Big and Cotton-
wood Creeks not required for domestic use in Grand Valley would be
utilized to generate nonfirm energy at the power plant near Molina.
Water thus used would be released from the power plant for irrigation
use in Plateau Valley and would not require replacement.
Alternative plans
Other possibilities for development of irrigation in Plateau Valley

have been considered, but the plan of development as presented in this
report was found to be the most feasible. Other storage possibilities,
such as increasing the capacity of Grand Mesa Reservoirs tributary to
Plateau Creek, are costly compared with storage at the Vega site.
Storage on Buzzard Creek would not only be more costly than Vega
storage but would be limited by available water.

Other plans considered in providing additional water for municipal
and domestic use in Grand Valley were the pumping of water from the
mouth of Plateau Creek to a treatment plant near Palisade, the pump-
ing of water directly from the Colorado or Gunnison River, and de-
velopment of new storage on the Kannah Creek watershed. Further
large storage on Kannah Creek beyond that now planned would be un-
economical because of the excessive cost of required storage. Water
pumped from the Colorado or Gunnison River near Grand Junction
would be extremely hard during certain periods of the year and would
require costly treatment before it would be suitable for domestic use.
The pumping of water from the mount of Plateau Creek would entail
high pumping costs and special treatment because of the poor quality
of water. For these reasons water developed from these sources would
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be more costly than that which would be developed.under the Collbran
project.

PHYSICAL GEOGRAPHY

The Collbran project area, located in Mesa County, Colo., about
170 miles west of Denver, is bordered on the north by the Bookcliff
Range and on the south and west by the Grand Mesa and Uncom-
pahgre Plateau. Grand Mesa jutting from the west slope of the
Continental Divide is the principal landmark of the region and rises
to an elevation of 10,300 feet. Its northern slope is dotted with many
small natural lakes, and it is drained by numerous streams, several of
which would contribute directly to the project water supply. The
streams all are tributary to the larger Plateau Creek, in turn tributary
to the Colorado River.

Plateau Creek flows westward from its origin on the northwest
slopes of Grand Mesa to its confluence with the Colorado River near
Cameo, Colo. In its course it forms Plateau Valley where the lands
to be irrigated under the project are located. The valley is approx-
imately 20 miles long and from less than a mile to 8 miles wide. It
lies from 5,500 to 7,000 feet above sea level. The project lands are
south of the creek and extend in a narrow, discontinuous strip the full
length of the valley. Principal towns in the valley are Collbran,
Molina, and Mesa.
Grand Valley northwest of the mesa is traversed by the Colorado

River in its course westward into Utah from its source on the western
slope of the Continental Divide. The river enters the valley a short
distance above the town of Palisade and flows west to join the Gunni-
son River at Grand Junction, then northwest through the valley. The
valley is approximately 41 miles in length. It ranges from 4,500 to
4,850 feet above sea level. Principal settlements in the area are
Grand Junction, Palisade, and Fruita.

Climate
The climate of the project area 'is of temperate, semiarid character.

The average relative humidity of the region as determined by a
weather station at Grand Junction is only 39 percent. There is a
marked difference in temperature and precipitation between Plateau
and Grand Valleys as a result of the wide difference in altitude and
exposure to storm fronts. The mean annual temperature at Collbran
is 45.7°. At Grand Junction it is 52.7°. Average annual precipita-
tion at Collbran is 15.6 inches and at Grand Junction it is 8.7 inches.
Table 1 gives a summary of precipitation and temperature data

collected over a period of years at Weather Bureau stations maintained
at Collbran and Grand Junction.
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TABLE 1.-Climatic data
•

Month

Grand Junction 1 (elevation 4,600) Collbran 2 (elevation 6,200)

Mean
precip-
itation
(inches)

Temperature F.
Mean.
precip-
itation
(inches)

Temperature F.

Mean
for 55
years

Maxi-
mum on
record

Mini-
mum on
record

Mean
for 46
years

Maxi-
mum on
record

Mini-
mum on
record

January .56 26.0 62 -19 1.16 22.0 56 _26:
February .61 33. 5 70 -21 1.20 27.7 62 -30
March .79 43.3 81 5 1.59 36.2 77 -12
April .77 52. 6 87 14 1.64 45. 7 83 1
May .77 61.6 94 29 1.42 54.0 87 14
June .41 71. 9 104 35 .78 62.5 97 28,
July .66 78.0 105 47 1.18 68.6 99 31
August 1.09 75.6 103 45 1.49 66.7 100 34
September . 97 66. 7 98 28 1. 58 58. 7 96 22"
October  . 90 53.8 86 16 1.45 47. 4 88 7"
November .59 40. 1 74 3 1.01 35. 2 68 -10-
December .58 28.3 66 -21 1. 10 24. 1 58 -30"

Annual 8. 70 52. 7 105 -21 15. 60 45.7 100 -30"

1 Weather Bureau record 1892 to 1946, inclusive.
2 Weather Bureau record 1901 to 1946, inclusive.

Daytime temperatures in Plateau Valley generally range from 800.
to 900 during July and August. The mean of 66° to 69° for these
months results from the cool summer nights. The highest recorded
temperature is 1000 and the lowest 300 below zero. For Grand Junc-
tion the daytime temperatures average 90° during July and August,
while the mean minimum for these months is 63°. The highest
recorded temperature was 1050 and the lowest 210 below zero. .
The climate of Grand Valley is satisfactory for the diversified farm-

ing practiced within the region. The area has a long growing season_
with a mean annual frost-free period of 189 days. Collbran, typical
of Plateau Valley, is higher in elevation than Grand Valley and has
a mean annual frost-free period of only 126 days, extending on an
average from May 24 to September 27. The average growing season.
at Collbran is somewhat longer than the frost-free period, extending
156 days from May 5 to October 7. The colder climate and shorter
growing season in Plateau Valley limit farming to the more hardy
varieties of irrigated crops. Dry farming has been tried in the valley
but has not been successfUl because of the limited precipitation dur-
ing the growing season, which averages only 6.45 inches or about 41
percent of the total annual precipitation.

SETTLEMENT
History of settlement

Mining led to the early settlement of western Colorado and brought
the area's first railroad service. The lower section of west-central
Colorado, including all of Mesa County, was originally inhabited by
the Ute Indians. Early efforts by the white settlers to inhabit the
area were retarded by hostile Indians until a compromise agreement
between the United States Government and the Ute Indians was
reached on September 4, 1881. The agreement provided that the
Indians leave this area and locate on the Uintah Indian Reservation
in the Terrikory of Utah. Settlers exploring western Colorado had
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been advised of the pending negotiations with the Indians, and the
agreement had hardly been completed before a large number of whites
moved into the area from towns of eastern Colorado and. from other
States. The location of Grand Junction was selected as a town site
in. the fall of 1881 and was registered at the land office in Leadville
the following year.

Plateau Valley likewise was settled in the fall of 1881. The first
settlers comprised a small company from South Park, Colo. They
entered the valley over the White River Indian Trail leading from
Delta, Colo., across the top of Grand Mesa and descended the north
slope of the mesa to what is known as the Meadows on Plateau Creek.
This spot is the site of the potential Vega Reservoir. In the early
spring of 1882, the company moved lower down the valley and settled
at the present site of Collbran. Later in the year a small herd of
cattle was trailed into the valley from Greenriver, Utah. Thus the
cattle industry of Plateau Valley was started. Extensive summer
grazing in the mountains to the south and east .of Plateau Valley and
desert winter grazing lands to the west presented a favorable situation
for stock raising and brought about a rapid expansion in the industry.
With the introduction of irrigation, permitting the production of winter
feeds for livestock, settlement of the valley progressed rapidly until
1890. Further settlement since that time has been slow, as expansion
of irrigation requires the development of costly reservoir storage to
provide water during the late summer months.
Population
Census records for 1920, 1930, and 1940, showing the total town

and farm population of Plateau Valley, are summarized in table 2.

TABLE 2.—Plateau Valley population

Community

Population

1920 1930 1940

Collbran 1,173 1,122 1,121
Mesa 544 473 490
Molina 382 324 265

Total 2,099 1,919 1,876

The entire population of Plateau Valley is white and predominantly-
of English, Scotch, and Scandinavian descent. The people are indus-
trious and thrifty, and all are engaged in farming, livestock raising,
and supporting trades. Population trends, therefore, are directly-
affected by farm and livestock development. The decrease in popula-
tion (8.6 percent) between 1920 and 1930, indicated in table 2, resulted
from the failure of a small irrigation project and the subsequent
unsuccessful attempt of the farmers to dry-farm the lands that were
to have been irrigated by the project. The population since that time
has remained relatively constant, as no further irrigation development
has been undertaken in the valley. Many of the younger, generation
have left the area to seek employment elsewhere. The static nature of
the agricultural industry has discouraged the establishment of new
homes in the locality.
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Census records for 1920, 1930, and 1940, giving the populations of
Mesa County, Grand Valley, and the city of Grand Junction, are
summarized in table 3.

TABLE 3.—Populations of Mesa County, Grand Valley, and Grand Junction

Community

Population

1920 1930 1940

Grand Junction 
Grand Valley 
Mesa County 

8,665 10,247 12,479
1 19,960 1 23, 200 30, 260
22,281 25, 908 33, 701.

1 Estimated on the basis of 1940 figures.

The population of Grand Valley increased 16.2 percent from 1920
to 1930 and 30.4 percent from 1930 to 1940. The population of the
city of. Grand Junction increased 18 percent and 22 percent, respec-
tively, during the same periods. These figures show an increasing
tendency for people to settle in the rural areas of the valley adjacent
to the larger towns. This is particularly evident in the area adjacent
to Grand Junction, where numerous homes have been built in recent
years.

Pertinent population data for Mesa County and the State of Colora-
do for 1940, as reported by the Bureau of the Census, are given in
table 4.

TABLE 4.—Population characteristics

Classification Mesa County State of
Colorado

Total population 33, 791 1, 123, 296

Native 32, 656 1,051, 732
Foreign born 1, 135 71,564

Population per square mile 10.2 10.8

Race:
White 33,629 1,106,502
Negro 74 12,176
Japanese  63 2,734
Indian 11 1,360
Chinese 8 216
All others 6 308

21 years old and over 20,622 713,968

Citizens 20,318 688,410
Aliens  t 234 19,433
Not reported 70 6, 125

Labor force:
Total population over 14 years of age 25, 148 855,116
Total in labor force 11,843 421,493
Employed except on public emergency work  10,010 349,735
Employed on public emergency work 973 31,808
Seeking work 860 39,950
Total not in labor force 13,305 433,623

Between 1930 and 1940, the population of Mesa County increased
7,883 or 30.4 percent, and the total population of the State of Colorado
increased 87,505 or 8.4 percent.

,
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INDUSTRIAL DEVELOPMENT
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Local industry
Agriculture is the basic industry of western Colorado. All farm

products of a temperate climate are grown successfully in Grand
Valley, with peaches being the principal crop. Plateau Valley,
surrounded by national-forest lands which provide summer grazing,
is ideally situated for livestock production, its major industry.

Mining, production of oil, and timbering are also major industries
of the region. Coal mines in Mesa County alone produce more than
100,000 tons annually, and vanadium and uranium ores are mined
extensively in the region. Huge oil-shale deposits, estimated to con-
tain more than 300 billion barrels of crude oil, are located in the Green
River formation of western Colorado, southwestern Wyoming and
eastern Utah. Of this amount 90 percent is in Colorado, particularly
in the eastern part of Mesa County and the neighboring counties of
Garfield and Rio Blanco to the north. The Rangely oil field, located
72 miles north of Grand Junction, is rapidly becoming one of the
major oil-producing areas in the western United States. Large
timber resources are provided by more than 570,000 acres of national-
forest land in Mesa County.

Several large service industries have developed in Mesa County.
The more important of these are railroad shops and fruit- and vege-
table-processing plants. Other service industries include a large
flour mill, several machine and sheet-metal plants, large bakeries, a
drug- and cosmetic-processing plant, butter and ice-cream factories,
and other smaller enterprises.

Recreational facilities, which as yet are not fully developed, provide
the communities of the area with a substantial source of supplemental
income. Great tourist and recreational possibilities exist on scenic
Grand Mesa, whose many small fresh-water lakes and streams abound
with trout. Elk, deer, and small game are also plentiful. Tourists
from all parts of the Nation are annually attracted to existing popular
summer resorts and public campgrounds.

Transportation and other facilities
Grand Valley is well served with transportation facilities. The

principal towns of the valley are located on the main line of the
Denver & Rio Grande Western Railroad, which operates between.
Denver, Colo., and Salt Lake City, Utah. Grand Junction, a divi-
sion point on the railroad, lies midway between Denver and Salt Lake
City. United States Highways 50 and 6 pass through Grand Valley,
and four major trucking companies provide transportation to the
surrounding area and to Denver and Salt Lake City. An improved
State highway connects Plateau Valley with all transportation facili-
ties serving Grand Valley. Grand Junction is also a main-line stop
on air routes from New York City to Los Angeles.
The project area is served by the Western Union Telegraph Co.

and the Mountain States Telephone & Telegraph Co. The Public
Service Co. of Colorado furnishes electric energy, with distribution
being made by that company and by the Grand Valley Rural Power
Lines, Inc., a Rural Electrification Administration system.
Grammar schools are accessible to all communities, and high schools

are located in the larger towns. An accredited junior college is

87297-51 5
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located at Grand Junction. Other institutions of higher learning,
readily accessible to the area, are located at Gunnison and Denver,
Colo. Churches of principal denominations have been established.
throughout the area.

Land uses
Distribution of landownerships in Mesa County, which comprise

2,130,320 acres, is shown in the following tabulation.
Privately owned: Percent

Cultivated land 5
Grazing and waste land 1 21

Total 26

U. S. Government-owned:
National forests 27
Federal grazing land 41
National parks and other reserves 3.

Total 71
All other, including local and State government and unclassified land_  3

1 Includes mineral lands and claims totaling approximately 1 percent.

Approximately 99 percent of all privately owned lands are devoted
to agriculture. Of the total income from crops in Grand Valley,
one-third is from fruits, one-third from production of livestock feeds,,
and one-third from truck crops. In Plateau Valley the cultivated
lands are used for the production of small grains and forage crops for
livestock feed.

Irrigation
In Grand Valley, 70,500 acres of land are furnished a full irrigation

supply by direct diversion from the Colorado River above its con-
fluence with the Gunnison River. Of this land, 30,300 acres are
served by a canal built in 1883 by the Grand Valley Irrigation Co.
The remaining 40,200 acres are served by the Grand Valley project,
constructed by the Bureau of Reclamation in 1912. This project
includes a diversion dam on the Colorado River 8 miles above Palisade
and a canal to serve lands above the existing Grand Valley canal.
The land served includes some areas irrigated by other facilities
before construction of the project. Additional small acreages are,
being reclaimed each year.
The appropriation of water for irrigation of project lands from

Plateau Valley streams started in 1882. By 1895 the late summer
natural flow was fully appropriated. In an effort to expand irri-
gation further, settlers of the valley constructed reservoirs on high
tributary streams and appropriated water for storage purposes.
Continued construction of new ditches and enlargement of existing
ditches by individuals and partnerships have resulted in a cumber-
some, inefficient irrigation system. All irrigation developments are
privately owned and operated, and no large administrative irrigation
organization exists. The valley has fertile soil but is developed far
beyond its usable water resources with the majority of lands suffering
acute shortages during late summer months.
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Other water uses
Besides irrigation, water is used in the project area for domestic,

municipal, industrial, and stock water purposes, power development,
and recreation. Canals and ditches are operated intermittently
throughout the winter months and supply the rural population with
domestic and stock water of questionable quality. Five communi-
ties, Grand Junction, Fruita, Palisade, Collbran, and Mesa, are
supplied with domestic and municipal water through improved dis-
tribution systems. With the exception of Collbran all of these com-
munities now receive their water from sources independent of the
project water supply. The quality of water furnished is excellent
although the supply for Grand Junction is inadequate.

Hydroelectric power is generated at the Palisade plant of the Grand
Valley project and the plant of the Redlands Water & Power Co.
Water is used for industrial purposes only in the immediate vicinity of
Grand Junction where it is utilized for canning of fruits and vege-
tables, manufacturing, and in connection with the railroad industry.
Fishing within the project area is limited to angling for river salmon,
suckers, and catfish on the Colorado and Gunnison Rivers and to
game fishing on the clear-water streams of Plateau Valley.

Undeveloped resources
Resources of the region which are not fully developed include timber

in the national forest reserves, coal and other mineral deposits, recre-
ational potentialities of Grand Mesa, and hydroelectric power sites.
Construction of the Collbran and other multiple-use projects in the
upper Colorado River Basin would greatly facilitate development of
these resources.

Plateau Valley lands within the project area would be fully developed
by the potential Collbran project. Nearby arable lands not included
in the project could be irrigated by separate developments, including
the pumping of Colorado River water to high land in Grand Valley
and the development of Owens Creek Reservoir site on Buzzard Creek.
The Bridgeport and Curecanti sites on the Gunnison River could also
be developed to provide substantial irrigation supplies as well as large
quantities of hydroelectric power.

ECONOMIC CONDITIONS

General conditions
The economy of the region is sound, being based on agricultural

development supplemented by railroading, extensive mining, related
industries, and wholesale and retail trade.
Good farm management together with an adequate supply of irri-

gation water at a low cost over a long period has produced a stable
agricultural economy in Grand Valley. Recent high prices for farm
products have retired indebtedness, reduced tax delinquencies, and
greatly increased bank deposits. The centralization of population,
resulting from the establishment of numerous small fruit-producing
units, and the recently accelerated development of Grand Junction
have produced a definite need for supplemental domestic and munci-
pal water for present needs and for normal growth.
The economy of Plateau Valley is dependent in some measure on

the economy of Grand Valley. Because of the importance of livestock
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raising in the area, however, the economy is more directly affected by
national market conditions and grazing conditions on adjacent forest
reserves. By careful management the valley farmers have been able
to maintain good credit. Credit houses report no loans in arrears
and a 55-percent reduction of previous indebtedness since 1940. These
economic gains are the result of the favorable farm parity price ratio
of the war and postwar years. To improve their present economy,
Plateau Valley farmers must increase production from irrigated fields
and pastures.
Relief situation

Welfare expenditures per capita in Mesa County for direct relief,
exclusive of aid to physically handicapped, aged persons, and de-
pendent children, are low as compared with those in neighboring
counties and in the State as a whole. Relief expenditures usually
increase after harvest and reach a peak in February. Table 5 gives
the total per capita expenditures from Federal, State, and county
funds for unemployment and general relief in Mesa County, the four
neighboring counties, and the State.

TABLE 5.—Unemployment and general relief expenditures

County
Population,
1940 census

Expenditure per capita

1937 1939 1941 1943

Mesa 33, 791 $1.57 $1.04 $0.89 $0.82
Delta 16,470 2.33 2.02 1.91 1. 76
Garfield 10,560 2.57 3.33 3. 37 1. 39
Gunnison  6, 192 3. 38 3.98 3. 68 1. 76
Montrose 15, 418 1.74 1.35 1.84 1. 13
Colorado (State) 1, 123, 296 3.55 3.53 3.35 2.97

Community needs
For proper development of its abundant resources the region needs

a supplemental supply of irrigation water for arable lands in Plateau
Valley, an adequate supplemental supply of domestic, municipal, and
industrial water for Grand Valley, and the development of additional
power for industrial and domestic use.
Supplemental water is needed in Plateau Valley to assure a good

growth of late summer and fall pasture as well as increase yields of
alfalfa and corn silage which are essential to the livestock industry.
Grand Valley, including the rural and urban areas, is urgently in

need of additional domestic water. The city of Grand Junction is
handicapped in growth and industrial development by a water system
capable of supplying only half the present and immediate future needs.
The present demand for water by the canneries is met with difficulty,
and other industrial development is prevented by the presently limited
supply of suitable water. It is essential that an adequate, sanitary
domestic water supply system be made available immediately to the
rapidly increasing population of the rural area. Domestic water for
1,200 farm homes must now be hauled and stored in cisterns because
shallow underground waters are not suitable for domestic use and a
piped water supply is not available. A few artesian wells in the area
provide a small number of homes with good quality domestic water.
Even with this small use, however, there has been a marked drop in
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artesian head during the last few years. Pumps have been installed
in some instances to increase output and have caused an accelerated
decline in artesian head and flow. Hauling of water is costly and does
not provide the farm home with enough water for over-all sanitation
needs. Local streams and ditches are becoming more polluted each
year with increased use of water for irrigation and industrial use.
Stock water must be stored for winter use in open ponds with high
evaporation and seepage losses.
The use of uranium for the development of atomic energy and the

production of synthetic liquid fuels from oil-bearing shales have re-
cently assumed national importance, The area immediately south
and west of Grand Junction contains one of the world's largest known
deposits of carnotite (uranium rich ore). Offices have recently been
set up in Grand Junction by the Atomic Energy Commission and the
Geological Survey for exploration, purchasing, and milling of uranium
ores. Large deposits of oil-bearing shales are located a few miles north
of the Collbran project area. A demonstration plant for the extraction
of liquid fuels from shale is in operation at Rifle, Colo. Provided an
adequate supply of municipal water and electric energy, the project
area is ideally situated for the refining of these important materials
so critical to the Nation's security and prosperity. A marked increase
in the population of Grand Junction has already been felt from the
developments, now only in the experimental stage. With large-scale
production of uranium and liquid fuels, the city would become the
business center for the population thus employed. Facilities for the
generation of electric energy in the region are now taxed to capacity.
To supply requirements, electric power is imported long distances
from other regions. Present and future domestic and industrial re-
quirements would readily absorb all power developed by the Collbran
project.

INVESTIGATIONS AND REPORTS

Previous investigations
The need for additional irrigation water in Plateau Valley and for

adequate municipal and domestic water in Grand Valley has long been
recognized by local and State officials. Irrrigation investigations of the
Collbran area by the Bureau of Reclamation were started in 1937.
Several previous reports have been made which apply to various phases
of the Collbran project and these were fully utilized in the present
planning work. The more important of these reports are discussed
briefly in the following paragraphs.
Burns & McDonald.—This report by Burns & McDonald, issued in

1923, discusses improvement of Grand Junction city municipal water-
supply system. The report includes designs and estimates for a
13,500,000-gallon treatment storage reservoir and enlargement of the
water main from the point of storage into the city. The plan was
adopted by the city and construction was completed in 1923.
Bureau of Reclamation.—A preliminary report on the Collbran

project dated July 10, 1940, was written by S. A. Kerr. The report
summarizes reconnaissance surveys of the Collbran project and dis-
cusses the additional data and surveys necessary for completion of a
final report on the project. The report concludes that sufficient water
could be stored at the Vega Reservoir site as a supplemental supply
for inadequately irrigated lands in the valley south of Plateau Creek.



64 COLLBRAN PROJECT, COLORADO

The report also concludes that irrigation of those lands north of
Plateau Creek would require development of storage on Owens Creek.

Black & Veatch, consulting engineers.—A report dated 1943 was pre-
pared on the rehabilitation and reconstruction of the Kannah Creek
municipal water supply line to the city of Grand Junction. The
report is a study of the hydraulic properties of an existing pipeline,
made with the primary objective of determining the most economical
method of increasing the capacity from 5.3 to 7.56 million gallons a
day. The report presents eight possible plans for increasing the pipe-
line capacity, the most favorable of which would cost approximately
$170,000. Reconstruction of the Kannah Creek pipeline was com-
pleted in 1948.

United States Department of the Interior.—A report of the Depart-
ment of the Interior, entitled "The Colorado River," was sponsored
and coordinated by the Bureau of Reclamation and released March
1946. It includes the Collbran project among 134 potentialities for
development of the water resources of the Colorado River Basin. The
report stresses, however, that the water available in the basin is in-
sufficient for development of all potentialities it lists.
Present investigations

Present investigations for irrigation of arable lands in Plateau Valley
have been a continuation of the studies begun in 1937. In December
1944 the city of Grand Junction expressed interest in the possibility
of providing the city with supplemental municipal water in connection
with the irrigation supply. The plan herein reported has resulted
from the findings of investigations conducted to that end.

Scope of present investigations.—The investigations of the Collbran
project have been directed toward utilizing the surplus water of
Plateau Creek and its tributaries for irrigation in Plateau Valley and
supplying the Grand Valley area with domestic water. Looking
toward full utilization of the water resources, the investigations con-
sidered the development of electrical energy in the approximately
5,000-foot drop to Grand Valley from the water's origin on the mesa
slopes.

Field work in connection with the investigations has included the
following:

1. Topographic surveys of the Vega Reservoir and Dam sites.
2. Geological examination and exploration, by drilling and test pits,

of the Vega Dam site and Reservoir basin.
3. Preliminary traverse and profile surveys of the feeder canal from

Leon and Park Creeks to the reservoir site.
4. Topographic surveys of Bonham Reservoir and Dam sites.
5. Geological examination and exploration by test pits of the Bon-

ham Dam site.
6. Preliminary traverse and profile surveys of the South side canal.
7. Preliminary traverse and profile surveys of the pipeline location

for collecting and diverting municipal and domestic water to the head
of Grand Valley.

8. Topographic survey of penstock and power plant locations above
Palisade at head of Grand Valley and on Cottonwood Creek, 33 miles
southeast of Molina.

9. Mapping and classification of irrigated and irrigable lands in
Plateau Valley.
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10. A land and water relationship study of irrigated areas in Plateau
Valley.

11. Office work comprised mainly of water supply studies, prepara-
tion of plans and estimates for the adopted and alternative plans,
and economic analyses of project development.
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CHAPTER II

WATER SUPPLY

WATER RESOURCES
Available supply

Streams and watersheds.—The project would develop a new water
supply from several of the Grand Mesa streams—Plateau, Leon,
Park, Big, and Cottonwood Creeks. This water would supplement
that already supplied from these streams and from several other
major mesa streams, including Salt, Bull, and Mesa Creeks. Some
water is also presently supplied from smaller mesa streams such as
Grove, Spring, and Coon Creeks. For the water supply calculations
of this report, however, runoff of these smaller streams is included
with the runoff of Salt, Big, Cottonwood, Bull, and Mesa Creeks.
Stream flow data used for any of these five major streams therefore
comprehend data on small adjacent affluents contributing to the water
supply of the area.
The watershed of the streams, extending along the entire north

slope of the mesa, covers 156 square miles and ranges in elevation from
7,000 feet to more than 10,000 feet above sea level. The area is
heavily covered with vegetation, with a dense growth of scrub oak,
service berry, and juniper on the lower portion and a heavy cover of
quaking aspen, fir, and spruce on the higher reaches. This heavy
cover of vegetation, together with the sheltered character of the north
slope drainage, results in a much more uniform runoff than is common.
for other streams of similar altitude on the west slope of the Conti-
nental Divide. The sustained summer flows thus permit a relatively
large part of the irrigation requirement to be obtained from natural
or uncontrolled stream runoff.

Grand Mesa reservoirs.—The runoff of Salt, Big, Cottonwood, Bull,
Mesa, and Coon Creeks is now controlled to some extent by the
numerous small reservoirs located immediately under the north rim
of Grand Mesa. These are filled with surplus winter and spring
runoff, and the stored water is released on demand of the irrigators
to supplement the low natural flows through the late summer months.
The reservoirs were developed in natural lake basins of the glacial

moraine of Grand Mesa by individual water users or small cooperative
associations. In general they were constructed with the use of light
farm machinery and without the aid of technical engineering design
and control. As a result, the reservoirs do not meet present-day
standards with respect to freeboard above maximum water surface,
spillway construction, and foundation preparation. The reservoirs
have operated successfully, however, over a long period of years,
some of them since 1890, and their present filling operation is under
the close supervision of the State division engineer and the Forest
Service. With proper maintenance and continued supervision, these
reservoirs should continue to function satisfactorily. The reservoirs

66
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are situated at high elevations not usually subject to the heavier
cloudburst storms and are further favored by the slow snow-m.elt
characteristics of such altitudes. Therefore, the hazard of extrem.ely
high flash runoff is not great.

Sixty-three storage rights for a total of 20,646.48 acre-feet have
been established for the mesa reservoirs. Their storage yield, how-
ever, averages 8,800 acre-feet annually as determined from. an analysis
of reservoir diversions recorded by the State water commissioner for
the 13-year period 1933-45. A summ.ary of the average reservoir
yield for each stream system is shown in table 6.

TABLE 6.—Average yield of Grand Mesa Reservoir system (1933 to 1945, inclusive)

Reservoir systems
Average

annual yield
(acre-feet)

Mesa Creek system 1 1,230
Bull Creek system 760
Cottonwood Creek system 2,380
Big Creek system 4,160
Salt Creek system 2 270

Total 8, 800

1 Because of mutual use of storage facilities, the Coon Creek system is included with that of Mesa Creek.
2 Reservoirs on Leon Creek tributaries are used to supply Salt Creek lands.

Stream runoff records.—Discharge records of project streams
available as shown in table 7.

TABLE 7.—Project gaging station data

are

Stream Location of gage 1 Length of record 2

Plateau Creek near
Collbran.

Plateau Creek at Vega
Dam site.

Plateau Creek near
Cameo.

Big Creek near Coll-
bran.

Big Creek at upper
station.

Bull Creek near
Molina.

Coon Creek near Mesa_

Cottonwood Creek
near Molina.

Cottonwood Creek at
upper station.

Grove Creek near Coil.
bran.

Mesa Creek near Mesa_

Salt Creek near Coil.
bran.

Spring Creek near
Mesa.

NEX sec. 26, T. 9 S., R. 94
W.

NEX sec. 6, T 10 S., R 93 W_

SWX sec. 18, T. 10 S., R. 97
W.

NEX sec. 14, T. 10 S., R. 95
W.

NEXsec. 5, T. 11 S., R. 94
W.

NE X sec. 6, T. 11 S., R. 95
W.

1
NE3i sec. 8. T. 11 S., R. 96
W.

NE X sec. 16, T. 11 S., R. 96
W.
NWX sec. 29, T. 10 S., R. 95
W.

SEX sec.3, T. 11 S., R. 95W.

SWX sec. 1, T. 10 S., R. 95
W.

SWX sec. 16, T. 11 S., R. 96
W.

NE X sec. 10, T. 10 S., R. 94
W.
NWX sec. 26, T. 10 S., R.96
W.

August 1921 to present_

April 1937 to Septem-
ber 1943.

April 1936 to present__

April 1938 to July 1944_

July 1945 to present___

April 1937 to Septem-
ber 1943; May 1945
to present.

April 1937 to Septem-
1943.

May 1945 to Sept. 1947_

April 1937 to June 1941_

May 1945 to present

April 1940 to July 1941_

April 1937 to present__

April 1940 to July 1941_

April 1937 to July 1941_

Drainage
area

(square
miles)

Operating
agency

88 Colorado State
engineer
USGS.

24 USBR, USGS.

64 USGS.

25 USBR, USGS.

19 USGS.

10 USBR, USGS.

7 Do.

4 Do.

20 Do.

16 USGS.

24 USBR.

7 USBR, USGS.

8 USBR.

13 Do.

1 Sixth principal meridian.
2 Minor lapses occur at all stations especially during winter months.
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The stream-flow data, as reported, have been determined in con-
formance with acceptable standards and are reliable for measurements
of total quantity of flow at the gage locations. The stream-gaging
records, however, do not reflect natural flow conditions as all stations
are materially affected by upstream reservoir operation and ditch
diversions. To eliminate the effect of ditch diversions on Cottonwood
and Big Creeks, the stations were moved upstream to their present
locations in 1945 and more valuable records have been secured since
that time. Available data on the operation of Grand Mesa reservoirs
are inadequate to permit a day-to-day correction of measured stream
flow to natural conditions. Reservoir effect by months has been
estimated, however, from comparison with hydrographs prepared for
Plateau Creek, Kannah Creek, and White River.
The discharge records for all project streams have been extended to

cover the 26-year period 1920 to 1945, inclusive, by monthly correla-
tions with White River near Meeker, Plateau Creek near Collbran, or
weighted combinations of both. The runoff of small tributaries to
project streams was estimated from unit runoff relationships based on
the watershed productivity of adjacent streams. Mesa Creek, the
most westerly of the project streams is characterized by an unusually
uniform discharge which was found to correlate well with that of
White River near Meeker. The runoff of the remaining Grand Mesa,
streams becomes progressively more flashy toward the east and ap-
proaches the characteristics of Plateau Creek. Spring flood flows of
Plateau Creek normally exceed 1,000 second-feet, while late fall and
winter flows recede to less than 10 second-feet. The runoff of small
tributaries to project streams was estimated from unit area runoff
relationshps based on the watershed productivity of adjacent streams.

Period of water supply study.-The runoff record of Plateau Creek
near Collbran, upon which the development of project water is depend-
ent, provides the basis for the selection of a representative period for
detailed water supply studies. As shown in table 8, the years of low-
est runoff occurred during the 13-year period 1933 to 1945. The aver-
age runoff of this period was 64,200 acre-feet annually as compared to
77,300 acre-feet annually for the long-time record 1920 to 1945, inclu-
sive. Therefore, this 13-year period is considered a conservative basis
for estimating future runoff in the area and was selected as the period
for analysis of the irrigation water supply. Although shortages would
have occurred in a few years, not included in the irrigation study,
none would have exceeded the shortages experienced during the
critically dry years 1934, 1939, and 1940.

TABLE 8.-Runoff of Plateau Creek near Collbran
[Unit =1,000 acre-feet]

Year Runoff Year Runoff Year Runoff

.
1920 1 116. 1 1930 1 78. 6 1940 39.2
1921 1 122. 0 1931 1453 1941 83.6
1922 118.5 1932  1 103. 1 1942  ' 91.4
1923 83.5 1933 1 60. 2 1943 56.3
1924  65.0 1934 1 21. 1 1944 88.7
1925 56. 2 1935 55. 1 1945 79. 6
1926 _ 87.7 1936 49.6

77.31927 89.2 1937 62. 5 Average 
1928 1 89. 6 1938 104.2
1929 1 117. 2 1939 43. 1

1 No discharge records are available before August 1921. Lapses in records occurred during the winter
months 1928-45. Runoffs for these periods were estimated from correlation with Kannah Creek near White..
water, Colo.
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The full 26-year period of extended runoff records (1920 to 1945)
was used in making detailed power and domestic water supply studies.
Analysis of water supply conditions relative to the production of power
required this longer period for a full determination of the amount of
water available annually for the generation of firm power and the
average amount available for producing nonfirm energy.

Diversion records.—Diversion data for existing irrigation ditches and
reservoirs were compiled from records collected by the State water
commissioner. These records were obtained from daily observations
in the spring and weekly or biweekly observations in the late summer
by deputy water commissioners of State water district 42. Flow was
determined by Parshall flume measurements on most ditches and by
weir measurements and estimates on the remaining ditches.

Quality of water
No chemical analysis has been made of the waters developing from

the project area. Long usage demonstrates, however, that the surface
waters of the project streams are of very good quality for irrigation
and domestic use. Development of these streams from a watershed
of igneous origin causes the water to be free of soluble salts, and the
dense vegetative cover of the entire watershed brings about a very low
silt content. These two factors in conjunction with the high un-

polluted nature of the watershed result in an exceptionally high quality

of water for domestic purposes.
The quality of project return flow varies with respect to the loca-

tion of land from which it develops. Return flow developing from

the higher project lands near the first points of diversion is of good

quality, comparable in character to the surface water of the project.

That water developing from cultivated lands along the bottmn of the

Plateau Valley, however, is heavily laden with soluble salts and

alkali, leached from the nearby residual soils. This water is unsuitable

for either human or stock consumption but is satisfactory for irrigation.

WATER REQUIREMENTS

Consumptive use
Irrigation requirements for project lands were estimated from a

consumptive use determination based on climatic records collected at

Collbran. The station is located at approximately the average ele-

vation of project lands and is climatically representative of the area.

By use of the curve of relationship between consumptive use of water

and accumulated daily maximum temperatures above 32°, as de-

veloped by R. L. Lowry and A. F. Johnson,' the annual consumptive

use of water was found to be 2.0 acre-feet per acre.

Diversion requirement at irrigation laterals

The diversion requirements for irrigation were based on con-

sumptive use with allowance made for effective precipitation, surface

waste, deep percolation losses, and ditch and lateral losses. The

effective precipitation was conservatively estimated to be 0.7 foot

or 80 percent of the 0.9 foot average annual precipitation at Collbr
an

for the 11 driest years of record. Thus 1.3 acre-feet per acre of the

consumptive use requirement would have to be supplied from irriga-

tion. Because of the pervious nature of the soils, at least 45 percent

I proceedings of American Society of Civil Engineers, April 1841, Consum
ptive Use of Water for Agri

culture, R. L. Lowry and A. F. Johnson.
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of the water applied is expected to be lost through farm waste and
deep percolation. Thus a farm application of 2.3 acre-feet would be
needed to supply the 1.3 acre-feet needed from irrigation. Con-
veyance losses by irrigation laterals are expected to amount to an
average of 35 percent of the total diversion, making necessary a total
annual diversion of 3.5 acre-feet per acre to supply irrigation needs.
Allowances for conveyance losses from the Southside canal were made
in connection with the operation studies for Vega Reservoir.
A study of prevailing temperatures and the average growing season

shows that the irrigation season in Plateau Valley normally begins
about May 1 and ends about September 30. The use of irrigation
water would not vary directly with temperatures throughout the
irrigation season but would be governed somewhat by the cropping
program of the land irrigated. For the anticipated cropping program
discussed in chapter IV, table 9 summarizes by months the estimated
ideal irrigation demands of project lands.

TABLE 9.—Estimated monthly distribution of diversion requirement

Month

Ideal demand

Percent Acre-feet
per acre

May 20 0.68
June 25 .88
July 24 . 84
August 18 . 64
September 13 .46

Total 100 3.50

South side canal conveyance losses
From an inspection of the soils and terrain through which the canal

would be constructed and comparison with measured losses in other
canals similarly located, it is estimated that transmission losses of the
Southside canal would amount to 0.5 percent per mile. In reservoir
operation studies, discussed later in this chapter, the estimated trans-
mission losses of the South side canal have been added to the storage
water required at Vega Reservoir. Water diverted from Bonham
Reservoir and the other sources associated with domestic and power
water supply would be conveyed largely by pipeline, thus eliminating
transmission losses.
Return flow

Analysis of State water commissioner diversion records and field
observations show that, even in extremely dry years, irrigated bottom
lands adjacent to Plateau Creek and below its confluence with Salt
Creek receive their full diversion requirements from return flow
developing from the irrigation of higher lands. After project develop-
ment, irrigation of the upper lands would be intensified and thus more
return flow would be available. Because of the apparent adequacy
of the present and future irrigation supply, bottom lands have not
been included in the project plan.
Most of the irrigable lands of the project are located on elevated

flat benches, traversed by deeply entrenched streams. Because of
this topography and because of the permeable nature of the subsoils,
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any return flow appears in the main channels at elevations too low
for reuse on the bench lands. Only a small portion of the project
lands, situated at low elevations, would receive any benefit from
return flow water. The amou,nt of flow these lands would receive
would be too small for consideration in water supply studies.

Water requirements for power and domestic use
Grand Valley.—Estimates of present and anticipated population

trends of Grand Valley indicate that within 50 years supplementary
domestic and municipal water supply will require 20 second-feet of
flow. Under the project plan water for this purpose would be used
first for power production en route to Grand Valley. The 20 second-
feet of firm flow would be made available by diversion from the Big
and Cottonwood Creek drainages. The natural flow of these 'streams
is adequate to supply this requirement during the spring and summer
months of normal years. Storage would be required, however, to
maintain a firm flow from November through April. The use of
4,900 acre-feet of existing storage capacity on the two watersheds,
together with the use of Bonham Reservoir enlarged to a capacity of
6,300 acre-feet, would provide sufficient control to maintan 20 second-
feet of firm flow in all years.

Provision would be made in Vega Reservoir for 5,400 acre-feet of
capacity to replace irrigation storage that would be used under the
project for regulation of the municipal and power supply. Of this
capacity 4,900 acre-feet would be for direct replacement of irrigation
capacity and 500 acre-feet would be allowed for Southside canal
transmission losses (estimated at 0.5 percent per mile from Vega
Reservoir to the point of use).
In addition to the replacement of existing storage, it would`be neces-

sary to reserve sufficient water in Vega Reservoir each year to com-
pensate for all natural flow that would be diverted from Big and -
Cottonwood Creeks at the expense of present irrigation demands.
Such natural flow diversions would consist of 20 second-feet of firm
flow plus any water stored for power and domestic use during the
irrigation season. Under present practices water users on Big and
Cottonwood Creeks begin diverting natural flow for irrigation about
April to insure the maximum use of available water. Irrigation is
continued until the end of September. Replacements would have to
be made, therefore, for any deficiencies suffered by irrigators during
that interval. In normal years replacement would be necessary only
during July, August, and September. In April, May, and June of
normal years flows of Big and Cottonwood Creeks would meet full
diversion requirements for power and domestic purposes without
encroaching on the irrigation supply. In providing replacement for
the firm flow diversion, however, Vega Reservoir storage requirement
must be based on conditions in years of most severe water shortages
rather than on average conditions. In 1934, the driest year in the
period of study, 7,400 acre-feet of natural flow, otherwise usable for
irrigation, would have been diverted for power and domestic use.
This amount of water, plus 800 acre-feet to compensate for Southside
canal conveyance losses, would have been needed at Vega Reservoir
as replacements. Thus 8,200 acre-feet would have to be reserved in
Vega Reservoir at the beginning of each irrigation season to provide
replacements in the event of another low runoff year like 1934.
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Plateau Valley.—The towns of Mesa and Collbran are served do-
mestic water through pipeline distribution systems. Other commu-
nities and outlying farmsteads in Plateau Valley are supplied domestic
and stock water by ditches diverting from the several Grand Mesa
streams. The amount of water actually consumed is small in each
case, but excess water must be diverted to maintain usable flows,
especially during winter months when diversions large enough to
prevent tight freezing must be maintained. Irrigation diversions
provide domestic and stock water requirements during the summer.
The project as planned would not interfere with present operation
practices of any of the Grand Mesa streams except Big and Cotton-
wood Creeks. Heavy diversions would be made from Big Creek for
power aind domestic purposes during the winter months, thus requiring
a minimum flow to be bypassed to supply present domestic and stock
needs. From a study of past winter flows, it is estimated that a
bypass of 3.5 second-feet would supply winter stock and domestic
needs, and provision for this minimum flow has been included in the
operation studies of Grand Valley's domestic and power water supply.
Heaviest diversions from Cottonwood Creek would be made during
the summer months, and at that time the irrigation diversions would
be adequate to supply domestic and stock needs. Undiverted winter
flows of this stream would be adequate for domestic and stock needs
in all years.
The town of Collbran receives water from Plateau Creek under a

decreed right of 0.70 second-foot. This water is diverted through
the Hoosier ditch to the town distribution system. This right and
the domestic and stock water needs of outlying farmsteads would
require a minimum flow of 5 second-feet in Plateau Creek during the
winter months, October to April, inclusive. All leakage from Vega
Reservoir and water developing from Park and Leon Creeks below
the points of feeder canal diversion would be usable in supplying the
winter flow requirement. Any part of the requirement not met from
these sources would be bypassed through Vega Reservoir so that the
full 5 second-feet would be provided at the Plateau Creek gage near
Collbran. During the summer irrigation diversions would provide
adequate domestic and stock water.
Domestic water for Mesa originates from springs located a short

distance southeast of the town and would not be affected by project
development.
The minimum flows discussed are adequate for fishery requirements

as more fully discussed in chapter VII.

WATER RIGHTS

Present water rights of project area
Plateau Valley streams are in State water district No. 42 in which

water rights have been adjudicated in four court actions dated Feb-
ruary 1890, November 1905, June 1916, and July 1941. The decree
in the last action includes a complete schedule of all water rights for
both direct flow and storage, listed in order of priority.

Rights of earliest priority are on the tributary streams. These
rights require the entire natural flow of the various tributaries during
the summer so that no water is bypassed to the more recently estab-
lished rights on lower Plateau Creek or the Colorado River.
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The number of decreed direct flow rights and the total direct flow
water covered by these rights is shown for each project stream in
table 10.

TABLE 10.—Summary of decreed direct flow rights

Creek system 1 Number of
decreed rights

Total amount
of decreed
rights (sec-
ond-feet)

Mesa Creek 2 111 170. 773
Bull Creek 74 112. 309
Cottonwood Creek 41 94. 195
Big Creek 89 246.552
Salt Creek 3 26 117.234
Plateau Creek 80 134.356

Total 421 875.419

I System named from principal stream serving the area; however, the decrees of all streams within the
system are included.

2 Coon Creek decrees are included.
3 Since all direct diversions from Leon Creek above its confluence with Plateau Creek serve lands in the

Salt Creek system, its decrees are included in this system.

Sixty-three separate storage rights have been decreed in a total of
56 reservoirs on the project watershed. Of these reservoirs, 54 are
used for irrigation of lands within Plateau Valley and 2 are used for
the irrigation of land in the vicinity of Cedaredge on the south slope
of Grand Mesa. The reservoir decrees, as shown in table 11, cover
the storage of water for the project streams.

TABLE 11.—Summary of decreed reservoir rights

Creek system
Number of

decreed rights

Total amount
of decreed

rights (acre-
feet)

Mesa Creek 18 2, 921. 93
Bull Creek 16 1, 464, 46
Cottonwood Creek 15 4, 867. 99
Big Creek 10 7,309. 16
Plateau and Salt Creeks I 4 4, 083. 30

Total 63 20,646.84

1 The 4 reservoirs are located on Leon Creek and tributaries which serve both Plateau Creek and Salt
Creek systems. 2 of the 4 reservoirs, with 3,550 acre-feet of the decreed capacity, were constructed and used
by Water users on the Cedaredge side of Grand Mesa.

Water rights needed for project
Much of the winter and spring flow of all streams in Plateau Valley,

with the exception of Big, Plateau, Park, and Leon Creeks, has been
appropriated for storage purposes. Essentially all of the natural
summer flows of the streams have been appropriated, and in most
cases the appropriations are in excess of the total flow available in all
but very high runoff years. This condition has been brought about
through the extensive development of present irrigation and overlap-
ping of appropriations. At the present time the distribution of exist-
ing water rights with respect to irrigated land acreages is by no means
uniform. Irrigators operating under senior water rights have a
fairly adequate water supply throughout the irrigation season while
junior water rights suffer an extreme shortage of water during July,
August, and September of all years. To make possible proper opera-
tion of the potential project it would be necessary to make appro-
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priation of unappropriated water of Big, Cottonwood, Plateau, Park,
and Leon Creeks for project storage and direct use and to exchange
water with users of Cottonwood and Big Creek flows for the diversion
of water from these streams for domestic and power use. The replace-
ment of such water would be made from Vega Reservoir storage.
Water for replacement of that used from Cottonwood and Big

Creeks, plus additional irrigation water made available by the project,
would be appropriated from Plateau Creek and its two upper tribu-
taries—Park and Leon Creeks. The water thus appropriated would
consist of all unappropriated flows of Plateau, Park, and Leon Creeks
up to a total of 29,000 acre-feet annually to be stored in Vega Reser-
voir, plus a direct flow appropriation of 225 second-feet to fill the
capacity of the Southside canal at its point of diversion. The direct
flow appropriation would only be filled for a short period each year
during the early part of the irrigation season but would facilitate
complete use of the stream runoff.
The desirability of diverting water from other Grand Mesa streams

that would be crossed by the Southside canal in its course through
Plateau Valley has been fully considered. Only early season flood
flows are available for appropriation from these streams, however, and
value of such water to the irrigators would not be sufficient to justify
the cost of constructing necessary diversion facilities. The present
water supply in Plateau Valley is adequate in the early irrigation
season, and the project as planned would provide an adequate supple-
mentary supply during the late season.

Natural flow would be appropriated from Big and Cottonwood
Creeks for domestic, municipal, and power use up to the capacity of
the individual feeder lines. Thus 30 second-feet would be appropriat-
ed from Big Creek and 15 second-feet from Cottonwood Creek.
Although these appropriations would exceed the 20 second-feet actual-
ly required, they would be needed to allow operational flexibility in
the semipeaking of power, generation of nonfirm energy, and in the
maintenance of a 20 second-foot firm flow during periods of difficult
operation brought about by unforeseen flow conditions or periods of
pipeline maintenance. All water appropriated would be replaced
on a direct water exchange basis.

Rights to the existing storage capacity on Big and Cottonwood_
Creeks would be acquired through direct exchange for 5,400 acre-feet
of capacity in Vega Reservoir. Table 12 shows the existing storage
that would be acquired for storage of domestic, municipal, and power-
water.

TABLE U. —Existing reservoirs to be used for domestic, municipal, and power water-

Drainage Reservoir
Storage
right

(acre-feet)

Reservoir
capacity
(acre-feet)

Big Creek Bonham 1, 446. 4 1, 07()Do  Atkinson 1, 818. 9 1, 800Do Silver Lake 183. 7 170Do Forty Acre Lake 573. 9 330.Do Big Creek No. 1 2, 754.8 550Cottonwood Creek  Neversweat..  320.0 320Do  Cottonwood No. 5 200. 0 320Do Little Meadows 116.0 120Do  Big Meadows 450.0 220

Total 7, 863. 7 4,900
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Enlargement of Bonham Reservoir to a capacity of 6,300 acre-feet
(active capacity 6,200 acre-feet) would require appropriation of an
additional 4,753.6 (rounded 4,760) acre-feet of water annually for
storage purposes. This water would be appropriated from the un-
appropriated winter and spring runoff of Big Creek. As shown in
the above table, present storage rights for Bonham Reservoir total
1,446.4 acre-feet supplied by Big Creek.
Summary of water rights needed for project
Water appropriations required for project operation, both natural

flow and storage, are summarized in table 13.

TABLE 13.—Water rights required for project operation

STORAGE RIGHTS

Stream or watershed Storage reservoir
New storage
rights needed
(acre-feet)

Plateau Creek (including upper tributaries, Leon and
Park Creeks) 

Big Creek 

Total  '

Vega Reservoir 
Bonham Reservoir 

29, 000
4, 760

33,760

NATURAL FLOW RIGHTS

Stream Or watershed Natural flow diversion
New natural
flow rights
needed

(second-feet)

Plateau Creek (including upper tributaries, Leon and
• Park Creeks) 

Big Creek 
Cottonwood Creek 

Total

Southside canal 
Bonham pipe-line 
Cottonwood pipeline 

225
30
15

270

No action has yet been initiated to appropriate the water required
for the project. The water, however, may be appropriated under
Colorado law which is briefly discussed in the following paragraphs.
Method of appropriating water
The Colorado Constitution and Statutes authorize the diversion

and application to beneficial use of unappropriated water. No appli-
cations for permits to appropriate water need be filed, but the ap-
propriator must within 60 days after commencing construction or
enlargement of any reservoir, ditch, or canal file a claim therefor with
the State engineer together with a map showing the pertinent facts.
If the claim and accompanying map are found sufficient for a clear
presentation of the facts and adequacy of design, they are accepted
for filing by the State engineer. Blueprints or other suitable repro-
ductions are returned to the claimant who shall within 90 days file
them in the office of the county clerk and recorder of the county in
which the headgate of the proposed structure or in which the proposed
reservoir shall lie. The appropriator is required to proceed diligently
to construct the works and to utilize the water.
Any owner of an unasdjudicated water right may petition the

district court for the adjudication of his right. After notice to all
87297 51 6
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other claimants in the water district and a hearing, the court shall
determine the relative priorities of the claimants and enter an adjudi-
cation decree which shall become effective when a certified copy
thereof has been filed in the office of the State engineer and another
in the office of the irrigation division engineer.

WATER UTILIZATION

Present use of water for irrigation
The adequacy of the present irrigation supply has been determined

from a summary of irrigation diversions reported by the State water
commissioner during the period of study (1933 to 1945, inclusive) and
from a comparison of these diversions with the estimated ideal irriga-
tion demand. As shown by the following tables, the water supply-
within the ideal demand is ample during the early part of the irriga-
tion season but is inadequate during the later months.

TABLE 14.-Diversions to presently irrigated lands within ideal demand

[Area, 18,340 acres; unit, acre-feet per acre]

Water year

Monthly diversion
Total

diversion
Ideal

demand
Total

shortage
Percent
shortage

May June July August Septem-
ber

1933 
1934 
1935 
1936 
1937 
1938 
1939 
1910 
1941 
1912 
1913 
1914 
1945 

Average  

0. 63
.57
.55
. 67
. 68
.68
.68
.68
.68
.68
.64
.68
.64

0.88
.35
.88
. 59
. 81
.88
.66
.65
.88
.88
.73
.88
.88

0. 73
.20
.76
• . 47
. 60
.82
.51
.51
.80
.80
.58
.82
.76

0.49
.15
.48
. 28
. 50
.58
.30
.26
.58
.63
.50
.61
.62

0. 22
.13
.28
. 17
. 28
.35
.23
.27
.39
.37
.33
.30
.40

2. 95
1.40
2.95
2. 18
2. 87
3.31
2.38
2.37
3.33
3.36
2.78
3.29
3.30

3. 50
3.50
3.50
3. 50
3. 50
3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50

0. 55
2.10
.55
1. 32
. 63
.19
1.12
1.13
.17
.14
.72
.21
.20

16
60
16
38

. 18
5
32
32
5
4
21
6
6

.65 .77 .64 .46 .29 2.81 3.50 .69 20

TABLE 15.-Average late-season shortage to presently irrigated lands, period 1933-45

July August September Total

Late-season water requirement (acre-feet per acre) 0. 84 0. 64 0. 46 1. 94
Average shortage of late-season water (acre-feet per acre) _ .20 .18 .17 .55
Average shortages of late-season water (percent) 24 28 37 28

The estimated average annual shortage of 20 percent is based on
total annual diversions for the whole area. It does not show the
seriousness of seasonal shortages and variations in supply to different
lands within the project area. About 80 percent of the shortage
occurs during July, August, and September, causing an average over-
all irrigation shortage of 28 percent for these months. For the six
driest years of the 13-year period of study, the annual average shortage
was 33 percent. For the same years, the late season shortage was
46 percent of the ideal demand. Serious shortages to some lands are
brought about by the nonuniformity of decreed water rights within
the presently irrigated lands. Less than half of the project area is
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served under senior decreed rights which in some cases provide a
water duty as high as 1 second-foot to 15 acres of land actually served.
This condition brings about excessive use of water on lands under
senior natural-flow rights and during periods of low runoff results in
extreme shortages on lands under junior rights. A full water right
is available to the junior-right users only during the spring season of
high runoff years. Development of the project would assure a late-
season supply to all water users, making unnecessary excessive diver-
sions in the high runoff season, and would permit a more uniform
diversion of fully usable water.

Besides alleviating the shortages on 18,340 acres presently irrigated,
the project would provide a full water supply for 2,310 acres of non-
irrigated class 1 and 2 lands.

Water operation for power and domestic use
Available water supply.—Water diverted from Big Creek would enter

the power and domestic system at the outlet of Bonham Reservoir.
Diversions from East Fork of Big Creek and releases from Atkinson
Reservoir would be conveyed to Bonham Reservoir by a feeder canal
with a capacity of 30 second-feet. By using this feeder canal and
diverting at Bonham Reservoir, runoff developing from about 11.5
square miles, or 60 percent of the total Big Creek watershed above the
gaging station,2 would be available to the system. The portion of the
watershed thus contributing to power and domestic water supply con-
tains all of the high drainage area above an elevation of 9,800 feet.
From studies of unit runoff with respect to watershed elevation (based
on the recorded flow of Plateau Creek and other project streams gaged
during the course of project investigations), it was estimated that
approximately 76 percent of the runoff of Big Creek, measured at the
gaging station, would be available for diversion at Bonham Reservoir.
This includes the runoff of East Fork above the point of feeder-canal
diversion. Table 16 summarizes the estimated annual runoff of Big
Creek at the gaging station, Big Creek at Bonham Reservoir, and
East Fork above the point of feeder-canal diversion for the period
1920 to 1945, inclusive.
Although the Big Creek watershed would be the principal source of

water supply for power and domestic use the runoff of the area is
inadequate to provide the full 20 second-feet of firm flow required
without the construction of costly hold-over storage. From a compari-
son of construction costs involved in supplementing the Big Creek
supply, it was found that diversion from the Cottonwood Creek water-
shed would be more desirable than additional hold-over storage on
Big Creek. Therefore, the project plan includes diversion through a,
collection feeder canal (capacity: 15 second-feet) heading on Cotton-
wood Creek immediately below Cottonwood Reservor No. 1 and ex-
tending to the Big Meadows Reservoir. Cottonwood tributaries in-
tercepted along the course of the feeder canal would be tapped by a
system of intake structures. From Big Meadows Reservoir, water
for power and domestic use would be conveyed by pipeline for a dis-
tance of 1.9 miles north to join with the main pipeline from Bonham
Reservoir.
The watershed tributary to the Cottonwood feeder canal and Big

Meadows Reservoir would consist of 8.5 square miles, or 53 percent of

2 Gaging station located in NEg sec. 6, T. 11 S., R. 04 W., operated since June 1945.
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the total Cottonwood Creek watershed above the gaging station.a
Like the area tapped on Big Creek, the contributing area on Cotton-
wood Creek would all be above an elevation of 9,800 feet. Relation-
ships established between unit runoff and watershed elevation show
that the runoff available to Big Meadows Reservoir and the feeder-
canal would constitute approximately 67 percent of the total Cotton-
wood Creek runoff at the gaging station. Table 17 summarizes the
estimated annual runoff of Cottonwood Creek at the gaging station,
tributaries above Big Meadows and Cottonwood No. 5 Reservoirs,
and tributaries above the feeder canal. -

TABLE 16.-Runoff of Big Creek at the gaging station and runoff available for power,
municipal, and domestic use

[Unit =1,000 acre-feet]

Irrigation-water year

•
(1)

Total
runoff of
Big Creek

at
gaging
station

(2)

Runoff of
Big Creek
at Bonham
Reservoir

(3)

Runoff of
East Fork
above
feeder-

canalintakediversion

(4)

Total
runoff

above the
pipeline

1 -

(5)

1920 38.0 14. 5 14. 0 28. 5
1921 41.0 16.3 15.3 31.6
1922 36. 5 13. 9 13.6 27. 5
1923 28.6 11.7 10.4 22.1
1924 23.8 9. 7 8. 3 18. 0
1925 21.8 9.6 7.3 16.9
1926 29. 7 12. 1 10. 4 22. 5
1927 30.6 12.2 11.0 23.2
1928 33.2 13.7 11.6 25.3
1929 40. 8 17. 5 14.8 32. 3
1930 26.3 11.7 9.5 21.2
1931 18.4 7.9 6.2 14. 1
1932 34. 7 13. 6 12. 5 26. 1
1933 24. 0 10. 2 8. 6 18. 8
1934 10. 5 5.3 3. 3 8. 6
1935 19.9 8. 5 7. 2 15. 7
1936 21.2 8.8 7. 1 15.9
1937 22. 7 8. 6 8. 1 16. 7
1938 34. 1 13.3 12.6 25. 9
1939 18. 3 7. 9 6. 2 14. 1
1940 17. 5 7. 3 5. 8 13. 1
1941 30.0 11.4 10.8 22.2
1942 30.7 12.3 11.3 23.6
1943 20. 5 8. 6 7. 1 15. 7
1944 28. 6 10.9 10. 8 21. 7
1945 28.2 11.3 10.2 21.5

Average 27. 3 11. 1 9. 8 20. 9

1 Total runoff available to the pipeline intake at Bonham Reservoir is equivalent to the sum of columns
3 and 4.

I Gaging station located in SE 3/4 sec. 3, T. 11 8., R. 95 W., operated since May 1945.
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TABLE 17.-Runoff of Cottonwood Creek at the gaging station and runoff available
for power, municipal, and domestic use

[Unit= 1,000 acre-feet]

.

Irrigation-water year

(1)

Total run-
off of Cot-
tonwood
Creek at

gaging sta-
tion

(2)

Runoff of
tributaries
above Big
Meadows

and Cotton
wood No. 5
Reservoirs

(3)

Runoff of
tributaries
above Cot-
tonwood

feeder canal

(4)

Total run-
off above
the pipe-

line intake 1

(5)

1920 16.3 2.4 8. 7 11. 1
1921 18. 7 2. 6 10. 1 12. 7
1922 15. 6 2. 1 8. 5 10. 6
1923 

.
13.6 1.9 7.3 9.2

1924 11.6 ' 1.6 6.3 7.9
1925 12.4 1. 7 6. 7 8. 4
1926 14. 7 2. 0 7. 9 9. 9
1927 14. 5 2. 0 7. 7 9. 7
1928 16. 7 2. 3 8. 8 11. 1
1929 21. 5 2. 9 11. 6 14. 5
1930 14. 7 2. 1 8. 1 10. 2
1931 10.3 1. 5 5. 9 7.4
1932 15. 9 2.3 8. 6 10.9
1933 12.4 1.8 6.6 8.4
1934 7.0 1.1 4.0 5.1
1935 9.9 1.4 5.4 6.8
1936 10. 7 1. 7 5. 9 7. 6
1937 10. 1 1.4 5.4 6. 8
1938 15. 1 1. 9 7. 7 9. 6
1939 9.9 1.4 5.2 6.6
1940, 9.4 1.2 4.9 6.1
1941 13. 4 1. 8 7.0 8.8
1942 14.4 2. 0 7.8 9.8
1943  . 11.0 1.4 5.9 7.3
1944 12.4 1.8 6.5 8.3
1945 13. 1 2. 0 7. 1 9. 1

Average 13.3 1.9 7. 1 9.0

1 Total runoff developed from the Cottonwood Creek watershed above Big Meadows Reservoir and the
feeder canal is equivalent to the sum of columns 3 and 4.

Storage for the power and domestic system. Storage facilities that
would be made available for use in the power, municipal, and domestic
system are listed by watershed as follows:

Active capacity

Big Creek watershed: (acre-feet)

Bonham Reservoir 6,200
Atkinson Reservoir 1,800
Silver Lake 170
Forty-Acre Lake 330
Big Creek No. 1 Reservoir 550

Subtotal 9,050

Cottonwood Creek watershed:
Neversweat Reservoir 320
Cottonwood No. 5 Reservoir 320
Little Meadows Reservoir 120
Big Meadows Reservoir 220

Subtotal 980

Total 10,030

1 Bonham Reservoir has a present capacity of
(active capacity: 6,200 acre-feet).

1,070 acre-feet, which would be enlarged to 6,300 acre-feet
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Plan of operation for the power, municipal, and domestic system.—
To provide ease in year-round operation and efficient use of available
water resources, the Big Creek watershed would be utilized as the
principal source of supply for power, municipal, and domestic water.
An average of 20,900 acre-feet annually, or about 70 percent of the
total runoff available to the power, municipal, and domestic system,
develops from this watershed. The fluctuating seasonal discharge of
Big Creek, however, would permit only a part of the runoff to be
diverted at a firm flow rate of 20 second-feet. The enlarged Bonham
Reservoir, together with 2,850 acre-feet of existing storage on the
watershed, approximately 75 percent of the annual power and domestic
requirement of 14,400 acre-feet, would be divertible from this source.
Runoff developed from Cottonwood Creek watershed above the
diversion facilities would be adequate to supply the additional water
needed for a firm-flow diversion of 20 second-feet in all years. Control
of such water would be provided by 980 acre-feet of existing storage
capacity on the watershed.
Bonham Reservoir would be used to provide final control of water

above the pipeline intake. The remaining reservoirs, being less
accessible, would be set to release water at a uniform rate during the
draw-down period each year. Therefore, considerable flexibility in.
operation would be possible during periods of high runoff after storage
capacity has been filled and while Bonham Reservoir was spilling.
At all other times, however, the following plan of operation would be
required to insure an adequate water supply. Diversions would be
made at the Bonham Reservoir pipeline intake at the rate of 1,000
acre-feet a month during the normal reservoir draw-down period
November to April, inclusive. During the same period, 200 acre-
feet of supplementary water would be diverted monthly by the Big
Meadows Reservoir intake to complete the full 1,200 acre-feet a month
required by the power, municipal, and domestic system. The winter
diversion from the Cottonwood Creek watershed would be maintained
by uniform releases of stored water from the existing reservoirs.
Big Meadows Reservoir would be used to collect such releases and
provide final diversion control. During the reservoir filling smson.
(May to October) the Catonwood Creek diversion would b. increased
to 400 acre-feet a month which would be supplied from the natural
flow collected by the feeder canal. This would permit the pipeline
diversion from Big Creek to be reduced to 800 acre-feet a month to
insure the maximum use of spring and summer runoff for filling
reservoirs and to delay draw-down on storage until November.
Spring runoff developing above the reservoirs on the Cottonwood
Creek watershed would be adequate to fill to capacity the reservoirs
of the Cottonwood system without encroaching on the required
summer diversion of 400 acre-feet a month.

Reservoir operation for the power and domestic system.—Monthly
operation studies have been prepared separately for the Big Creek and
Cottonwood Creek Reservoir systems. Individual study of each
reservoir in the two systems is deemed unnecessary because all spills
and storage releases would be available at Bonham and Big Meadows
Reservoirs. Evaporation from open water surfaces at the elevation
of these reservoirs (above 9,800 foot elevation) does not exceed the
normal evaporation and transpiration losses of the watersheds.
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Reservoir seepage losses, estimated at about 1 second-foot for Bonham
Reservoir, would be fully recoverable for use by downstream lands.
Such losses would therefore be compensated by an equivalent reduc-
tion in the necessary minimum bypass requirements of 3.5 second-feet
to Big Creek lands. Sufficient surplus flow would be divertible from
Cottonwood Creek to offset seepage losses from Big Meadows Reser-
voir. Seepage would return to the Cottonwood. Creek channel and
would not deplete the supply of lower lands.
The studies show that in all years of the study period, except 1934

and 1940, the storable flow of the two watersheds would have exceeded
the power and domestic system's demand on storage. Total hold-over
storage of 5,200 acre-feet in Big Creek and Cottonwood Creek Reser-
voirs would have been required to supply storage demands for the
extremely dry period from August 1933 to April 1935, inclusive. In
all years a firm supply of 20 second-feet of water would have been
provided for power, municipal, and domestic use. An average of
4,600 acre-feet of water annually would have spilled from Bonham
Reservoir, 3,150 acre-feet of which could have been utilized in the
production of nonfirm power. Water thus used in the generation of
nonfirm power would be diverted into the Southside canal or the
Cottonwood Creek channel from the tailrace of power plant No. 1 and
would not cause additional depletion of irrigation flow.
The following tables summarize the power and domestic water

operation studies for the Big Creek and Cottonwood Creek Reservoir
systems:



TABLE 18.-Summary of reservoir operation for the Big Creek system
[Total active reservoir capacity, 9,050 acre-feet. Unit=1,000 acre-feet]

Water year

(1)

1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 

Average 

Runoff
available
above

PiPeintake

N on-
divertible
runoff of
east fork
o BigB' f
Creek

Bypass
for stock

and
domestic
water
supply

Require-
ment for
power
and

domestic
system

Diversion to power
and domestic
system Reservoir

release to
power
and

domestic
s system

Mini-
mum

reservoir
content
during
yeary 

•

Water stored in
Big Creek reser-
voirs

-
iviaxi-
mum

reservoir
content
during
year

Total spill from
Bonham Reser-
voir

Surplus
flow

Replace-able from
Vega

Reservoir

Surplus
flow

Replace-
able from
Vega

Reservoir

Usable for
irrigation Waste

(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

28.5 8.4 1.3 10.8 4.2 2.2 4.4 4.8 4.2  9.0 1.4 6.8
31.6 9.2 1.4 10.8 4.6 2.4 3.8 5.0 4.0  9.0 2.4 7.6
27.5 7.8 1.5 10.8 &4 2.0 3.4 6.0 3.0  9.0 .7 7. 1
22.1 4.7 1.5 10.8 4.4 2.3 4.1 4.6 4.4  9.0 2.1 2.7
18.0 2,9 1.5 10.8 4.4 2.5 3. 9 5.8 3.2  9.0 2.6 .9
16.9 1.5 1.4 10.8 4.1 3.2 3.5 4.8 4.0 0.2 9.0 2.5  
22.5 3.9 1.4 10.8 5.9 2.1 2.8 6.5 2.5  9.0 8.2 3.5
23.2 4.6 1.5 10.8 5.1 2.4 3.3 5.4 3.6  9.0 3.9 2.1
25.3 4.8 1.4 10.8 5.7 2.4 2.7 6.3 2.7  9.0 4.9 3.4
32.3 6.4 1.6 10.8 6.5 2.4 1.9 7.1 1.9  9.0 4.2 9.3
21.2 2.5 1.6 10.8 6.2 2.4 2.2 6.8 2.2  9.0 4.1 2.2
14.1 1.1 1.4 10.8 4.5 2.6 3.7 5.9 3.0 .1 9.0 1.3 • . 1
26.1 6.0 1.5 10.8 4.9 2.2 3.7 4.9 4.1  9.0 3.0 4.4
18.8 3.2 1.5 10.8 4.5 2.1 4.2 .4.9 4.1  9.0 .6 2.8
8.6  1.5 10.8 2.3 3.0 5.5 5.2  1.8 7.0  
15.7 2.3 1.7 10.8 2.5 2.8 5.4  5.4 1.0 6.4  
15.9 1.9 1.5 10.8 3.5 2.8 4.5 1.9 4.3 1.9 8.1  
16.7 2.9 1.6 10.8 2.6 2.7 5.5 2.7 4.4 1.9 9.0 .6  
25.9 6.5 1, 5 10.8 4.5 .4 3.9 4.6 4.4  9.0 1.1 5.5
14.1 1.4 1.6 10.8 4.0 2.4 4.4 5.4 3.5 .1 9.0 1.1  
13.1 1.6 1.5 10.8 2.3 3.3 5.2 3.8 3.7 7 8.2  
22.2 5.2 1.4 10.8 4.2 2.3 4.3 3.2 5.8 .1 9.0 2.5 .7
23.6 4.9 1.4 10.8 5.5 2.0 3.3 6.1 2.9  9.0 ,5 6.4
15.7 1.2 1.4 10.8 4.2 2.2 4.4 4.4 3.0 1.5 9.0 2.0  
21.7 5.1 1.4 10.8 3.9 1.9 5.0 4.3 4.7  9.0 1.3 3.4
21.5 4.3 1.5 10.8 3.8 2.2 4.8 3.9 5.1  9.0 2.0 2.6

20.9 4.0 1.5 10.8 4.4 2.4 4.0 4.8 3.6 .4 8.8 1.8 2.8

Column 3. Diversions from east fork of Big Creek are limited by feeder canal capacity of 30 second-feet.
Column 4. Includes reservoir seepage losses (estimated 1 second-foot) which would aid in supplying winter bypass requirements of lower lands. Minimum bypass of 3.5

second-feet required for domestic and stock water needs.
Columns 6 and 10. Water available for diversion without encroaching on present irrigation rights.
Column 8. Reservoir releases as shown are distributed over portions of two separate draw-down periods and cannot be derived from other columns in this table.
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TABLE 19.-Summary of reservoir operation for the Cottonwood Creek system

[Total active reservoir capacity, 980 acre-feet. Unit =1,000 acre-feet]

Diversion to power
and domestic

Water stored in
Cottonwood Creek

Total spill from
Big Meadows

Runoff Require- system Reservoir Minimum reservoirs Maximum Total un-
diverted

Reservoir

available ment for releases to reservoir reservoir runoff
Water year above

•
power and power and content content above

pipe domestic Replace- domestic during Replace- during pipe Usable
intake system Surplus

flow
able from
Vega

system year Surplus
flow

able from
Vega

year intake for irri- Waste

Reservoir Reservoir
gation

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

920 11.1 3.6 1.8 1.2 0.6 0.4 0.6  1.0 6.3 0.6 0.6

921 12.7 3.6 1.8 1.2 .6 .4 .6  1.0 7.7 .7 .7

922 10.6 3.6 1.8 1.2 .4 .6  1.0 6.1 .4 .5

923 9.2 3.6 1.8 1.2
.6

.4 .6  1.0 4.9 .4 .3

924 7.9 3.6 1.8 1.2
.6
.6 .4 .6  1.0 3.9 .3 .1

925 8.4 3.6 1.5 1.6 .5 .5 .3 0.2 1.0 4.3 .4 .1

926 9.9 3.6 1.9 1.2 .5 .5 .5  1.0 5.5 .4 .4

927 9.7 3.6 1.8 1.2 .6 .4 .6  1.0 5.3 .6 .2

928 11.1 3.6 1.9 1.2 .5 .5 .5  1.0 6.4 .6 .5

929 14.5 3.6 2.0 1.2 .6 .4  1.0 9.2 .8 .9

930 10.2 3.6 2.0 1.2
.4
.4 .6 .4  1.0 5.7 .5 .4

931 7.4 3.6 1.4 1.6 .6 .4 .3 .3 1.0 3.5 .2 .1

932 10.9 3.6 1.9 1.2 .5 .5 .5  1.0 6.2 .6 .5

933 8.4 3.6 1.8 1.2 .6 .4 .6  1.0 4.2 .4 .2

934 5.1 3.6 .8 2.2 .6 .4  .4 .8 1.7  

935 6.8 3.6 1.2 1.6 .9  .4 .6 1.0 3.0  

936 7.6 3.6 1.5 1.6 .5 .5 .4 .1 1.0 3.5 .3
,

.2

937 6.8 3.6 1.2 1.6 .8 .2 .4 .4 1.0 3.0 .1 .1
938 9.6 3.6 1.7 1.2 . .7 .3 .7  1.0 5.3 .4 .3

939 6.6 3.6 1.3 1.6 .7 .3 .3 .4 1.0 2.8 .1 .1

940 6.1 3.6 1.1 1.7 .8 .2 .3 .4 .9 2.5  .1

941 8.8 3.6 1.7 1.2 .7 .2 .8  1.0 4.6 .4 .1

942 9.8 3.6 1.9 1.2 .5 .5 .5  1.0 5.4 .3 .5

943 7.3 3.6 1.7 1.2 .7 .3 .4 .3 1.0 3.5 .1 .1

944 8.3 3.6 1.7 1.2 .7 .3 .7  1.0 4.1 .4 .2

945 9.1 3.6 1.7 1.2 .7 .3 .7  1.0 5.1 .6 .2

Average 9.0 3.6 1.6 1.4 .6 .4 .5 .1 1.0 4.7 .4 .3

Columns 4 and 8. Water available for diversion without encroaching on present irrigation rights.
Column 11. Undiverted runoff of Cottonwood Creek above the feeder canal, part or all of which would be usable by present irrigators.
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Replacement of direct flew diversions.-An average of 4,800 acre-feet
of direct flow, usable by present irrigators, would have been diverted
annually during the period 1933 to 1945 for power and domestic
purposes. A maximum diversion of 7,400 acre-feet would have been
made in 1934. To replace water thus diverted it would have been
necessary to make concurrent releases from Vega Reservoir to Big
and Cottonwood Creeks lands. Conveyance losses of Southside canal
would have necessitated an average annual release of 5,300 acre-feet
of water and a maximum release in 1934 of 8,200 acre-feet. It would
be necessary to reserve 8,200 acre-feet of water in Vega Reservoir at
the beginning of each draw-down season to insure adequate replace-
ment. Only in extremely dry years, however, would the full amount
be required. In all other years, any reserved storage in excess of
replacement needs would be utilized to mitigate late-season irrigation
shortages. Table 20 is a summary of replacements required from
Vega Reservoir for the 13-year period covered by irrigation water-
supply studies.

TABLE 20.-Water required for irrigation replacements
[Unit =1,000 acre-feet]

Water year

(1)

Present irrigation diversions to be used for power
and domestic purposes Total

replace-
mentBig Creek Cottonwood Creek required

at Vega
Total Reser-Direct Diverted Direct Diverted voirdiver- for diver- for

sion storage sion storage

(2) (3) (4) (5) (6) (7)

1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 

Average 

2.1 0.0 1.2 0.0 3.3 3.6
3.0 1.8 2.2 .4 7.4 8.2
2.8 1.0 1.6 .6 6.0 6.6
2.8 1.9 1.6 .1 6.4 7.0
2.7 1.9 1.6 .4 6.6 7.2
2.4 .0 1.2 .0 3.6 4.0
2.4 .1 1.6 .4 4.5 4.9
3.3 .7 1.7 .4 6.1 6.7
2.3 .1 1.2 .0 3.6 4.0
2.0 .0 1.2 .0 3.2 3.5
2.2 1.5 1.2 .3 5.2 5.7
1.9 .0 1.2 .0 3.1 3.4
2.2 .0 1.2 .0 3.4 3.7

2.5 .7 1.4 .2 4.8 5.3

NOTE.-Column 7 includes Southside canal conveyance losses (0.5 percent per mile) from Vega Reservoir to points of lateral diversion.

Water operation for Vega Reservoir
Water available for storage.-Vega Reservoir storage would be sup-

plied from the runoff of Plateau Creek at the dam site and from feeder
canal diversions from Park and Leon Creeks. Approximately 90
percent of the runoff developed by the watersheds of Park and Leon
Creeks would be available for diversion to the feeder canal. The
storage supply, however, is subject to present direct flow rights of 12
small ditches serving 1,641 acres 4 of land below the reservoir basin
and above the confluence of Salt Creek and Plateau Creek. All
irrigated lands below Salt Creek are supplied full irrigation require-

4 Of the 1,69p acres of presently irrigated land below the reservoir site, 55 acres are irrigated by waterfrom off-channel springs.
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ments from return flow. The bypass requirement to satisfy the irri-
gation needs of the 12 ditches has been liberally estimated on a water-
duty basis of 45 irrigated acres per second-foot of flow. Downstream-
irrigation requirements together with 0.70 second-foot of flow for
Collbran domestic water supply would therefore require a total of 37
second-feet of flow during the irrigation season. The inflow to Pla-
teau Creek channel between the creek's confluence with Leon Creek
and its confluence with Salt Creek averages 7 second-feet during the
irrigation season and would be available to the presently irrigated
lands. The net reservoir bypass of natural flow required for existing
rights therefore would be 30 second-feet from April to September,
inclusive. During the remainder of the year 5 second-feet of flow
would be needed to satisfy the Collbran right and supply outlying
farmsteads with domestic and stock water. About 1 second-foot of
this amount would be provided by inflow below the feeder canal
diversion, and the remainder would be supplied from reservoir seepage
.and through the bypassing of water.
A capacity of 200 second-feet was determined as most suitable for

the Leon-Park feeder canal. A canal of smaller capacity would leave
valuable water undiverted during low-run-off years, while a canal of
larger capacity would not materially increase storable water during
such years.

Table 21 shows the water available for storage in Vega Reservoir
during the period of irrigation water-supply study. Proper allowances
have been made for bypassing of water from the reservoir. Feeder
canal diversions have been limited to 200 second-feet.

TABLE 21.-Storable water at Vega Reservoir
[Unit =1,000 acre-feet]

Irrigation water year

(1)

Runoff of
Leon and
Park
Creeks

(2)

Runoff of
Plateau
Creek at
dam site

(3)

Total
available

runoff

(4)

Total non-
storable
runoff

(5)

Total
storable
water

(6)

1933 49.0 1 11. 2 60.2 28.8 31.4
1934 17.1 1 4.0 21.1 6.6 14.5
1935 45.0 1 10. 1 55. 1 23.0 32.1
1936 40. 1 1 9.5 49.6 18.9 30.7
1937 52.4 1 10.1 62.5 29.4 33. 1
1938 86.6 17.6 104. 2 54.8 49.4
1939 35.7 7.4 43. 1 14.4 28.7
1940 32.6 6.6 39.2 17.4 21.8
1941 64.6 19.0 83.6 38.3 45.3
1942 68.8 1 22.6 91.4 36.1 55.3
1943 46.9 1 9, 5 56.3 19. 1 37, 2
1944 72.3 1 16.4 88. 7 43.3 45. 4
1945 64.8 1 14. 8 79.6 35.3 44.3

Average 52.0 12. 2 64. 2 28. 1 36. 1

1 Runoff estimated from correlation with Plateau Creek near Collbran.
Column 2. Runoff determined by subtracting the gaged runoff of Plateau Creek at Vega Reservoir site

from the gaged runoff of Plateau Creek below confluence with Park and Leon Creeks near Collbran. No
other tributaries enter the main creek between the gages.
Column 3. Gaged runoff of Plateau Creek at the reservoir site.
Column 4. Sum of columns 2 and 3. Runoff of Plateau Creek gaged near Collbran.
Column 5. Nondivertible flow as limited by a 200-second-foot feeder canal from Park and Leon Creeks

plus necessary bypass of water to senior rights on lower Plateau Creek.

Storage water required for irrigation.-Project water required for
irrigation has been analyzed individually for each of the areas served
by the Grand Mesa stream systems and Plateau Creek lands above
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and below the Vega Reservoir site. In determining the total irriga-
tion water needed, the requirement to meet ideal demand was com-
puted for the irrigable lands of each system. Requirements thus
obtained were used in initial operation studies, based on present
water supply as indicated by State water commissioner diversion
records, to determine the additional water needed at the ditch heading
of each stream system. Proper allowance was made for existing
storage on Big and Cottonwood Creeks that would be utilized for
power and municipal water supply. Estimated conveyance losses
(0.5 percent per mile from the head of the Southside canal to the
points of diversion for each stream system) were also considered in
determining total storage water needed at Vega Reservoir. Project
water required by lower Plateau Creek lands would not be supplied
through the Southside canal but would be provided by direct diver-
sions from the creek. The amount of water required for these lands
has been determined as the total ideal demand less the water by-
passed at the reservoir to satisfy existing rights. Plateau Creek
lands above Vega Reservoir would use water as in the past, and in
addition 100 acre-feet of stored water a year would be allowed these
lands by exchange.
The storage water requirements at Vega Reservoir for all project

lands are shown in table 22.

TABLE 22.-Total storage water required for irrigation (canal conveyance losses
included)

[Unit =1,000 acre-feet]

Year May June July August Sentem--ber Total

1933  • 1.5 0.4 6.5 6.3 6.0 20.71934 3.7 13.1 15.0 10.9 7.3 50.01935 3.5 6.1 6.3 4.9 21.11936 .7
.3
8.6 11.4 9.1 6.7 36.51937 3.0 8.2 6.5 4.9 22.71938 _ 

.1

. 1 3.5 4.7 3.2 11.71939 .4
.2
7.3 11.1 9.0 5.7 33.51940 7.5 10.9 9. 6 5. 1 33.31941 

.3
3.6 4.6 2.6 11.21942 

.3 .1
3.3 4.1 3.4 11.11943 

.2
1.2

.1
4.4 9.8 5.2 4.1 24.71944 1 2.4 4.7 4.0 11.51945 

.3
1.1

.

.4 4.5 3.9 2.9 12.9
Average 1.0 3.5 7.4 6.5 4.7 23.1

Reservoir operation.-Operation studies of Vega Reservoir consisted
of a monthly analysis of reservoir fill and draw-down based on the
runoff available during the period 1933 to 1945, inclusive. An esti-
mated 32 inches annually would be lost through evaporation from
Vega Reservoir (elevation 7,800 feet). Present losses in the reservoir
area, including evaporation and transpiration from irrigated meadows
and brush lands in the reservoir basin, are estimated at 19 inches.
Thus the net new loss would be 13 inches or approximately 1.1 feet
per year. With allowance made for the surface area during reservoir-
filling and draw-down operations, the average evaporation loss is esti-
mated at 700 acre-feet annually. Reservoir seepage losses, estimated
at about 1 second-foot, would be fully recoverable for use by lower
Plateau Creek lands. Such losses, therefore, would allow an equiv-
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alent reduction in the amount of water that would have to be bypassed
to meet existing rights.
' A reservoir with an active capacity of 29,000 acre-feet was found
to provide an average annual draft of 20,500 acre-feet during the
reservoir draw-down period. Full replacement of water used for power
generation and municipal purposes would have been made in every
year of the study and irrigation shortages would have occurred in
only 4 years. The only serious shortage in irrigation water supply
(46 percent) would have occurred in 1934. The average irrigation
shortage would have been 7 percent for the 13-year period. The
average annual spill from the reservoir would have been 12,100 acre-
feet. Operation studies for Vega Reservoir are summarized on an
annual basis in table 23.
The total storage capacity required of Vega Reservoir for proper

project operation was found to be 30,000 acre-feet. Use of storage
capacity would be as follows: Acre-feet
Irrigation water supply 15,400
Power and muncipal water supply 13,600
Dead storage and silt deposition 

Total 

1,000

30,000



TABLE 23.-Summary of Vega Reservoir operation

[Active capacity, 29,000 acre-feet. Unit=1,000 acre-feet]

Irrigation water yeLr

(1)

1932 
1933  
1934 
1935  
1936 
1937 
1938 
1939 
1940  
1941 
1942 
1943 
1944 
1945 

Average 

Filling season Draw-down season

Total
storable
water

at reser-
voir

Inflow
to reser -

voir

Evapo-
ration
from

reservoir

Replace-
ment of

municipal
and

power di-
versions

Releases
for irri-„
gati°"

Maxi-
mum
active

reservoir
content

Total
spill from
reservoir

T„fi„,„
'.""'"to reser-
voir

Evapo-
ration
from

reservoir

Replace-
ment of

municipal
and

power di-
versions

Releases
for irri-
gation

Active
hold-over
at end of
season

Total
shortage• •to irri-
gation

Shortage
of di-
version•require-
ment

(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Percent
12.0  

31.4 30.5 0.4  1.9 29.0 11.2 0.9 0.3 3.6 18.8 7.2  
14. 5 8. 0 . 2 1. 5  13. 5  6. 5 . 2 6. 7 13. 1  36. 9 46
32.1 29.9 .3 1.9 3.8 23.9  2.2 .3 4.7 17.3 3.8  
30. 7 26. 1 .2  . 7 29.0  4. 6 .3 7. 0 26.3  9. 5 12
33.1 31.3 .3 3.6 3.1 24.3  1.8 .3 3.6 19.6 2.6  
49.4 45.8 . 3  .3 29.0 18.8 3.6 .4 4.0 11.4 16.8  
28.7 2.5.5 .3  .4 29.0 12.6 3.2 .3 4.9 27.0  6.1 8
21.8 20.8 .2 1. 1 -3 19. 2  1.0 .2 5.6 14.4  18.6 23
45.3 44. 1 . 3  .4 29.0 14.4 1.2 .4 4.0 10.8 15.0  
55. 3 53. 8 .4  .3 29. 0 39. 1 1. 5 .4 3. 5 10. 8 15. 8  
37. 2 33. 0 .4  5. 6 29. 0 13.8 4. 2 .4 5. 7 19. 1 8.0  
45.4 45.4 .6 1.3 2.8 29.0 19. 7  . 2 2. 1 8.7 18.0  
44.3 40.3 .4  1.6 29.0 27.3 4.0 .4 3.7 11.3 17.6  

36. 1 33.4 .4 .7 1.7 26.3 12. 1 2. 7 .3 4. 5 16.0 8. 1 5.5 7

NOTE.-Reservoif leakage losses would be fully recoverable for use in supplying requirements to lower Plateau Creek rights. These losses were considered in determining storablewater as shown in column 2; therefore, they do not appear in the operation study.
Columns 5 and 11. Water required from Vega sto 'age to replace direct flow power diversions made adversely to present irrigation rights on Big and Cottonwood Creeks. In-

cludes Southside canal transmission losses from Vega Reservoir to points of use on Big and Cottonwood Creeks.
Columns 6 and 12. Storage demand of 20,650 acres of irrigable project lands above present water supply. Includes storage depleted by operation of the power and domestic sys-tem plus Southside canal transmission losses for all diversions.
Column 14. Total shortage to ideal irrigation div3rsion requirements.
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Stream depletion
Plateau Creek and tributaries.—Operation of the Collbran project

would deplete the present flow of Plateau Creek below the project
area by the amount of water consumed in providing a supplemental
irrigation supply to 18,340 acres of irrigated lands, a full irrigation
supply to 2,310 acres of new land, net reservoir evaporation losses,
and the water diverted out of Plateau Valley for the generation of
power and municipal use in Grand Valley. A summary of these
depletions on an average annual basis is given in table 24.

TABLE 24.—Annual project depletions, Plateau Creek and tributaries 1

Water use
Stream de-

pletion
(acre-feet)

Supplemental irrigation supply 3,100
Irrigation supply for new land 2,800
Power and municipal water supply 14,400
Reservoir evaporation 700

Total  21, 000

I Over and above present uses.

Colorado River below Grand Valley.—The depletion of the Colorado
River below Grand Valley would be the same as for Plateau Creek
less that portion of the 14,400 acre-feet diverted into Grand Valley
for power generation and municipal use which finds its way back to
the river. Part of the water so diverted would be returned directly
to the river from the tailrace of power plant No. 2. The remainder
would be used for domestic and municipal purposes in Grand Valley,
after which a portion, estimated at 50 percent, would return to the
river. Domestic and municipal needs are expected to require an
average of 6,100 acre-feet of water a year for the first 50 years and
10,300 acre-feet a year thereafter. Since only half of this would be
actually lost to the river, the losses would be about 3,000 acre-feet
and 5,200 acre-feet, respectively. The following table summarizes
the estimated average annual depletions of the Colorado River that
would occur below Grand Valley in over 100 years, considered as
the useful life of the project.

TABLE 25.—Project stream depletion, Colorado River I

Water use
Stream de-

pletion
(acre-feet)

Irrigation in Plateau Valley 5,900
Reservoir evaporation 700
Domestic and municipal supply in Grand Valley 4,100

Total  10,700

1 Over and above present uses.

The stream depletion resulting from the Collbran project would be
small in relation to the Colorado River Basin water supply. The
Colorado River compact apportions to each of the upper and lower
basins in perpetuity 7,500,000 acre-feet of water annually for beneficial
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consumptive use. A compact among the upper basin States appor-
tions 50,000 acre-feet of upper basin water annually to Arizona and
awards to Colorado the right to use 51.75 percent of the remainder
or approximately 3,855,000 acre-feet a year. Present water uses in
Colorado, including potential uses under authorized projects, probably
consume less than half of the State's total apportionment so that
about one-half remains for future development. A depletion of
10,700 acre-feet by the Collbran project would amount to only about
one-half of 1 percent of the water available for future development
in Colorado under the terms of the upper basin compact.



CHAPTER III

DESIGNS AND ESTIMATES

GEOLOGY

Regional geology
All the project works would be located along the northeastern slope

of Grand Mesa. Geologically the mesa is composed of horizontally
bedded, tertiary rocks belonging to the Wasatch and Green River
formations and capped by a lava flow of Quaternary basalt. During
Pleistocene times, the mesa was covered by sheet-like glaciers. Glacial
scouring produced the many small mesa lakes and the heterogeneous
deposits of glacial debris which mantle a large part of the surface rock.
These glacial deposits cover the lava in varying depths from one
hundred to several hundred feet.

Vega Reservoir and Dam site
Reservoir basin geology.—Sedimentaries of the area vary in character

from place to place, but at the Vega site the shales are a reddish color,
with intervening beds of a medium-grained, friable gray sandstone.
The rock is compact but generally not hard, weathering easily to form
a deeply alluviated country.
The bedrock valley is deeper and wider than the present over-

burden valley. This former wide valley was filled by alluvial fan
deposition, which elevated Plateau Creek and crowded it to the north
side of the bedrock valley. The steep channel in which the creek now
flows is eroded into the toe of the fan, in places leaving wedges of
debris and in other places flowing against rock itself. The climatic
conditions which gave rise to fan deposition no longer exist, for the
present streams are scouring and dissecting the fan. In a sense, the
fan is a large natural dam across the valley, the reservoir basin being
aggraded with silts and coarse gravels to the present level of stream
scour across the fan. Gonsidering the compact, tight character of the
deposit, there is no doubt but that the reservoir will adequately hold
water.
Dam site geology.—The dam site is an erosional narrows cut across

the toe of a large fan. Overburden debris covers bedrock at the dam
site to a depth of 135 feet, becoming progressively deeper to the south.
The success of any dam in this channel, therefore, depends upon the
acceptance of the fan debris as a foundation. The fan is composed of
clayey silt containing basalt boulders of all sizes. It is compact and
seepage tests indicate that it is watertight. Even with a high water
table, little or no slumping of side slopes has occurred, and other
field evidence indicates good stability.

Detailed exploration was made of three possible dam axes (A, B,
and C, listed in order moving upstream). Ten holes were drilled,
and eighteen test pits were dug, with seepage tests made where
necessary. Rock is exposed only at the uppermost (C) axis and there
only to a limited extent on the right abutment. It consists of hori-
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zontal, clayey shale. The left abutment and foundation of the dam
would rest on the fan material. At both A and B axes the dam foun-
dations and abutments would rest entirely on fan deposit. Of the
three possible axes, B is the least desirable since the fan material of
this axis is more clayey in character than the other two. Either the
A or C axis would be acceptable for dam construction. The A axis,
however, is preferable. Bedrock is exposed on the right abutment
of axis C, but it would be little or no better than the compact over-
burden material at axis A. Much less embankment material would
be required at axis A than at either of the other sites.

Construction materials.—The only material at hand for dam embank-
ment is the fan debris itself. It appears acceptable for the impervious
embankment, although it may be too impervious for the free draining
sections. It probably can be adapted, however, and deserves labora-
tory study.

Acceptable rock for fill and riprap is not plentiful, and exploration
would be required to locate the most economical source. The basaltboulders of the fan are too scattered to be used economically. The
neighboring Wasatch sandstones are generally too soft for use, but
possibly on detailed exploration some suitable ledge may be located.
The only other suitable rock, except Mesa Verde sandstone thatwould have to be hauled a long distance from below Collbran, is thebasalt boulders concentrated in workable deposits on the peninsulaimmediately east of Collbran, 5 to 8 miles from the site.

Collbran is the nearest source of concrete aggregate.
Bonham Reservoir and Dam site

Reservoir geology.—The present Bonhan Reservoir occupies a basinentirely surrounded and underlain by a thick deposit of glacial till.
Since the reservoir has operated many years without seepage losses, itis fairly certain that no serious losses would occur with an increase in
the storage. The material above the, present reservoir surface isessentially the same as that below and consists of sufficient fine clayand silt to render it impermeable to percolating waters.
Dam site geology.—It is planned to construct a new structureslightly upstream from the present dam and dike. Since all materialin this vicinity consists of glacial debris, a new structure would beinvolved with only these sediments. The. glacial deposits rangethrough clay, silt, sand, gravel, and large angular blocks of basaltlava. The proportion of clay is sufficiently high to prevent surfaceperculation. No evidence is visible of any seepage through the abut-ment or beneath the present structure, even though no cutoff wallhas been constructed. Three test pits were dug ranging from 8 to 24feet in depth in order to test the permeability of the material abovethe present water surface. The pits were filled with water and thedraw-down measured at frequent intehrals. Very little loss in thesepits was recorded in a 24-hour period.
Sufficient gravel and boulders are scattered throughout the glacialmaterial to assure good stability. This is believed competent to sup-port an earth dam of the height contemplated with no danger ofsliding and with only a minor amount of settlement in the abutments.Since the foundation material is uniform on both sides, there is nogeological preference in the location of an outlet works or spillway.
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They should be located where construction could be most economically
undertaken.

Construction materials.—Except the pits which were dug for percola-
tion tests, no exploration has been made for construction materials.
These pits, however, indicate what impervious embankment materials
are located in the surrounding area. An unlimited supply of this
type of material is doubtless deposited to the east and downstream
from the present dam. This is believed to be entirely suitable for
impervious embankment materials. This material is expected to
yield between 5 and 15 percent of oversize cobbles and angular
boulders which can be utilized as rock fill and for. riprap purposes.
If sufficient riprap rock cannot be obtained from the embankment
material, additional rock of excellent quality may be obtained from
basalt quarries within 2 miles of the site. Concrete aggregate would
probably have to be hauled from Plateau Creek or Grand Valley.
Other features

All project works, except penstock No. 2, power plant No. 2, and
the pipeline in Grand Valley below power plant No. 2, would be located
either on Grand Mesa or just below the steep escarpments leading to.
the mesa rim. Most of the excavation for the canals and pipelines
would be compact, clayey silt interspersed with basalt stone and
boulders. The material through which canals and pipelines above
penstock No. 2 would be cut was classified for cost estimate purposes
according to the percentage of rock indicated by surface showing
correlated with observations of present road and ditch cuts through
the respective areas.
In dropping to the floor of Grand Valley, penstock No. 2 would

traverse the vertical cliffs of the Wasatch formation east of Palisade.
Excellent opportunity exists for anchoring this structure directly to
the exposed face of the shale and lensed standstone bedrock. Power
plant No. 2 would be constructed on river fill above the high water
level south of the Colorado River near Cameo. The municipal and
domestic water supply line from the tailrace of power plant No. 2 to
the potential equalizing storage reservoir of Grand Junction would
traverse the river terrace' generally parallel to the Colorado River.

PROBLEMS OF DESIGN AND CONSTRUCTION
• Accessibility

Cameo, the railhead nearest the project structures, is located on
the main line of the Denver & Rio Grande Western Railroad and is
connected to United States Highways N os. 6 and 24 by a bridge
across the Colorado River.
The town of Collbran, being centrally located with respect to all

project works, would be the most favorable site for a construction
camp. Two buildings would be required at each of the dam sites.
The haul from Cameo to Collbran is about 24 miles over an all-
weather State highway. Vega Dam site is accessible from Collbran
by 6Y2 miles of State highway and 33 miles of unsurfaced road main-
tained by Mesa County. Eleven miles of unsurfaced State highway-
provide access to Bonham Reservoir from Collbran. Travel on this
road is difficult during wet weather, and some surfacing may be
necessary.
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The lines to be traversed by the potential pipeline and Southside
canal are crossed at varying intervals by unimproved, county-main-
tained roads. Intermediate access to these lines and to Big Meadows
Reservoir would require the construction of service roads, which
would later be used to facilitate maintenance during project operation.
The construction of such roads has been considered in cost estimates
of project works.

Rights-of-way
Acquisition of right-of-way would involve purchase of private lands

and withdrawal of public lands. The Vega Reservoir site is on pri-
vately owned irrigated land on which minor improvements have been
made. Bonham Reservoir, including the area needed for enlarge-
ment, is entirely on national forest lands. All other structures for
the project, including feeder canals, pipelines, power features, and
service canals, would be constructed on both private and public lands.
Where only the pipeline is involved it may be advisable to acquire
easement through private lands rather than purchase the land out-
right. Essentially all private lands that would be crossed by the
Southside canal have been patented since October 2, 1888. Rights-
of-way for canals, therefore, are reserved by act of Congress, August
30, 1890.

Design flood
Maximum probable floods at each of the potential dam sites have

been estimated in conformance with standard practices. Consider-
ation was given to the runoff that might result from maximum pre-
cipitation, snow melt, or cloudburst action, based on the character
and size of the contributing watersheds. The maximum probable
flood at Vega Dam site was estimated at a peak of 5,900 second-feet
with a probable 15-day flood volume of 28,500 acre-feet. The maxi-
mum probable flood at Bonham Reservoir would have an estimated
peak discharge of 1,400 second-feet. Flood routing studies, using
the maximum probable floods, were fully considered in determining
proper spillway design for the respective reservoirs.

Construction period
With concurrent construction of Vega and Bonham Dams, a period

of 4 years would be required for project completion. Both dam sites
are located at high elevations subject to freezing temperatures during
the winter months, November to April. Placement of earth embank-
ment and pouring of concrete, therefore, could best be accomplished
during the summer months.
The first year of the construction period would be required for pre-

construction work, including further testing of dam sites and con-
struction materials, field surveys, preparation of plans and specifica-
tions, and acquisition of rights-of-way. The construction camp would
also be built the first year, and some stockpiling of construction ma-
terials would probably be accomplished. Preparation of dam founda-
tions, further stockpiling of materials, and construction of spillway
stilling basins and outlet works could be accomplished during the
second year. It may also be found feasible to begin placing of earth
embankment for coffer dams during the late summer of the second
year. The third year would properly be devoted to the completion
of coffer dams, followed by excavation of cut-off trenches, and the
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placing of dam embankment. Dam embankment would be com-
pleted early in. the fourth year with sufficient time remaining for con-
struction of spillways and riprapping of dam faces.

Because construction of the dams would require the greatest amount
of work under confined operations, such work has been considered as
the limiting factor in. the time required for project construction. All
work on other features of the project could be completed concurrently
with construction of the dams. Construction of the canals and pipe-
line could be performed by sections or units to expedite completion
within the 4 years.

It would be most favorable to complete the canals, pipelines, and
power features before or simultaneously with the dams to permit full
operation of the project at the earliest possible date. Winter weather
which would retard dam construction would also retard construction
of canals, pipelines, and other work involving excavation and pour-
ing of concrete. The foundation and superstructure for power plant
No. 1 would have to be built during summer months. Interior finish-

ing and installation of equipment, however, could be accomplished

during the winter if necessary. Power plant No. 2, transmission
lines, and switchyard could be worked on throughout the year.

Special problems
The earth embankment for Vega Dam would rest on a foundation

of alluvial fan material. Special care would be rd•quired in the final

design of a dam structure, spillway, and outlet works supportable by

this material. The fan material to be used in dam embankment is

uniform in texture and permeability. Careful grading would be re-

quired, therefore, to meet zoning requirements in the free draining

section of the dam.
The only unusual problem in the construction of the, Southside

canal is expected in the slide area approximately 770 feet wide be-

tween Spring Creek and Coon Creek. The slide terminates on the

edge of a sandstone ledge which underlies the talus material. A

closed conduit, embedded in the sandstone, would provide the most

satisfactory means of spanning this section.
The Fish and Wildlife Service recommends a vertical drop of at

least 4 feet in the lower chute from the Leon-Park Creek feeder canal

into Vega Reservoir to prevent detrimental upstream migration of

fish during the spawning season. The steep natural drop into the

reservoir basin lends well to the design of an 8-foot vertical drop struc-

ture of this type at little or no extra cost.
Careful study would be required in the design and construction of

anchors and hangers needed to tie penstock No., 2 to the exposed

sandstone cliffs near Cameo. •
The soils below power plant No. 2 are corrosive in nature. There-

fore special care would be necessary in selecting construction materials

for the pipeline from the power plant to the potential Grand Junction

equalizing reservoir. Special care also would be required in. making

the structural design of the pipeline.

PROJECT WORKS

Storage
Vega Reservoir and Dam.—The reservoir with a normal water sur-

face elevation of 7,980 feet would store 30,000 acre-feet of water. Of
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the total capacity 29,000 acre-feet would be active while 1,000 acre-
feet would be dead storage to provide for siltation and maintenance of
fish life. The reservoir, when full, would have a surface area of 840
acres and would inundate about 3% miles of existing secondary road.
It would be necessary to relocate this road around the north side of the
reservoir basin and to construct an access road across the dam crest
to irrigated lands south of the basin. In all, 1,550 acres of privately
owned land would be required for reservoir right-of-way. Of this 920
acres are presently irrigated class 1 and 2 lands and 630 acres are
brush land and unirrigated mountain pasture. Clearing the area
would be relatively simple, requiring the removal of 18 small farm
buildings and clearance of a small area of quaking aspen and spruce
bordering the irrigated lands.
Vega Dam, as shown in drawing No. 482—D-1, would be a rolled

earth-and rock-fill structure with a maximum height of approximately
140 feet above stream bed, a crest length of 1,765 feet, and a crest
width of 35 feet. The crest would be provided with a concrete parapet
and curb. The upstream face of the dam, bound by 3 feet of rock
riprap, would have a slope of 3 to 1 from the crest elevation at 7,991
feet down to a 20 foot berm at elevation 7,910. The slope from the
berm would continue at 5 to 1 to the ground surface. The downstream
face of the dam would have a rock-filled cover with a slope of 2% to 1
from the crest down to elevation 7,920 and then 4 to 1 to the ground
surface. Dam embankment would be of zoned construction so .that
the more impervious materials would be placed in the central portion
and graded to pervious materials toward the outer slopes of the fill.
The downstream toe of the dam would be drained by sewer pipe
embedded in gravel. The cut-off trench, located 110 feet upstream
from the dam axis, would have a bottom width of 30 feet with 1 to 1
side slopes. Cutoff trench excavation would be omitted at the section
crossed by the outlet conduit, and underseepage would be prevented
by a suitable concrete cutoff structure.
The reservoir outlet, designed for 300 second-feet of capacity, would

be placed in a trench on the left abutment of the dam and would
consist of a standard concrete horseshoe conduit approximately 800
feet in length. Concrete collars would prevent seepage along the
outside of the conduit. The upper 410 feet of the conduit would be
5 feet in diameter and the remainder 8 feet in diameter. At the lower
end of the 5-foot section a high pressure emergency gate would be
installed. Water discharged from the emergency gate would be con-
veyed through the 8-foot horseshoe section by a 51-inch steel pipe.
•The lower end of the steel pipe would be fitted with a wye and two
hollow-jet valves to control the outlet discharge. The• valves would
be protected by a valve house equipped with a lifting crane. Discharge
from the hollow-jet valves would be made into a concrete stilling basin.
A square trash rack would be placed in the center of the upstream
berm of the dam (elevation 7,910 feet) and would be connected to the
outlet conduit by a vertical shaft.
Bonham Reservoir and Dam.—The reservoir with a normal water

surface elevation of 9,837 feet would have a capacity of 6,300 acre-feet.
Of the total capacity 6,200 acre-feet would be active, and 100 acre-feet
would be reserved as a dead storage pool. The reservoir, when full,
.would inundate 200 acres, including the 70 acres now occupied by an
existing reservoir of the same name. Since the reservoir would be
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entirely within the Grand Mesa National Forest, right-of-way could
be acquired almost without cost except for the engineering and legal
work involved. Clearing of the reservoir basin would consist of the
removal of forest vegetation bordering the existing reservoir.
The dam, as shown in drawing No. 482-4-11, would be a rolled

earth-fill structure extending 80 feet above stream bed. The crest
at elevation 9,847 would be approximately 2,170 feet long and 30
feet wide. No provision would be made for a roadway across the
crest of the dam. The upstream slope would be protected with a
3-foot layer of riprap overlying a rock-fill section of varying thickness
down to elevation 9,782, the location of a 20-foot berm, then on a 5:1
slope to the ground surface. The downstream slope would be 2:1
to elevation 9,796, then 5:1 to the stream bed. The rock-fill section
downstream would be 5 feet wide at the crest with variable slope to
utilize available rock material screened from borrow pit excavation
used in the rolled earth-fill portion of the dam. The dam foundation
would be stripped to an average depth of 2 feet over the entire area,
and a cut-off trench would be excavated to a depth of 30 feet below
stream bed. The trench would be 30 feet wide in the bottom, with
1:1 side slopes. The downstream toe of the dam would contain a toe
drain.
The reservoir outlet, extending through the dam near its center,

would consist of an inlet channel 75 feet long, a trash rack, a concrete
conduit 36 inches in diameter and 155 feet long, a gate chamber, a
6.5-foot concrete horseshoe conduit 200 feet long with a 36-inch steel
pipe on the inside, a valve house, and a stilling basin connected directly
to the stream channel below the dam. Both conduits would have
cut-off collars spaced at 20- and 30-foot intervals upstream and down-
stream, respectively, from the gate chamber. The gate chamber
would be located about 5 feet upstream from the axis of the dam and
would contain one 36-inch standard wedge type gate valve for emer-
gency operation. The valve house would be a concrete structure
20 feet square and 12 feet high containing a wye transition to the
power and municipal pipeline and to a 30-inch emergency outlet to
the stilling basin. Each pipe has a 30-inch gate valve for emergency
operation and a high pressure sliding gate for regulation.
The spillway located on the left abutment would consist of a 30-foot

concrete ogee weir with a crest elevation of 9,837 feet. With a maxi-
mum water surface elevation of 9,841 feet the discharge would be 665
second-feet. The open channel below the crest would be concrete
lined with a bottom width varying from 30 feet at the crest to 10 feet
in the steeper chute section leading to the stilling basin. The height
of the vertical side walls would vary from 13 feet at the dam crest to
6 feet in the steeper section. The outlet channel from the stilling
basin to the creek channel would be protected by 2 feet of riprap.

Canals
Leon-Park feeder canal.—A feeder canal from Leon and Park Greeks

would be constructed to provide adequate water for storage at Vega
Reservoir. The canal (capacity 200 second-feet) would head on Leon
Creek at elevation 8,300 feet and cross the divide into the Park Creek
channel. The natural channel of this creek would be utilized to convey
water down to an elevation of 8,000 feet. At this point, the flow would
be rediverted and carried by a second section of canal around the
divide into Vega Reservoir basin.
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Included in the two sections of canal, as shown on drawing No.
482—P-68, are 2.1 miles of unlined earth section. Diversion structures
would be constructed on Leon and Park Creeks, and a chute structure
would be placed at the end of each earth section of the canal to drop
into Park Creek and Vega Reservoir. The chute into Park Creek
would be 220 feet long with a vertical drop of 92.6 feet. The chute
into the reservoir would be 1,655 feet long with a drop varying from
8 to 83 feet depending on the water surface elevation of Vega Reservoir.
The minimum drop of 8 feet would be made by a vertical structure in
order to prevent upstream migration of fish through the canal. Out-
let gates were incorporated in the design of the two diversion dams to
allow the bypass of 42 second-feet pf water from Leon Creek and 40
second-feet from Park Creek for the irrigation of downstream lands.
The gates would also act as sluiceways for the removal of any deposi-
tion above the dams.
The canal would be constructed through material consisting largely of

compact clay, silt, and boulders. The topography of the area through
which it would pass is steep with narrow divides between creek chan-
nels. A heavy growth of scrub oak and other brush covers the area
with scattered tracts of conifers and quaking aspen. The cost of
acquisition and clearing of the canal right-of-way would be small. It
would be necessary, however, to construct two small bridges across
the canal to permit access to range lands above.
East Fork feeder canal.—This canal (capacity 30 second-feet) would

divert water from East Fork of Big Creek at an elevation of about
9,860 feet and convey it 1.1 miles to a chute structure dropping into
the Bonham Reservoir Basin. Storage water released from Atkinson
Reservoir would enter the canal at an intake structure to be constructed
at a point where the canal would cross a small natural drainage about
0.9 mile downstream from the diversion works on East Fork. Con-
struction of the canal would be relatively simple consisting of the
excavation of an earth section across moderate transverse slopes.
The entire area to be traversed by the canal lies within the Grand
Mesa National Forest, and it is covered by growths of fir and spruce
interspersed with tracts of grassy mountain pasture.

Cottonwood feeder canal.—This unlined canal with a capacity of 15
second-feet would divert water from Cottonwood Creek a short distance
below Cottonwood Reservoir No. 1 and convey it 2.1 miles to Big
Meadows Reservoir. Along the course of the canal two small intake
structures would be constructed at natural drainage crossings to pick
up storage releases from Cottonwood Reservoirs Nos. 4 and 5. The
area that would be traversed by the canal consists entirely of national
forest lands. The vegetative cover is similar to that that would be
encountered by the East Fork feeder canal.
South side canal.—This canal, which would be about 30 miles in

length, would deliver irrigation water from Vega Reservoir to project
lands. With minor exceptions it would consist of unlined earth
section. From Vega Reservoir to Salt Creek the canal would have a
capacity of 225 second-feet, and thereafter the capacity would be
decreased at intervals to 40 second-feet at.the termination near Mesa.
The first 9 miles of canal, from Vega Reservoir to Tea Creek, would

present the most difficult problems of location. In this section the
grade of the canal would be dropped about 800 feet in elevation by a
system of chute structures. Such a drop, however, would permit
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considerable flexibility in the selection of the most favorable location.

for the canal across the steep transverse slopes it would encounter.

Two siphons would also be required in this section. They would be

1,050 feet and 1,425 feet in length and would be constructed at the

crossing points of Park and Leon Creeks, respectively.
The canal from Tea Creek west would be constructed through rela-

tively flat transverse slopes with adequate flume or siphon structures at

stream crossings. One section of concrete bench flume, 260 feet long,

and a closed conduit, 770 feet long, would be required between Spring

and Coon Creeks where terrain features would make construction of

earth section unfavorable. A system of 29 turn-out structures along

the canal would deliver water to existing irrigation laterals of the

project lands.
Most of the private lands along the canal route have been patented

since 1888. Right-of-way, therefore, is reserved for canal construc-

tion. Clearance of right-of-way would involve the removal of a

heavy growth of scrub oak, service berry, and other brush.

Other features—Pipeline and power facilities

Water for power, municipal, and domestic use would enter the pipe-

line system at the outlets of the Bonham and Big Meadows Reservoirs.

Pipelines from these reservoirs would join at a point approximately

4Y2 miles northwest of Bonham Reservoir and about 2 miles north of

Big Meadows Reservoir. From this point a single flow-line pipe would

extend about 0.7 mile to penstock No. 1, through which the wat
er

would drop to power plant No. 1 located at Cottonwood Creek, abo
ut

3.5 miles southeast of Molina. Water released from the power plant

would be collected in an afterbay reservoir and then conveyed by a

flow-line pipe to penstock No. 2. This penstock would drop the water

to power plant No. 2 located on the east bank of the Colorado R
iver

near Cameo. Water released from power plant No. 2 would be made

available to the potential domestic and municipal water-distributi
on

system, to be constructed by the water users through a flow-line pi
pe

that would extend to the potential Grand Junction equalizing reser
voir

about 4 miles northeast of the city.
Pipeline—Bonham Reservoir to penstock No. 1.—All project pipelin

es

above power plant No. 1, including the penstock, would be bu
ried

with a minimum cover of 30 inches of compacted backfill. For this

analysis, it has been assumed welded steel pipe would be used fo
r all

pipelines and penstocks. Further study should be made prior to

project construction, however, to determine the advisability of p
lacing

precast concrete pipe through sections with low-pressure heads. O
ver

the 5Y4-mile section from Bonham Reservoir to penstock No. 1
 the

pipe would be 30 inches in diameter and of welded steel cons
truction,

designed to carry 30 second-feet of flow. The soil in this area is free

of corrosive agents, making wrapping of the pipe unnecessary. 
Pipe

thickness, based on operating head, would vary from standard 7 
gage

to seven-sixteenths of an inch. The line would traverse national-forest

lands throughout its length. Conifers and quaking aspen trees would

have to be cleared.
Because Bonham Reservoir is slightly, higher in elevation than

 Big

Meadows Reservoir, a pressure-reducing valve would be instal
led in

the Bonham line to prevent back flow into Big Meadows Reserv
oir.

Pipeline—Big Meadows Reservoir to Bonham line.—This sectio
n of

pipeline would extend about 2 miles from the Big Meadows Res
ervoir
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to join with the line from Bonham Reservoir. Throughout its lengthit would be standard 7 gage, welded steel pipe, 20 inches in diameter.The line would traverse only national-forest lands, and right-of-waypreparation would require the clearing of conifers and quaking aspentrees.
Pipeline—Power plant No. 1 to penstock No. 2.—This pipeline wouldhave a capacity of 20 second-feet and would, extend approximately 17miles from an afterbay reservoir near power plant No. 1 to the headof penstock No. 2. It would consist of coated and wrapped weldedsteel pipe 30 inches in diameter with thickness varying from standard7 gage to three-eighths inch except for a section approximately 4 mileslong across the valley of Mesa Creek. This section, acting as aninverted siphon under greater head than the rest of the pipeline, wouldbe 22 inches in diameter and would vary in thickness from one-fourthinch to three-eighths inch. It would be necessary to obtain an ease-ment right-of-way through privately owned lands for much of thepipeline. The remaining lands through which the pipe would passare public domain and would be withdrawn in order to permit con-struction. A heavy growth of scrub oak, service berry, and otherbrush along the route of pipeline would have to be cleared.Penstock No. 1.—This power penstock would be approximately 9,750feet in length and would drop water 2,600 feet from the Bonham lineto power plant No. 1. Welded steel pipe varying from 30 inches to23 inches in diameter and from seven-sixteenths inch to -1% inches inthickness would be required. About 75 percent of the line wouldtraverse public lands, and the rest would be located on unimprovedprivate grazing lands, over which an easement right-of-way would berequired. Right-of-way clearance would consist mainly of the removalof scrub oak, service berry, and other brush.Penstock No. 2.—This penstock would be approximately 4,300 feetin length and would have a maximum static pressure head of 1,860feet or an effective head of about 1,770 feet when friction losses arededucted. The penstock would drop water from the top of a ridgedown an exposed sandstone cliff. It would be tied to the cliff byreinforced concrete hangers and anchors. The sections above andbelow the cliff face would be coated, wrapped, and buried to a mini-mum depth of 30 inches. Welded steel pipe, varying from 30 to 24inches in diameter, would be used for this structure. Pipe thicknesswould vary from one-fourth inch at the top of the penstock to 1 inchat the bottom. Little or no clearing of vegetation would be required.Right-of-way would be acquired by purchase of an easement throughprivately owned grazing lands.Power plant No. 1.—Both plants Nos. 1 and 2 would be powered byimpulse turbines (Pelton waterwheels). This type of turbine wouldoperate most efficiently with a small quantity of flow under high headas planned for the project. Water from both plants would be by-passed for municipal and domestic use during periods of shutdownsrequired for plant repair or maintenance.Power plant No. 1 would have an installed capacity of 5,000 kilo-watts and would provide for the semipeaking of power by operatingunder a planned load factor of 70 percent. It would generate anaverage of about 3,500 kilowatts from an average flow of 20 second-feetof water under an effective head of approximately 2,590 feet. Amaximum output of 5,000 kilowatts would be generated from 30
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second-feet of flow under an effective head of about 2,460 feet. Bon-

ham Reservoir would be utilized as forebay storage in the operation

of this plant. The generator and impulse turbine would be housed in

a concrete building. Approximately 17 miles of transmission line

would be constructed to deliver power to a switching station which

would be located near power plant No. 2.
An afterbay storage reservoir would be constructed at the tailrace

of power plant No. 1. It would be a reinforced concrete structure

with a capacity of 10 acre-feet and would be used to facilitate delive
ry

of a firm flow of 20 second-feet to the pipeline leading to power p
lant

No. 2. There are no suitable natural storage sites between power

plant No. 1 and penstock No. 2 that would provide adequate afte
rbay

storage.
Power plant No. 2.—This plant would have an installed capacit

y of

2,400 kilowatts and would operate as a base-load plant. A
 flow of

20 second-feet would be delivered to the plant continuall
y under an

effective head of about 1,770 feet. The generator and impulse turbine

would be housed in a concrete building. A single 7,400
-kilowatt

switching station would be constructed near power plant 
No. 2 to

control the distribution of power generated by both of the
 project

plants.
Service roads and rights-of-way.—Approximately 32 miles of 

unsur-

faced service roads would be required to facilitate mainten
ance and

construction of the features for power and domestic water s
upply.

Valley pipeline—Power plant No. 2 to equalizing reservo
ir.—Thia

pipeline would be about 13 miles in length. It would consist of steel-.

lined concrete pipe or other material capable of withstanding
 the cor-.

rosive action of the valley soils. Right-of-way for the structure wouldt

be required through irrigated farm land.

COST ESTIMATES

Construction
Costs of constructing the major features of the project were esti-

mated from unit prices prevailing at the time the studies were made.

The estimates have been converted to July 1948 prices, which are

essentially the same as October 1949 prices, by the application of

proper indexes.
Costs, for major engineering and overhead and construction camps

are included in the estimated construction costs of the major project

works. Other undistributed engineering and overhead is estimated at

$353,000 (3 percent of construction costs exclusive of investigations

and operation and maintenance during construction). Cost estimates

of the valley pipeline below plant No. 2 were prepared by the R. J.

Tipton & Associates, engineering firm of Denver, acting in the inter-

ests of the city of Grand Junction.
To derive maximum fishery benefits from the project, the Fish and

Wildlife Service recommended construction of fish screens at project

canal diversion works and at the pipeline intakes at Bonham and Big

Meadows Reservoirs. Construction of such fish screens has been in-

cluded in the project plan. The cost of constructing the 'screens is

estimated at $3,000 at July 1948 prices.
The total estimated cost of the project works at July 1948 prices is

summarized by features in the following table.
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TABLE 26.-Estimated construction costs

Project feature
Estimated cost
at July 1948

prices

Vega Dam including reservoir right-of-way and road relocation Leon-Park feeder canal  
Bonham Dam and appurtenant works 
East Fork feeder canal 
'Cottonwood feeder canal 
Southside canal 
Pipeline and penstocks above power plant No. 2 
Power plants and appurtenant works 
Service roads and rights-of-way for power and domestic features Fish screens 
Investigations and surveys I 
Operating equipment and operation and maintenance during construction Undistributed engineering and overhead 

Sub total 
Valley pipeline 2  

Total 

$2, 605,000
337,000

1, 787, 000
27, 000
63,000

1, 864, 000
3, 537, 000
1, 511, 000

23,000
3,000

145,000
45,000

353,000

12,300, 000
1, 116, 000

13, 416, 000

I Project investigations and surveys have been financed largely from nonreimbursable Colorado Riverdevelopment funds. About $28,000 has been spent from "General investigation" funds and will have tobe repaid.
2 cost estimates prepared by R. J. Tipton & Associates of Denver, Colo.

Operation and maintenance
Annual operation and maintenance costs of new project works,including necessary replacements and overhead, have been estimatedat $108,800. Such costs were estimated for a 60-year period (esti-mated repayment period) with replacement costs 'estimated on asinking fund basis at 3 percent interest. In accordance with Bureauof Reclamation policy, power costs are based on current prices, whilethe remaining costs are based on average 1939-44 prices.

TABLE 27.-Estimated annual operation, maintenance, and replacement costs

Project feature

•

Annual power costs
(July 1948 prices)

All other annual costs
(1939-44 prices)

Total
annual
costsOperation

and main-
tenance

Replace-
ments

Operation
and main-
tenance

Replace-
ments

Vega Reservoir (including Leon-Park
feeder canal) 

Southside canal 
Bonham Reservoir (including feeder canals) _
Pipeline and penstocks above power plant
No. 2 

Service roads 
Power plants and appurtenant works 
Valley pipeline below power plant No. 2

Total 

$1, 400
2, 100
3, 800

600
100  

47, 900

$100
100
300

11, 100

12, 500  

$4, 100
17, 200

900

100
100  

100

$400
200
100

2, 900

2, 700

$6, 000
19,600
5, 100

14,700
200

60,400
2, 800

55, 900 24, 100 22, 500 6,300 108, 800



CHAPTER IV

IRRIGATION

PROJECT LANDS

General description
The project lands lie in extensive tracts near Mesa and Collbran

and in somewhat smaller scattered tracts along Platen]. Valley streams
and on the terraces or alluvial fans south of Plateau Creek.

Physiographically, the area is a high plateau region, sculptured by
streams into rugged form, with flat-topped divides and deep, steep-
sided valleys. Irrigable lands occupy the stream valleys and a series
of terraces or mesas separated by the deeply entrenched tributaries of
Plateau Creek. Valley lands bordering the stream channels are
generally less than one-half mile wide and are separated from the
higher terraces by steep escarpments. The terraces or mesas, which
lie from 50 to 100 feet above the streams, are ou.twash plains or
ancient alluvial fans sloping gently toward Plateau Creek. Their
upper limits end in the sharp slopes leading to the crest of Grand
Mesa.
The soils have developed largely from alluvial deposits derived

from the basaltic cap which covers Grand Mesa and from the vari-
colored shales and sandstones of the Mesa Verde, Wasatch, and Green
River formations which border and underlie the area. The mantle
of alluvial materials varies in thickness from a few feet to several
hundred feet over the horizontal bedrock strata and consists of angular
and rounded basalt boulders, cobbles or gravel, sand, silt, and clay.
More than 88 percent of the project land suitable for irrigation

farming is now developed although the available water supply is in-
sufficient for full crop production. The lands, where fully irrigated,
have proved their ability to produce abundant crop yields over a long
period of years.
Sagebrush and juniper predominate on the higher terraces and

mesas, giving way to grasses in the valley floors. The stream channels
are overgrown with willows and cottonwood trees.

Soils
The soils have developed under the controlling influence of a semi-

arid, continental climate. Consequently they are low in organic
content compared with soils formed under warmer and more humid
conditions. Project soils have sufficient organic, content and fertility,
however, to make them highly productive with good irrigation. The
soils generally are brown to dark brown in color and are characterized
by a calcium carbonate accumulation relatively near the surface.
The rainfall has been insufficient.to leach the soil to any great depth.
On the basis of formation and topographic position, the soils of the

area are divided into three distinct groups, including old alluvial fan_
and terrace soils, recent alluvial soils, and residual soils.
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The old alluvial fan and terrace soils are the most extensive in the
project and occupy the relatively less broad, gently sloping mesas or
fans of outwash debris south of Plateau Creek and above the tribu-
tary stream valleys. They are brown to dark brown in color, gravelly
loam to light clay loam in texture, and contain varying amounts of
gravel or cobble throughout, the profile. The typical-soil is a brown
silt loam extending to a depth of 5 feet or more and containing basaltic
gravel or cobble in the subsoil. The size and quantity of the coarser
materials increase toward the upper extremities of the fans and terraces
with the soils becoming correspondingly less 'desirable for irrigation
development. Both surface and subsoil drainage are good, and the
soils are relatively free of harmful accumulations of soluble salts.
They are inherently fertile and generally contain moderate amounts
of lime which are somewhat concentrated in the subsoil and in the
gravelly or stony substratum. These soils are well adapted for irri-
gation, although generally limited in cultivation by the presence of
cobble or gravel in the plow zone or by shallowness over the sub-
stratum.

Small areas of shallow, stony soils unsuitable for irrigation are
scattered throughout the larger tracts of deeper soils, particularly
along the borders of the terraces. In the upper portion of Plateau
Valley, approximately 7,000 feet above sea level, the soils are gravelly
to sandy barns and are underlain to varying depths by sands and
gravels. The porous, open nature of these soils is conducive to rapid
surface and subsurface drainage, and they are relatively free of
soluble salts. Their adaptability to diversified crop production with
irrigation is limited by their degree of stoniness and to the low tem-
peratures prevailing at that high altitude.
The recent alluvial soils are less extensive than the old terrace or

mesa soils. They are fairly well distributed throughout the project
area occurring on the narrow tracts of bottom lands and on the low
terraces bordering the streams. These soils have been developed
from the cobble, gravel, and fine-textured recent alluvial materials
deposited by the present streams. These materials were in turn
derived from the shale, sandstone, basalt, and older alluvial terrace
sediments in the area. In general, they consist of very dark brown
or nearly black silt looms, varying in depth from a few inches to a
little more than a foot. They are underlain by river gravel and
cobble. They are generally calcareous throughout and have a
granular or single grain structure. Most of these recent alluvial
soils are not suitable for irrigation agriculture and diversified crop
production. In some areas, gravel and cobble occur on the surface
or in the upper soil horizons in amounts sufficient to render cultivation
difficult or impossible. Because of their low position the soils also
are subject to poor drainage.
The recent alluvial soils adjacent to upper Plateau Creek, unlike

those of the lower valley, are high in fertility and have good drainage.
They consist of 18 to 40 inches of a nearly black silt loam high in
organic content, underlain by a yellowish clay loam. They are
suitable for irrigation and the production of all climatically adapted
crops.

Residual soils occur only in a small portion of the project area.
They consist of shallow (1 to 2 feet deep) sandy to clay barns developed
from underlying shales and sandstones. They are distributed along
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the outer borders of the mesas, on scattered narrow ridges, hills, and
knolls, and on the escarpments between the terraces and bottom lands.
As these soils are only in shallow layers over the parent rock and as
their topographic conditions are unfavorable, they are generally low
in productive capacity and are unsuitable for general crop farming
under irrigation.
Topography
Most of the project lands are on the gently sloping alluvial fans or

on mesas and are topographically suited for irrigation. The land
surface is predominantly smooth, with a general slope of 3 to 5 percent,
occasionally interrupted by narrow ridges, knolls, depressions, and
small hills. In many cases where the topography is somewhat rolling,
leveling cannot be satisfactorily accomplished without the exposure
of gravel and cobble and a resultant loss of soil productivity.
The bottom lands and low terraces in the stream valleys are

generally smooth, with few slopes in excess of 5 percent. The surface
is dissected in places by old stream channels. Some tracts having an
unfavorable relief are unsuitable for leveling because of the shallowness
of the soil over cobble and stones. The colluvial slopes and alluvial
fans, built up by smaller affluents and extending into the larger
stream valleys, are fairly smooth but usually have slopes of more
than 5 percent.

Other areas of unfavorable relief include the escarpments at the
edges of the mesas, ridges, knolls, and rough hills throughout the
project, and the drainage courses of the perennial and intermittent
streams.

Drainage
The general slope, natural drainage channels, and permeable soils

of the alluvial fans and terraces provide good surface and subsoil
drainage which is expected to be adequate for full irrigation develop-
ment.
A few small areas, bordering the main drainage channels are re-

stricted in drainage and suffer a high water table or swamp condition.
These areas, however, are not sufficient in size and importance to
warrant their reclamation by drainage.
In view of the excellent natural drainage conditions existing

generally through the project area, a drainage problem is not expected
under project conditions.
Salinity and alkalinity
The soils of the project are relatively free of harmful accumulations

of soluble salts. In general they contain from 0.04 to 0.10 percent
total soluble salts. They are moderately calcareous and are slightly
to moderately alkaline (pH of 7.6 to 8.2). Salines in harmful quanti-
ties of 0.25 to 0.40 percent occur in a few small tracts in the bottom
lands which are inadequately drained and are subject to seepage
waters from adjacent salt-bearing shale formations. A few small
tracts lying in the western part of the area, not more than 4 or 5
acres in all, are highly alkaline (pH of 8.5 to more than 9.0). These
soils do not contain more than 0.77 percent total soluble salts.

Land classification
A detailed classification of Plateau Valley lands was made in 1942

and 1943 to determine the extent and character of arable lands and
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the degree of their productivity and suitability for irrigation farming,
based on productive capacity as established with respect to, and
through consideration of, the factors of soils, topography, and drainage.
The classification involved the determination and delineation of the
arable lands, the separation of these lands into classes according to
productive capacity under irrigation farming, and the segregation of
those presently irrigated lands believed suitable only for the produc-
tion of pasture crops.
The lands ranked as class 1 are highly productive, suitable in every

respect for continuous profitable irrigation agriculture, and capable of
producing all crops that are climatically adapted. Lands ranked as
class 2 are suitable for irrigation development but are somewhat less
adapted to irrigation farming than class 1 lands because of a deficiency
in one or more of the factors considered. Pasture class lands are
those not suitable for cultivation. When irrigated, however, they
are useful for pasture and thus allow a balanced cropping plan without
the production of needed pasture crops on class 1 and 2 lands.
Standards
The standards used in the land classification Were established by

the Bureau of Reclamation and are based on the correlation of land
features in the project area with crop production on lands under
irrigation. The standards used are summarized in the following
table.

TABLE 28.—Detailed land classification standards

Land characteristics Class 1—Arable Class 2—Arable

Soils: Texture 
Depth: I

To sand, gravel 

To relatively impervious
subsoil material.

To penetrable lime zone 
Alkalinity 

Salinity 

Rock and rocky soil 

Topography:
Slopes 

Surface 

Drainage 

Sandy loam to friable clay loam_ --

18 to 24 inches plus good free work-
ing soil.

48 inches plus 

18 inches with 48 inches penetrable _
pH less than 8.8 unless soil is cal-
careous, low total salts and no
evidence of black alkali.

Total salts not to exceed 0.2 per-
cent. May be slightly higher in
open permeable soils with good
drainage.

No solid or loose rock that will
interfere with ordinary cultiva-
tion.

Smooth slopes up to 5 percent in
general gradient; reasonably
large-sized bodies sloping in
same plane.

Even enough to require only small
amount of leveling and no heavy
grading.

Soil and topographic conditions
such that no drainage is anti-
cipated.

Loamy sand to friable clay.

12 to 18 inches plus good free wOrk-
ing soil.

36 inches plus.

14 inches with 36 inches penetrable.
pH 9 or less unless soil is calcare-
ous, low total salts, and no
evidence of black alkali.

Total salts not to exceed 0.5 per-
cent. May be slightly higher in
Open permeable soils with good
drainage.

No rock in place. Easily remov-
able loose rock limited to that
generally cleared in similar irri-
gated areas.

Smooth general slopes of 5 to 10
percent or rougher slopes less
than 5 percent in general gradient.

May require considerable leveling
and moderate grading but in
amounts generally found feasible
in similar irrigated areas.

Soil and topographic conditions
such that some drainage will
probably be required, but artifi-
cial drainage practicable at rea-
sonable cost.

I At minimum depths the texture must be fine sandy loam or heavier, with some soil mixed with the
gravel or cobble. At greater depths it must be as heavy as sandy loam. Loamy sand underlain by coarse
sand or gravel should be 24-30 inches deep, depending on the percentage of silt and clay, to qualify for
class 2.

NOTES:
Pasture class—Limited arable—Includes all presently irrigated lands which do not meet the minimum

requirements for class 2 because of excessive surfacp rock, shallow depth of soil over gravel or cobble, or
steep topography (10 to 15 percent on smooth slopes or less than 10 percent on rougher slopes) that impedes
cultivation.

Class 6—Nonarab/e—Includes lands which do not meet the minimum requirements of the pasture class
lands and small areas of arable lands lying within larger bodies of nonarable lands.



COLLBRAN PROJECT, COLORADO 107

Irrigable areas include all lands under the contemplated distribu-
tion system that meet the requirements for class 1 and 2 lands and
that can be economically supplied irrigation water without the main-
tenance of checks in the canals to such high levels as to be detrimental
to large areas of adjacent land. Scattered tracts of irrigable lands
are located above the potential Southside canal. These lands are now
served by existing distribution system and would be benefitted by
project development through water exchange with lands below the
canal. These scattered tracts, therefore, are included in the irrigable
area of the project. Presently irrigated pasture class lands are also
included in the irrigable area of the project because of their importance
of the agricultural economy of the region. Irrigated pasture is
essential to a liveStock industry as practiced in the project area.
Such lands are generally not adaptable to crop rotational practices.
With proper seeding, irrigation, and periodic fertilization, however,
they provide valuable animal feeds which otherwise would have to
be grown on class 1 and 2 land.
Methods
The classification standards were carefully applied in the field to

observed soil characteristics, topographic features, and drainage con-
ditions. In keeping with detailed survey requirements, the area was
traversed at a minimum of quarter-mile intervals for an examination
of surface features. The nature of the underlying strata was Observed
in washes, road cuts, wells, other excavations, or from soil borings.
Soil auger borings, extended where possible to a depth of 5 feet, were
made for each uniform 40-acre tract or in smaller areas where neces-
sary to determine separations between various land classes. Soil
samples collected from the borings were analyzed quantitatively for
total salts with an electrolytic bridge. Colorimetric determinations
for soil reaction or pH were made, and the lime content estimated,
by the observed degree of effervescence when treated with dilute
hydrochloric acid.

Classified lands were delineated on two sets of aerial photographic
prints of different scales (approximately 1 inch to 100 feet and 1 inch
to 880 feet) covering separate portions of the project area. The
photographic prints were then reviewed by land classification per-
sonnel, and various classes of land were outlined and designated.
Location and logs of soil borings were also recorded on the prints.
Distances and points used in bounding and locating the areas classified
were determined, in accordance with accepted standards by use of
speedometer readings, pacing, stadia, and three-point location from
control points. Accurate planimetric maps at a scale of 1 inch to
1,000 feet were then made from the photographic prints. This was
accomplished by setting an extensive triangulation system of third
order accuracy in the field from which adjustments in scale of the
aerial photographs were made. A rectifying projector was used to
transfer land boundary data from the photographic prints to the
planimetric maps. Areas of land classified were determined by
planimeter from the rectified maps. Prints were made of the rectified
maps for permanent record.

87297-51-8
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Results of Classification
Results of the detailed classification are summarized in the following

table and are shown on drawing No. 482-P-2.

TABLE 29.-Summary of classification-arable lands
[Unit-acres]

Location
Class 1 and 2 land

Pasture
lands Total lands

Class 1 Class 2 Total

T. 10 S., R. 93 W 
T. 9 S., R. 93 W 
T. 10 S., R. 94 W 

35
6
57

1,064
525

1, 431

1,099
531

1, 488

8
0

358

1, 107
531

1, 846T. 9 S., R. 94 W 120 1,870 1,990 286 2,276T. 9 S., R. 95 W 17 1,355 1,372 417 1,789T. 10 S., R. 95 W 239 6, 188 6,427 1,613 8,040T. 10 S., R. 96 W 558 3,604 4, 162 877 5,039T. 10 S., R. 97 W 83 944 1,027 91 1,118T. 11 S., R. 95 W 0 93 93 40 133T. 11 S., R. 96 W 0 714 714 210 924T. 11 S., R. 97 W 0 68 68 15 83
Subtotal  1,115 17,856 18,971 3,915 22,886Vega Reservoir Basin • 41 879 920 0 920

Total 1,074 16,977 18,051 3,915 21,966

The arable area includes 21,966 acres. An allowance of 6 percent
made for rights-of-way for additional roads, ditches, and other non-
productive lands, making an irrigable area of 20,650 acres that would
receive irrigation benefits under the potential project. This net
irrigable acreage is summarized by stream service areas in the follow-
ing table.

TABLE 30.-Summary of project acreage in stream service areas 1
[Unit-acres]

Stream system

Class 1 and 2 land

Irrigated
pasture

Grand
totalNonirri-

gated Irrigated Total

Plateau Creek above reservoir 459 216 675 8 683Plateau Creek below reservoir 130 1,408 1, 538 288 1,826Salt Creek system 478 655 1,133 126 1,259Big Creek system 463 5, 221 5, 684 1, 600 7, 284Cottonwood Creek system 164 2, 663 2, 827 615 3,442Bull Creek system 84 1,174 1,258 267 1,525Mesa and Coon. Creek system 532 3,323 3,855 776 4,631
Irrigable area 2, 310 14, 660 16,-970 3, 688 20, 650

1 6 percent allowance for roads, ditches, and other nonproductive lands has been made in all acreages given.

Of the net project area, 16,970 acres or 82 percent is ranked as
class 1 and 2. Of this total, about 6 percent is class 1, distributed in
relatively small, scattered bodies throughout the project area. Class
2 lands, comprising 76 percent of the area, are evenly distributed
through the project. Pasture class lands comprise 3,680 acres or 18
percent of the net project area.
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Type of development
Large areas of public domain and forest grazing land adjacent to the

irrigated land in Plateau Valley provide an excellent setting for the
livestock economy which has developed in the area. Nearly all irri-
gated lands, both cultivated and pasture, are operated to support the
livestock industry. Feeder cattle are sold as the principal source of
revenue.

Crops
The cropping system in Plateau Valley is fixed by climate, water

supply, and topography. The production of livestock feeds predom-
inates with more than 99 percent of the irrigated area devoted to
alfalfa, pasture, and other feeds. The small remaining area produces
fruits and vegetables for home consumption.
A Bureau of Reclamation survey conducted in 1941 and 1942

showed the crop yields of the area to be relatively low. These low
yields are attributed largely to an inadequate late season water supply.
Sm.all grain yields are almost average since they obtain their growth
during the early irrigation season and are not retarded by a shortage
of late season water. Alfalfa is normally limited to two cuttings by
the short growing season. Only a light yield is obtained from the
second cutting because of inadequate irrigation water. Pastures
suffer most from water shortages, receiving very little water after mid-
summer. Normally, however, those pastures receiving an adequate
water supply do very well in the high elevation and relatively cool
climate of the valley.
Table 31 shows the present crop distribution, yields, prices, and

gross crop values per acre.

TABLE 3 1 .—Average crop yields, distribution, and values without project development

Crop
Percent
of area

Yield per acre
Unit price
(1939-44
average)

Weighted
gross value
per acre

Alfalfa 50.1 2.1 tons $11.00 $11.57

Pasture, tillable 20.9 4.5 animal units per month 1_ 1.90 1.79

Pasture, nontillable 17.8 2.2 animal units per month'. 1.90 . 74

Barley 5.0 48.0 bushels .65 1.56

Oats 2. 3 52.0 bushels .50 .60

Wheat 2.0 32.0 bushels .90 . 58

Corn silage 1.0 9.0 tons 5.50 .50

Miscellaneous . 9  2.22

Total  100.0  17.56

'Animal unit per month, equivalent to the amount of feed required per month by 1 beef cow, 1 horse,•or

5 sheep.
2 Miscellaneous crops estimated at average for the group.

Livestock
The Grand Mesa National Forest and public domain administered

by the Bureau of Land Management adjacent to the project provide
excellent range for cattle and sheep. Cattle are generally placed on
the range during the summer and are fed on the home ranch during
the winter. Some stock, however, are maintained on the farm the
year round. Sheep are grazed on the mountain range in the summer
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and on the desert lands of western Colorado and eastern Utah in
the winter.
Table 32, prepared from records of the Mesa County assessor,

Forest Service, and Bureau of Land Management, shows the esti-
mated number of livestock owned by project ranchers in 1948.

TABLE 32.—Number of livestock on project farms

Class of livestock Totalunumher Class of livestock Total number

Beef cattle 10, 500 Horses 600'
Sheep 8,000 Hogs  350'
Dairy cattle 900 Chickens 3, 80f/

Cattle grqzing permits.—Ninety-five project ranchers (40 percent
of the project farm operators) hold grazing permits which allow them
to graze an average of 105 head of cattle each on national forest lands
near the project. At present, the permits allow 4 months of range
use from June 16 to October 15. The average cost of grazing privi-
leges for the period 1939 to 1944 was 19.3 cents per, animal unit month.
Sixty-nine ranchers have additional permits to graze an average of
83 head of cattle on lands under the supervision of the Bureau of
Land Management. These permits are usually for a 45-day period
extending from May 1 to June 15 at a cost. of 5 cents per animal unit
month.
Dairying.—Dairying predominate § on the smaller farms of the

area. At present 28 producers are annually selling on the Grand
Junction market sweet cream and milk containing about 100,000
pounds of butterfat. Most 'dairymen in Plateau Valley, however,
market sour cream through the Plateau Valley Creamery Association.
This association has 125 active members who sold an average of
106,958 pounds of butterfat annually during the 12-year period
1935-46.
Sheep.—Sheep and lamb production is of minor importance in

Plateau Valley. Only 17 ra,nchers hold permits to graze sheep on
national forest lands and only 6 have permits for more than 500 head.
The permits range from 50 to 1,492 head with an average of 453 head.
Markets

Livestock and livestock products are largely marketed east of the
Continental Divide. Beef cattle are consigned to Denver and Kansas
City as feeders. Sheep are consigned as feeder lambs to commission
houses in Denver. Butterfat in the form of sour cream is marketed
through the Plateau Valley Creamery Association, a cooperative
marketing organization. Fat hogs are marketed in Grand Junction
where any surplus above the needs of the local market is sold through
the Mesa County Livestock Shipping Association on markets in
Denver, Salt Lake City, and Los Angeles.
Farms and farmers
A survey conducted in Plateau Valley in 1941 and 1942 showed 238

farm units operating on the project at that time. Of this number 185
were owner-operated, 27 part owner-operated, and 26 tenant-operated..
Twenty units were .held by absentee owners.
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As in many other irrigated sections of western Colorado, the aver-
-age farm unit has been decreasing in size and now some units are too
small for economic operation. The size and number of land owner-
ships, taken from the Mesa County assessor's records, are given in
table 33.

TABLE 33.—Size of land ownership units, Collbran project, 1946

Size of tracts (acres) Number of
tracts

.

Average
area (acres)

Percent of total

Tracts Area

20 and under 50 10.5 20 3
21 to 60 94 38.8 38 21
,61 to 100 64 78.4 26 29
101 to 140 15 119.0 6 11
141 to 160 7 149.0 3 6
More than 160 17 308.5 7 30

Total 247 69.9 100 100

1 Includes total acreage listed under 1 name or under name of husband and wife. Not necessarily operat-
ing farm units.

Many of the tracts of less than 20 acres are home sites or operational
parts of larger farming units. Most of the tracts of more than 160
acres belong to estates which have never been settled. They are now
operated as several units.
Land values have remained fairly static because of uncertainty of

water supply. The average value of irrigated lands for the period
1939-44, based on assessed valuations, was $90 per acre for class A
land, $50 per acre for class B land, $20 per acre for irrigated pasture,
and $4 per acre for grazing land.
Few farm improvements have been made during the last decade.

•The present assessed valuation of all farm improvements averages
$450 per farm, and the average investment in farm machinery is $282.
These assessed values are approximately one-third of the real value
at present prices.
Finances
Tax levies, including county, State, and local school district taxes

for the period 1939-44, averaged 34.31 mills for project farms. Project
farmers have been prompt in payment of taxes with only 1.4 percent
listed as delinquent in 1945.
The Plateau Valley Farm Loan Association records show that there

•were 217 loans outstanding in 1941, representing a total indebtedness
of $421,000. By 1946 this had been reduced to 127 loans, with an
unpaid balance of $169,622, all in good order. The Farmers Home
Administration listed 10 loans on project farms in 1942 and only 5 in
1946.

Irrigation development in the valley was accomplished through
private initiative, and since the ditches were constructed many years
ago there is no indebtedness for irrigation works. The present opera-
tion and maintenance cost is low, averaging around 30 cents per irri-
gated acre. Most of this cost represents labor furnished by the
irrigators, themselves.
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General economic outlook
The area has been developed agriculturally to the limit of its

present water supply. The only hope of the valley to increase its
present livestock economy is to produce more farm-grown livestock
feeds. An additional supply of irrigation water at a reasonable cost,
therefore, could be profitably utilized to improve the economic status.
of the ranchers of the valley.

ANTICIPATED AGRICULTURAL ECONOMY

Type of development
The possibility of any great change in the basic economy of the

project area is precluded by the climate and topography. With or
without project development, livestock production will continue to
predominate. By providing additional late season water, project
development would make possible greater farm production of live-
stock feeds, thereby permitting livestock operations to expand. With-
out project development, the number of livestock would be limited
by present crop production and range grazing.

Crops
The production of livestock feeds will continue to be of major

importance in the future cropping program of the area with or with-
out project development. With project development, which would
add an average of about 15,900 acre-feet of water annually to the
present irrigation supply, new lands would be devoted to the produc-
tion of alfalfa and forage crops and presently irrigated lands would
produce much better yields under about the same cropping program.
Some increase in the area planted to corn silage and small grains
would be probable. No attempt to grow intensive row crops is
anticipated because of the short, cool growing season.

Average crop distribution, yields, and gross crop income per acre
anticipated with project development are shown in table 34. Crop
yields are based on the increase expected from an average of 0.8
acre-foot per acre of additional water annually. The anticipated
yields are similar to yields obtained from lands in the area with a full
water supply and from comparable lands outside of the project.

TABLE 34.-Average crop yields, distribution, and values with project development

Crop Percent
of area Yield per acre

Unit price
(1939-44
average)

Weighted
gross value
per acre

Alfalfa 45.5 2.5 tons $11.00 $12.51
Pasture, tillable 21.4 8.0 animal units per month 1_ 1.90 3.25
Pasture, nontillable 17.8 4.0 animal units per month 1_ 1.90 1.35
Barley 6.0 50.0 bushels . 65 1.95
Oats 2.3 55.0 bushels . 50 .63
Wheat 1.0 35.0 bushels .90 .32
Corn silage 4.5 10.0 tons 5.50 2.48
Miscellaneous  1.5  '.42

Total 100.0  22.91

1 Animal units per month, equivalent to the amount of feed required per month by 1 beef cow, 1 horse, or
5 sheep.

I Miscellaneous crops estimated at average for the group.
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,Livestock
Table 35 shows the size, distribution, and number of grazing permits

held by project ranchers in 1946.

TABLE 35.—National forest grazing permits held by project ranchers

Present size of permit (head)

Issued (1946)

Number of
cattle I

Average permit
(head)

50 and under 1,044 2851 to 100 1,568 71101 to 150 1,966 123151 to 200 1,470 184201 and over 3, 910 356

Total 9, 960 105

I Source: Forest Service Records, Grand Mesa National Forest, 1946.

Additional water from construction of the project would permit an
increase of about 45 percent in the production of farm feeds. This
increased feed could maintain approximately 3,400 head of beef cattle
the year round in farm pastures and feed lots. The number of dairy
cattle maintained is expected to increase and the quality of stock
improve as more producers qualify to sell market milk. The number
of hogs is expected to increase along with the number of dairy cattle
in order that the additional skim milk might be utilized. Sheep
production is expected to increase slightly. Poultry production
would remain about as at present. Fewer horses will be used as
mechanical propulsion becomes more prevalent.
Farm improvements
The 2,310 acres of new land to be developed under the project would

require the most extensive land improvements, including removal of
brush and rocks and a small amount of leveling. Improvements in
farm ditches and laterals by establishment of proper alinement and
grade would be required in other areas. It would also be desirable to
improve farm buildings and sheds, construct and line trench silos,
replace or improve many items of farm machinery and equipment,
and recondition the farm home and domestic water system.
Farm settlement
Land settlement is not expected to present any special problems in

connection with project development. The scattered tracts of new
land would favorably be added to the smaller farm units. Only
limited opportunity exists for new settlement. At the present time
there are 17 individuals, estates, and partnerships, which hold title to
irrigated acreage in excess of the 160-acre limit prescribed by reclama-
tion law. Most of these would be reduced in the normal process of
settlement of estates.
Development period

Benefits from the use of project water could be immediately realized
on 89 percent of the 20,650 acres to be served by the project. The
remaining 2,310 acres of new land is in small scattered tracts and would
be developed in conjunction with lands already under cultivation.



114 COLLBRAN PROJECT, COLORADO

Since this is primarily a supplementary water project involving little
change in the type of farming and only small land development costs,
a development period of not more than 3 years would be required
before full benefits could be realized by the project lands.

IRRIGATION REPAYMENT

Analysis of repayment ability of water users
Two methods of determining payment capacity of the irrigated

lands were used—the farm budget method and income-to-land method,
both of which were based on earnings from irrigated farms of the
project.
Farm budget method.—This method provides for the systematic out-

lining of the organization and operation of representative farms includ-
ing, in detail, the anticipated income and expenditures for a normal
year. From these data the net farm income is determined. Payment
capacity is then derived by deducting the cost of living from the net
farm income.

Income-to-land method.—This method is based on the premise that
some of the farm receipts represent income to land and other fixed
capital, whereas the remainder is income to labor and to operating
management and capital. The accuracy of this method is dependent
upon the exactness of determining the proper proportions of income
and expense belonging to the land. The provisions of farm lease
agreements commonly used in the area are taken as the basis for the
division of income and expenses. The payment capacity is that
amount remaining after expenses chargeable to land are deducted
from the gross income to land.

Analysis of payment capacity by type of farming
Two types of farms, featuring dairy and range beef cattle, respec-

tively, are representative of the project area. A 50-acre farm is
typical of the dairy units and generally representative of the smaller
farms. A 120-acre beef ranch is typical of the range livestock enter-
prises which provide the major source of income of the project area.
For simplicity all budgets were set up on the basis of the entire

tillable areas being class 2 land since this class actually comprises
94 percent of the tillable area. Some irrigated pasture and private
grazing lands are included in representative farms of the area and
therefore such lands have been included in the budgets.

Farm budget analysis for dairy farms
Dairy farm without project development.—The farm organization and

cropping system as set up in this budget for the 50-acre dairy farm is
typical of dairy farms of the area. Estimated livestock numbers
conform with actual numbers as shown by Mesa County assessor's
records with proper adjustments made for expected labor and feed
supply. The budget is based on an 8-year crop-rotation program
consisting of 1 year of small grain production, 1 year of small grain
and alfalfa or pasture production, and 6 years of alfalfa or pasture
production. Land fertility would be easily maintained under such
rotation because of the high percentage of the land seeded to alfalfa
and pasture and the large amount of farm-produced fertilizer available.
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The labor requirements are estimated to be 278 10-hour days well
distributed throughout the year. A small amount of labor would be
hired to help in harvesting of hay and threshing of grain. Since
children on the farm would have an average age of less than 14, their
labor would be of minor importance. Members of the farm family
besides the operator would work Only an estimated 43 days a year,
this time being devoted to the care of chickens, washing of dairy
utensils, and similar light tasks.
The net income of this farm is hardly sufficient for an adequate

family living allowance and provides nothing for savings or debt
retirement. The family living allowance may be temporarily increased
by the use of some of the noncash farm expense set aside for depre-
ciation and repair of farm machinery and improvements. Additional
income may be received from off-farm work since there are periods
throughout the year when the farm work does not require the full
time of the operator. Table 36 on the following page is a summary
of the income and expenses of a typical 50-acre dairy farm without
project development.
Dairy farm with project development.—The farm budget set up for

the typical 50-acre dairy farm is based on present crop yields and
distribution adjusted for the changes anticipated with the additional
0.8 acre-foot of water per acre to be made available annually by the
project. The budget is based on the maintenance of sufficient live-
stock to utilize the farm-produced feed, including pasture and private
grazing land. A 7-year rotation program is anticipated, consisting of
1 year of corn or small grain production, 1 year of small grain and
alfalfa or pasture production, and 5 years of alfalfa or pasture pro-
duction. The nontillable pasture land is not suitable for cultivation
but would be used as irrigated pasture. Labor requirements are
estimated at 370 10-hour days annually. More man-hours would be
required during spring, summer, and fall than during the winter.
Hired labor (16 man-days) would be used in the harvesting of hay
and grain crops.
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TABLE 36.-Summary of income and expenses on 50-acre dairy farm without project
development

Item Percent
of area

Acres
Or

num-
ber

Production Disposition
(value)

Income
to

land'

E2̀, Px, 1:11 Cs)
c7,1 `)

Barley 9. 0 4. 5 Bu 48 216 $0. 65 $140 866 $74 $47Oats 4. 0 2.0 Bu 52 104 . 50 52 22 30 17Wheat 
Alfalfa 

4.0
52. 0

2. 0
26.0

Bu 
Ton 

32
2. 1

64
54. 6

. 90
11.00

58
601

31
454

27
147 1/2

19
300Alfalfa pasture (2) (26.0) AUM 1.0 26.0 1. 90 49 49  Pasture:

Tillable 
Nontillable 

Corn ensilage 

12.8
14. 0
2.0

6.4
7. 0
1.0

AUM
AUM
Ton 

4. 5
2.2
9.0

28. 8
15. 4
9.0

1.90
1. 90
5.50

55
29
50

55  
29
50
 1/2

1/2
28
15
16Straw (2) (8.5) Ton 1.0 8.5 4.00 34 34Garden .8 . 4 Dol 60  $60 Farmstead 1.4 . 7

Total, irrigable.. 100.0 50. 0
Grazing, nonirrigable  40. 0 AUM .2 8.0 1. 90 15 15  8

Livestock
Product No.

Dairy cows (10) B F 10 Lbs 215 2, 150 36 774 66 33 675Culls 2 Cwt 10. 0 20 6.33 127  127Calves Veals 7 Cwt 1.4 9.8 11.82 116  17 99Heifers (calves) Repl 2  
Heifers (yearlings) Repl 2 

Laying hens (25) Eggs 25 Doz 11.0 275 25 69  26 43  Culls 20 Lbs 6.5 130 15 20  20 Poultry 3__ 30 Lbs 4. 0 120 20 24 24 Market hogs Pork 9 Cwt 2. 0 18 10. 68 192  21 171Other livestock (sow, 1;
horses, 3; pullets, 25).

Total 
2, 465 871 201 1, 393 450

CURRENT FARM EXPENSES
Interest cost, at 3 percent (L-125) 

 $184Taxes, at 34.31 mills (L-72) 
 95Hired labor, 8 days, at $3.50 
 28Custom work 
 38Crop expense:

Seed (L-15) 
 16Sack and twine 
 6Livestock expense:

Purchased feed 
Stock replacement 

 18Range fees 
Veterinary, service fees, etc 

 56Grinding feed 
 6Auto (farm share) 
 63Machinery: Depreciation, repair, and insurance, at 8.5 percent  73Improvements: Depreciation, repair, and insurance, at 5.5 percent (L-132)  132Miscellaneous farm expense, at 2 percent 15

Total, farm expense (L-344) 
730

See footnotees at end of table, p. 117.

*
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TABLE ,36.—Summary of income and expenses on 50-acre dairy farm without project
development—Continued

FINANCIAL SUMMARY

Farm income
budget to land

Receipts 
Farm privileges 

Total 
Farm expenses 

Net farm income 
Family living allowance 

Payment capacity per farm 

Payment capacity per acre 
Irrigation operation and maintenance 

Available for debt retirement 

$1,393 $450
351

1,744 450
730 344

1,014 106
999

15 4 165

.30 3.30

.30 .30

3.00

INVESTMENT
Land 1  $2, 684
Dwelling 1  900
Other improvements 1  586
Machinery and equipment  730
Livestock  1,000
Feed and supplies  235

Total  6,135

COST OF LIVINO
Cash family   $648
Farm products   261
Farm dwelling  90

Total  999

FARM WORK
Days

Crops  92
--. Livestock  161

Miscellaneous  25

Total  278

Work by—
Operator  227
Family  43
Hired  8

Total  278

1 Indicates a check method of income to land.
2 Duplicated acreage.
3 Includes cockerels and cull pullets.
4 Includes 3-percent interest on operating capital as income attributable to water.

It is assumed that butterfat would continue to be sold principally
as sour cream for butter manufacture. Dairymen who sell their
butterfat in the form of market milk, however, would have a much
higher payment capacity than shown by the budget. Should the
present trend toward market milk production continue, the payment
capacity of the average dairyman of the valley would be substantially
increased.
The annual net income on a representative dairy farm under antici-

pated project conditions would be sufficient to provide the family
with a living allowance of $1,400, to pay operation and maintenance
charges of irrigation facilities, and to allow $2.90 per irrigated acre
for debt retirement or savings. The anticipated conditions are sum-
marized in table 37 on the following page.
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Farm budget analysis for beef cattle ranches
Beef cattle ranch without project development.-A typical 120-acre

livestock ranch was set up as the basis for this study. The number
of livestock on such a ranch was determined from records of the
Mesa County assessor and the Forest Service. The budget was based
on a 9-year crop rotation program, consisting of 1 year of corn pro-
duction, 1 year of small grain and alfalfa or pasture production, and
8 years of alfalfa or pasture production. Because of the rolling nature
of much of the land, alfalfa is frequently left in more than 8 years or
until native grasses replace the alfalfa. Pasture lands are seldom
cultivated under present conditions.
Only about 10 percent of the beef stock would remain on the home

ranch the year round, the remainder grazing on public domain and
forest lands during the spring and summer. The range beef operations
as presented in the following budgets, both with and without project
development, are based on a 75 percent calf crop, 3 percent death
loss, and 13 percent yearly replacement of breeding stock. Cattle-
are sold as long yearlings. The labor requirements on this farm are
estimated at 355 10-hour workdays annually. Of this amount, 267
days are accomplished by the operator, 49 days by members of the
farm family, and 19 days by hired help.

TABLE 37.-Summary of income and expenses on 50-acre dairy farm with project'
development

Item Percent
of area

Acres
or

num-
ber

Ptoduction Disposition
(value)

Incometo

land I

.,.,....o
0

',!-1
• 2

78
- 8
E-1

8
1-2,
a

;)
7. 'a

EHE1,,,+.;)
e a
c=4

0
01

. 3 .3
rn

"i 1
iii

73

Barley_ 11.0 5.5 Bu 50 275 $0.65 $179 $131 ___ $48

=z4u 
xx4; 

; 
; 

$60
Oats 4.0 2.0 Bu 55 110 .50 55 42 ___ 13 18
Wheat 4.0 2.0 Bu 35 70 .90 63 63 21
Alfalfa 48.0 24.0 Ton 2.5 60 11.00 660 568 _ __ 92 330
Alfalfa pasture (2) (84.0) AUM 1.5 36 1.90 68 68 
Pasture:

Tillable 10.6 5.3 AUM___ 8.0 42 1.90 80 80 ___ _____ 40
Nontillable 14.0 7.0 AUM 4.0 28 1.90 53 53 26

Corn ensilage 6.0 3.0 Ton 10. 0 30 5.50 165 165 55
Straw (2) (9.5) Ton 1.0 9.5 4.00 38 38 
Garden 1.0 .5 Dol 75  $75 
Farmstead 1.4 . 7

Total irrigable 100.0 50.0
Grazing, nonirrigable 40.0 AUM ;2 8.0 1.90 15 15 _  8

Livestock Product No.

Dairy cows (14) B. F 14 Lb 240 3,360 .36 1, 210   090
Culls 3 Cvit 10 30 6.33 190----- -----190

Calves Veal 9 Cwt 1.4 12.6 11.82 149  17 132
Heifers (yearling) Repl 3
Heifers (calves) Repl 3  

Laying hens (50) Eggs 50 Doz 11.0 550 25 138  25 113
Culls 40 Lbs 6.5 260 15 39 19 20
Poultry 3 60 Lbs 4.0 240 .20 48  24 24  

Market hogs Pork 18 Cwt 2.0 36 10.68 384 21 363
Other livestock (sows, 2;
horses, 3; pullets, 50).

Total 3,609 1,309 215 2, 085 ___ 558

See Footnotes at end of table, p. 119.
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TABLE 37.—Summary of income and expenses on 50-acre dairy farm with project
development—Continued

CURRENT FARM EXPENSES
Interest cost, at 3 percent (L-142)  $214
Taxes, at 34.31 mills (L-81)   111
Hired labor, 16 days, at $3.50  56
Custom work  44
Crop expense:

Seed (L-16)  19
Sack and twine  6

Livestock expense:
Purchased feed 
Stock replacement  18
Range fees 
Veterinary, service fees, etc  77
Grinding feed  12

Auto (farm share)  63 .
Machinery: Depreciation and repairs, at 8.5 percent  73
Improvements: Depreciation, repair and insurance, at 5.5 percent (L-156)   156
Miscellaneous farm expense, at 2 percent  16-, 

Total farm expense (L-395) -   865

FINANCIAL SUMMARY

Receipts 
Farm privileges 

Total 
Farm expenses 

Net farm income 
Family living allowance 

Payment capacity per farm 

Payment capacity per acre  
Irrigation operation and maintenance 

Available for debt retirement 

Farm Income to
budget land

$2,085 $558
375

2,460 558
865 395

1,505 163
1,400

195 235

3.90 4.70
1.00 1.00

2.90 3.70

INVESTMENT
Land 1  $2, 942
Dwelling 1  960
Other improvements 1  818
Machinery and equipment  730
Livestock  1,365
Feed and supplies  292

Total  7, 107

COST OF LIVING
Cash family -  $1,025
Farm products  275
Farm dwelling  100

Total  1,460

FARM WORK Day,
Crops  111
Livestock  225
Miscellaneous   34

Total  370

Work by—
Operator  292
Family  62
Hired  16
Total  370

1 Indicates check method of income to land.
2 Duplicated acreage.
Includes cockerels and cull pullets.

4 Includes 3-percent interest on operating capital as income attributable to water.

The annual net income of this farm is sufficient to provide the farm
family with a living allowance of $1,330 to pay operation and main-
tenance charges and to provide $0.99 per irrigable acre for debt retire-
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ment or savings. Table 38 presents a summary of the income and
expenses of a typical 120-acre beef ranch without project development.
Beef ranch with project development.-The farm budget for this

120-acre livestock ranch is based on present crop yields and distribu-
tion adjusted for changes expected with the additional irrigation
water to be made available by project development. It is estimated
sufficient livestock would be maintained on this farm to .utilize all
farm-produced feeds, including pasture and private grazing land, as
well as all additional feed available from grazing permits on forest
areas and public domain. The cropping system is built around a
9-year rotation program, consisting of 1 year of small grain or corn
'production, 1 year of small grain and alfalfa or pasture production,
and 7 years of alfalfa and pasture production. The annual labor
requirement for this ranch is estimated at 391 10-hour days of work.
Labor requirements would be intensified during spring and summer
when the work load is heavy. A slack period would occur during the
winter months. As shown in table 39, the annual net, farm income
would be sufficient to provide the farm family with a living allowance
of $1,550, pay operation and maintenance charges, and allow $2.11
per irrigable acre for debt retirement or savings.

TABLE 38.-Summary of income and expenses on 120-acre beef-cattle ranch without
project development

Item Percent
of area

Acres
or

num-
ber

Production Disposition •
(value)

Income
to

land 1

:ig -,13; .8 8

Barley & 0 6.0 Bu 48 288 0.65 187 93 ___ 94 1,6 62Oats 1,7 2.0 Bu 52 104 50 52 41 11 17Wheat 1,7 2.0 Bu 32 64 .90 58 •. 34 ___ 24 19Alfalfa 57. 4 69. 0 Ton 2. 1 144. 9 11. 00 1, 594 1, 594  4 796Alfalfa, pasture (2) (69.0) AUM 1,0 69,0 1.90 131 131 _
Pasture: -Tillable 11.7 14.0 AUM___ 4.5 63.0 1.90 120 120 ___ _____ 60Nontillable 17.5 21.0 AUM 2.2 46.2 1.90 88 88 _ 44Straw (2) (10.0) Ton 1.0 10.0 4.00 40 40 Corn ensilage 1. 7 2.0 Ton 9.0 18.0 5.50 99 99 -------- li 33Garden 3 .4 Dol 60 60 Farmstead 3 3. 0 6. 6

Total, irrigable 100. 0 120. 0
Grazing, nonirrigable  372.0 AUM .2 74.4 1.90 141 141 _  70Range permits AUM 4 355 1.90 674 674 _

Livestock
Product No.

Dairy cows (2) B. F 2 Lbs 180 360 . 36 130 30 33 67Calves (baby beef)_ Beef 2 Cwt 3 6 11.82 71  71  Beef cows (53) Calves 53 No . 75 40  
Culls 5 Cwt 10 50 6.33 316  316Steers and heifers Beef 32 Cwt 7 224 9.81 2,197  2,197Laying hens (25) Eggs 25 Doz 11. 0 275 . 25 69 26 43
Culls 20 Lbs 6.5 130 .15 20  20 _  
Poultry 5__ 30 Lbs 4.0 120 . 20 24 24 Other livestock (bulls, 2;

horses, 6; calves, 39;
heifers, 7).

Total 6,071 3,085 234 2,752 ___ 1, 101

See footnotes at end of table, p 121.
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TABLE 38.—Summary of income and expenses on 120-acre beef-cattle ranch without
project development—Continued

CURRENT FARM EXPENSES

Interest cost, at 3 percent (L-291)  $481
Taxes, at 34.31 mills (L-167)   265
Hired labor, 19 days, at $3.50  66
Custom work  45
Crop expense:

Seed (L-18)  20
Sack and twine  6

Livestock expense:
Purchased feed  110
Stock replacement  44
Range fees  58
Veterinary, service fees, etc  80
Grinding feed  9

Auto (farm share)  108
Machinery: Depreciation and repair, at 8.5 percent  136
Improvements: Depreciation, repair, and insurance, at 5.5 percent (L-210)  210
Miscellaneous farm expense, at 2 percent  43

Total farm expense (L-686)  1,681

FINANCIAL SUMMARY•

Farm
budget

Income to
land

Receipts 
Farm privileges 

Total 
Farm expenses 

Net farm income 
Family living allowance 

Payment capacity per farm 

Payment capacity per acre 
Irrigation operation and maintenance 

Available for debt retirement 

$2,752
414

3, 166
1, 681

1, 101
686

1,485
1,330

415

155 605

1.29
.30

5.04
.30

.99 4.74

INVESTMENT
Land'  $7,316
Dwelling'  1,200
Other improvements 1  1, 197
Machinery and equipment  1,182
Livestock  4, 650
Feed and supplies  500

Total  16,045

COST OF LIVING
Cash family  $916
Farm products  294
Farm dwelling  120

Total  1,330

FARM WORK Days
Crops  169
Livestock  136
Miscellaneous  30

Total  335

Work by—
Operator  267
Family  49
Hired  19

Total  335
Indicates check method of income to land.

2 Duplicated acreage.
Includes 3 acres nonirrigable grazing land.

4 Includes 260 animal-unit-months on forest lands and 95 animal-unit-months on Bureau of Land Man-
agement lands.
'Includes cockerels and cull pullets.
Includes 3 percent interest on operating capital.
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TABLE 39.-Summary of income and expenses on 120-acre beef cattle ranch with
project development

Item Percent
of area

Acres
or

num-
ber

Production
Disposition
(value)

Income
to

land I

,.,

o
'c' -8

E.
0

ai
ca) F i

pi
g

01
rn

a 1:1••

0

Barley 8.3 10.0 Bu 50 500 0.65 325 117 ___ 208 IA 108
Oats 2.5 3.0 Bu 55 165 .50 82 42 _ __ 40 li 27
Wheat 2. 5 3.0 Bu , 35 105 .90 94 35 ___ 59 :31
Alfalfa 54.2 65.0 Ton 2. 5 162. 5 11.00 1, 788 1, 788  894
Alfalfa pasture (2) (65.0) AUM 1. 5 97.5 1.90 185 185 
Pasture:

Tillable 7.5 9.0 AUM 8.0 72.0 1.90 137 137 68
Nontillable 17.5 21.0 AUM_ _ _ 4.0 84 1.90 160 160 ___ _____ 80

Corn ensilage 4. 1 4.9 Ton 10.0 49 5.50 270 270 _  80
Straw (2) (16.0) Ton 1 16 4.00 64 64 _ .
Garden . 4 . 5 Dol 75 75 
Farmstead 2 3.0 3 6. 6  

Total, irrigable 100.0 120.0  
Grazing, nonirrigable 6 372.0 A UM .2 74.4 1.90 141 141 70
Range permits ATJM  4 355 1.90 674 674 

Livestock
Product No.

.

Dairy cows (2) B. F 2 Lbs 180 360 .36 130 30 33 67 ___ _____
Calves (baby beep ____ Beef 2 Cwt__ 3 6 11.82 71  71  

Beef cows (63) Calves_ 63 No .75 47  
Culls 6 Cwt... 10 60 6.33 380 380

Steers and heifers Beef 37 Cwt_ 7 259 9.81 2,541 _., 2, 541  
Laying hens (25) Eggs 25 Doz 11.0 275 25 69 26 43

Culls 
___. 

__ 20 Lbs 6.5 130 15 20 20 
Poultry 5_ _ 30 Lbs 4.0 120 20 24 24 

Other livestock (calves, 46;
yearling heifers, 9; bulls,
3; cows, 63; horses, 6).

,

Total 7,230 3,643 2493, 338 ___ 1,368

CURRENT FARM EXPENSES

Interest cost, at 3 percent (L-314) 
Taxes, at 34.31 mills (L-180) 
Hired labor, 41 days, at $3.50 
Custom work 
Crop expense:

$539
298
144
74

Seed (L-27) 32
Sack and twine 12

Livestock expense:
Purchased feed 
Stock replacement 66
Range fees 58
Veterinary, service fees, etc 5 91
Grinding feed 8

Auto (farm share) 108
Machinery: Depreciation and repair, at 8.5 percent 144
Improvements: Depreciation, repair, and insurance, at 5.5 percent (L-225) 225
Miscellaneous farm expense, at 2 percent 45

Total farm expense (L-746) 1,844

See footnotes at end of table, p. 123.
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TABLE 39.-Summary of income and expenses on MO-acre beef cattle ranch with
project development-Continued

FINANCIAL SUMMARY

Farm
budget

Income to
land

Receipts 
Farm privileges 

Total 

$3,338
429

$1,368

3, 767 1,368
Farm expenses 1,844 746

Net farm income 1,923 622
Family living allowance 1,550

Payment capacity per farm 373 847

Payment capacity per acre 3. 11 7. 06
Irrigation operation and maintenance 1.00 1.00

Available for debt retirement 2.11 6. 06

INVESTMENT
Land 1 $7,910
Dwelling 1 , 
Other improvements 1 

1, 200
1,365

Machinery and equipment 1, 236
Livestock 5,620
Feed and supplies 657

Total 17,988

COST OF LIVING
Cash family 
Farm products 
Farm dwelling 

Total 

FARM WORK

$1, 121
309
120

1.550

Days

Crops 204

Livestock 152

Miscellaneous 35

Total 391

Work by-
Operator 291

Family 59

Hired 41

Total 391

1 Indicates check method of income to land.
2 Duplicated acreage.
Includes 3 acres nonirrigable grazing land.

4 Includes 260 animal unit months forest land and 95 animal unit months
roent land.

5 Includes cockerels and cull pullets.
Includes 3 percent interest on operating capital.

Payment capacity of project lands
The payment capacity of project farmers, as

farm budget and the income to land methods,
table 40.
TABLE 40.-Estimated annual payment capacity by type of

project development

on Bureau of Land Manage-

determined by the
is summarized in

farm with and without

Type of farm

Payment capac-
ity without
project devel-

opment

Payment capac-.t with project1 yui pro
development

Increased payment capacity due
to project development

Farm
budget

Income
to land

Farm
budget

Income
to land

Farm budget Income to land

Dairy 
Beef 

Weighted average 

Per acre
$0.30
1.29

Per acre
$3.30
5.04

Per acre
$3.90
3. 11

Per acre
$4.70
7.06

Per acre
$3.60
1.82

Per
acre-
foot I
$4. 50
2.28

Per acre
$1.40
2.02

Per
acre-
foot 1
$1. 75
2.52

.99 4.51 3.35 6.35 2.36 2. 95 1.84 2.30

1 Based on 0.8 acre-foot per acre increase in water supply.

87297-51 9
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Amortization capacity
The amount of money available for debt retirement (amortization

capacity) is the difference between payment capacity with and with-
out project development less the increase in operation, and mainte-
nance costs resulting from the project. Table 41 shows the estimated
annual payment capacity and amortization capacity by type of farm
as determined by the farm budget analysis method.

TABLE 41.-Estimated annual payment capacity and amortization capacity of
project lands

Type of farm and condition
Payment
capacity
per acre

Amount
available for
operation and
maintenance

per acre

Amount
available for
amortization
of capital

costs per acre

With project development:
Dairy $3. 90 $1. 00 $2. 90
Beef 3.11 1.00 2.11

Average 3. 35 1. 00 2.35Without project development:
Dairy .30 30  
Beef 1.29 .30 .99

' Average  
ncrease due to project:

.99 .30 .69

Dairy 3.60 '.70 22:90Beef 1.82 '.70 2 1. 12

Average 2.36 '.70 2 1. 66

Although the increased operation and maintenance cost per acre is shown to be $0.70 in this table, about$0.73 per acre would be available for project operation because of a reduction of approximately 10 percentin present operation and maintenance costs through construction of the potential project.
2 Amortization capacity per project acre.

Recommended annual payment
Although an average of $1.66 per irrigated acre would be available

theoretically to meet project construction costs, the actual amount
would vary from farm to farm. Variations may also be expected as
a result of limitations in estimating income and expenses over an
extended period in the future. Thus a contingency factor of about
25 percent has been allowed, making $1.25 the desirable average
annual payment per irrigated acre. This would amount to approxi-
mately $1.62 per acre-foot of additional irrigation water supplied by
fhe project or a total of $25,800 annually for the average of 15,900
acre-feet of water provided. This amount, together with the allow-
ance of about $0.73 per acre of project land for the operation and
maintenance of new works, shows that the project farmers could pay
a total of $41,000 annually toward project construction, operation,
and maintenance.



CHAPTER V

POWER

PRESENT DEVELOPMENT

The power market area adjacent to the project is served by two
principal power systems. The Public Service Co. of Colorado operates
one system which extends along the Colorado River. This is the
western section of what is known as the company's central system
and is called the Grand Junction division. The transmission line in
the Grand Junction division is operated at 66,000 volts and extends
from the company's Shoshone hydroelectric plant near Glenwood
Springs, Colo., to a steam-electric plant at Grand Junction. The
portion of the system extending eastward to Denver from the Shoshone
plant is operated at 100,000 volts.
The other main power system adjacent to the Collbran project is

owned and operated by the Western Colorado Power Co.; a subsidiary
of the Utah Power & Light Co. This system is south of the project
area, extending from the vicinity of Somerset, Colo., southward by
way of Delta to Durango. The main transmission line is operated at
44,000 volts. The main plants of this company are steam-driven and
are located in the coal-mine area near Somerset.

Several small REA-financed systems are interconnected with the
two principal power systems. These cooperatives are the Gunnison
County Rural Electric Association, with headquarters at Crested
Butte; the Grand Valley Rural Lines, Inc., with headquarters at
Grand Junction; the Delta-Montrose Rural Lines Association, with
its main office at Delta, and the Holy Cross Electric Association, Inc.,
with its main office at Eagle.
The Gunnison Count Rural Electric Association generates only a

part of its system's requirements for power, supplementing its needs
by purchases from the city of Gunnison. The Holy Cross Electric
Association produces a small amount of energy at its plants near
Gypsum and Eagle and purchases energy from the Public Service Co.
of Colorado and the Mountain Utilities Corp.„ at Aspen. The Grand
Valley Rural Power Lines, Inc., purchases its energy from the Public
Service Co. of Colorado at Fruita, Grand Junction, and DeBeque.
The Delta-Montrose Rural Power Lines Association purchases its
energy from the Western Colorado Power Co. at Delta, Pea Green,
Montrose, Cedaredge, and Hotchkiss. The Mountain Utilities Co.
operates a small power system in the vicinity of Aspen and supplies
its own requirements at that location.
The cities of Gunnison and Delta operate their own generating

plants. The plant at Delta is entirely Diesel-powered. At Gunnison
steam engines and a steam turbine are used as prime movers.
The total installed generating capacity within the market area

adjacent to the project, as shown in table 42, is 35,768 kilowatts.
125

•
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This includes the capacity of the Shoshone plant of the Public ServiceCo. of Colorado. The greater part of the energy generated at thisplant, however, is utilized outside the market area. Drawing No.482-4-13 shows the location of the power plants and principal trans-mission lines in the area.

TABLE 42.—Installed power-generating capacity within the project market area

Plants
Installed
capacity

(kilowatts)
Type of prime mover Owner

Shoshone 
Grand Valley 

Rifle 
Glenwood Springs
Redlands 
Crested Butte 

Grand Junction  
Oliver 2  
Montrose 
Delta  
Gunnison 
Aspen 

Total 

14,400
3, 000

125
200

1,400
300

9,350
3,000
300

1,958
1,175
560

35,768

Hydro 
 do 

 do 
 do 
 do 
50-kilowatt hydro,
250-kilowatt fuel.

Steam 
 do 
 do 
Internal combustion
Steam 
Hydro 

Public Service Co. of Colorado.
Bureau of Reclamation (operated by Public
Service Co. of Colorado).

Public Service Co. of Colorado.
Glenwood Light & Water Co.
Redlands Water & Power Co.
Gunnison County Rural Electric Associa-
tion, Inc.

Public Service Co. of Colorado.
Western Colorado Power Co.
Western Colorado Power Co.
City of Delta.
City of Gunnison.
Mountain Utilities Corp.

I New 5,000-kilowatt unit recently installed.
New 2,000-kilowatt unit recently installed.

The electric energy generated in 1946 by the several utilities within
the project market area is shown in table 43.

TABLE 43.—Power generated in 1946 by plants in Collbran project power-market area

Utility system Power plant
Generated 1946
(1,000 kilowatt-

hours)

Privately owned:
Public Service Co. of Colorado 

Western Colorado Power Co _ 

Glenwood Light & Water Co 
Mountain Utilities Corp  

Publicly owned:
Delta, city of  
Gunnison, city of  
Gunnison County Rural Electrification Association 
Redlands Water & Power Co 

Total 

Shoshone 
Grand Valley 
Grand Junction 
Rifle 
Oliver 
Paonia 1 
Montrose 
Glenwood Springs_ _ _ _
Aspen 

Delta 
Gunnison 
Crested Butte 
Redlands  

108, 234
17, 815
3, 536
1,098
9, 152
117
41

2 1, 600
2 1, 240

2 3, 483
2 2, 700

0
7, 798

156,814

I Destroyed by fire in 1946.
2 Estimated.

The total generation of 156,814,000 kilowatt-hours in 1946 exceeded
the area's actual requirements in that year, which approximated
59,450,000 kilowatt-hours. The energy not required locally was sold
out of the power market area.

Several municipalities are expected to be forced in the very near
future to add to their generating capacity in order to meet the fast-
growing demands for power within the immediate market area. The
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Public Service Co. of Colorado already has added 5,000 kilowatts of
steam-generating capacity to its system. This indicates the fast-
growing load in the Grand Junction division of this utility. Like-
wise, increasing loads in the eastern part of the company's system may
soon require the entire output of the Shoshone plant.

POWER MARKET

Present power requirements
The power market area consists of three distinct sections insofar as

the use of electrical energy is concerned. The Uncompahgre section,
consisting of Delta County and the northeastern part of Montrose
County, is essentially rural and agricultural. Consequently, the
energy consumed is primarily for residential-use. The section embrac-
ing Pitkin and Gunnison Counties contains a mining industry and,
therefore, has a large demand for power for industrial purposes. The
Grand Valley section, on the other hand, contains a number of muni-
cipalities and small towns with commercial and small industrial
enterprises and shows a more diversified use of energy and a better
balanced load than the other areas.
Table 44 shows the average annual use of electric energy for each

of the three sections during the period 1919 to 1936. The average for
the entire market area is also shown.

TABLE 44.—Distribution of electric-energy sales for years 1919-36

District

Average
annual
sales
(1,000

kilowatt-
hours)

Distribution of average annual sales
in percentage of total

Industrial
and

commercial
Residential Municipal

Uncompahgre (rural, agricultural) 2,117 51 41 8
Gunnison and Pitkin Counties (mining) 1,314 82 11 7
Grand Valley (diversified) 5,580 67 26 7

Entire market area  9,011 65 28. 7

The electric-power load in the area has been increasing steadily
since 1919 with an accelerated increase after 1934. The rapid in-
crease is attributed to the extension of service to the rural com-
munities, the wide use of electrical appliances, and the increased
number of residents and business enterprises. Table 45 summarizes
the electric-energy requirements in the area from 1919 to 1946, inclu-
sive, showing the continuously increasing demand for power.

•
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TABLE 45.—Electric energy requirements

Year

Project market area State of Colorado

1,000
kilowatt-
hours

Popula-
tion

Per
capita use
(kilowatt-
hours)

1,000
kilowatt-
ho 

Population
Per

capita use
(kilowatt-
hours)

1919 7,680  
1920 8, 610 65,402 132 397,246 939,629 423
1921 5,380  
1922 7,320  
1923 8,400  
1924 7,500 \.
1925 8, 160  
1926 9, 290  
1927 9, 810  
1928_ .., 11,600  
1929 11,480  
1930 11,240 69, 126 163 573,231 1,035, 791 553
1931 13,200  
1932 12,000  
1933 11,230  
1934 16,080  
1935 16, 250  
1936 18,960  
1937 24, 065  
1938 28, 007  
1939 31,462  
1940 37,697 84,267 - 450 791,967 1,123, 296 705
1941 39,228  
1942 41,433  
1943 44, 319  
1944 47,470 1 90, 000 1 527 1 1,158,000 1 1,146,000 '10,082
1945 52, 298  
1946 59,450  

1 Estimated.

Future power market
Electrical energy requirements are expected to increase even more

rapidly in the future than they have in the past. In the recent postwar
years new industries have developed bald established industries have
expanded at a faster rate than ever before. This expansion is related
closely to the current stimulation of mineral development in the region..
New industries with promise of early development include the pro-

duction of synthetic fuels from oil-bearing shale in the vicinity of
Rifle and.increased production of coking coal from the newly developed
deposits in the area east of Delta and Hotchkiss. The spiraling de-
mand for oil in the face of diminishing known natural reserves por-
tends early production of synthetic fuel from oil shale or coal. Explora-
tion for new petroleum deposits is going forward on an unprecedented
scale. The resulting discoveries, however, will only temporarily and
partially meet the oil demands. Meanwhile the Bureau of Mines is
conducting extensive experiments on the recovery of oil from oil
shale and coal. An oil shale pilot plant is being operated at Rifle,
Colo. The expansion of steel industries in Utah and California indi-
cates that the Delta and Hotchkiss coking coal deposits soon will be
developed. The mining of lead, zinc, silver, and gold within the power
market area has increased during the last 2 or 3 years. The national
program for stockpiling of strategic metals is accelerating develop-
ment of the nearby mineral resources. The Atomic Energy Commis-
sion and the Geological Survey have recently set up offices in Grand
Junction for the purpose of purchasing and milling uranium ores and
furthering exploration. With future developments in the field of
atomic energy or in case of war emergency, vast amounts of electric
energy would be required for the processing and refining of the carno-
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tite ore which is found in the area south and west of Grand Junction.
Drawing No. 482—P-92 shows past power requirements and future

requirements estimated for the area through the year 1956. The
curve is based on the findings of a power market survey made in
January 1947. It is in substantial agreement with the findings of a
more recent study made by the Federal Power Commission entitled
"Power Market Survey, Colorado River, Upper Basin," dated Febru-
ary 1948. The estimates of future energy requirements are believed
conservative in view of the prospects for future developments of min-
eral resources, future irrigation of new lands, and the establishment of
new industries.

Table 46 shows the area's energy requirements, load factors, and
peak demands estimated for the years 1951, 1956, and 1960.

TABLE 46.—Estimated future power load of area

Item 1951 1956 1960

Energy requirements 1,000 kilowatt-hours_ _ 85,600 117,100 144,000
Load factor percent_ _ 50 53 55
Peak demand kilowatts_ _ 19,500 25, 200 29,900

All of the market area is not immediately available to project power,
and the building of a transmission system large enough to supply the
principal load centers would be costly. All of the output of the project
power plants, however, could be absorbed by existing utilities in the
immediate vicinity of the nlani-Q

POTENTIAL DEVELOPMENT

The project plan includes the construction of two small power plants
along the domestic and municipal water line which would bring water
from high on Grand Mesa to a point near Cameo on the Colorado
River.
Water supplies are adequate to maintain a constant flow of 20

second-feet of water through the power plants. More than 20
second-feet would be available to plant No. 1 during the spring run-
off and during hours of daily peak demand. Plant No. 1 would have
an installed capacity of 5,000 kilowatts and would generate 30,600,000
kilowatt-hours of firm energy and 6,670,000 kilowatt-hours of bon-
firm energy annually. Plant No. 2, utilizing a constant flow of 20
second-feet, would have an installed capacity of 2,400 kilowatts and
would produce annually 21,000,000 kilowatt-hours of firm energy.
This plant would be suitable for automatic operation.
The generating capacity planned for the two plants would utilize

the available water supply to best advantage. Greater firm capacity
would require a large amount of costly reservoir storage which cannot
be economically justified. The planned capacity of the project
plants would not justify the construction of an extensive transmission
system to serve all potential customers in the market area.
A transmission line would be provided to transmit power from plant

No. 1 to plant No. 2 and from plant No. 2 to a point of delivery near
Cameo, Colo. Additional transmission facilities may be needed to
make deliveries at other points to potential customers. If additional
transmission costs were incurred .in making such deliveries, the cost
would be reflected in the power rates charged.
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CHAPTER VI

MUNICIPAL AND DOMESTIC WATER

PRESENT DEVELOPMENT

General
Only the three principal communities in Grand Valley, Grand Junc-

tion, Palisade, and Fruita, have improved municipal and domestic
water-supply systems. In these places the quality of the water is
excellent, but the quantity is inadequate for anticipated future needs.
Domestic water for rural areas is either hauled from one of the three
communities and stored in cisterns or taken direct from irrigation
ditches or from the few wells in the valley. From the standpoint of
sanitation the rural supply is deficient in both quantity and quality.
As increased use is made of water, the stream flow is becoming harder
and more polluted.

Water from the artesian wells is of excellent quality and has become

popular with rural users. Most of the well owners have developed
water-hauling businesses or sell water to commercial haulers. As a
result the artesian flow is fully used and in some cases pumps are

operated to increase output. Because of the low permeability of the

sandstone supplying these wells, there has been a marked loss in ar-

tesian head during the last few years. Should the present rate of

development be continued, it is probable that artesian flow will cease

in the near future.

Grand Junction water supply system
Grand Junction now obtains its domestic water from Kannah Creek,

a tributary of the Gunnison River. The water is diverted from the

creek above all principal diversions for irrigation and is carried through

a pipeline 20 miles to a treatment plant located 1 mile south of the

city. The present collection system, pipeline, and treatment facilities

have a capacity of about 8,000,000 gallons a day. The city has two

natural flow water rights in Kannah Creek totaling approximately

11.7 second-feet (7,600,000 gallons a day). A combined reservoir

•capacity on the Kannah Creek watershed of 1,500 acre-feet is owned

by the city and is used to furnish seasonal control and provide hold-

over storage to supplement the natural flow rights. The water rights

and supply system are considered by city officials to be adequate for

present needs even during periods of drought but inadequate to sup-

port a further increase in population.
Grand Junction's present population of 18,500 is being served by a

distribution system through 4,000 outlets. About 3,300 outlets are

used for domestic purposes within the corporate city limits, 550 are

used for commercial and industrial use in the city, and 150 are used

for domestic and stock-watering purposes in areas adjacent to the city.

Palisade water supply system
Palisade receives its water from springs on the headwaters of Rapid

Creek, a tributary of the Colorado River, about 6 miles southeast of
131
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the town. The water is piped to a small treatment plant, located 1mile east of the town. The system delivers about 1,000,000 gallonsa day to Palisade and vicinity through 500 individual outlets. About
350 outlets are within the corporate limits of the town and are usedfor municipal, domestic, and industrial purposes. The remainingoutlets supply domestic and stock water to the area surrounding thetown.
Fruita water-supply system
Domestic and municipal water is supplied the town of Fruita by acollection pipeline system heading on Pinion Mesa and extendhig some25 miles north through the Colorado National Monument to a smallreservoir and treatment plant located approximately 2 miles south ofthe town. The water is diverted from the headwaters of East Creek,a tributary of the Gunnison River; the headwaters of Hay PressCreek, a tributary of the Dolores River; and several small springs.Three small reservoirs with a total of less than 80 acre-feet of storagecapacity provide operational flexibility. The present system iscapable of providing the town of Fruita and environs with a maximumof 500,000 gallons a day. Water is distributed to approximately 500outlets, about 425 of which are within the corporate limits of the town.The remaining 75 are in the farming area bordering the town.

ANTICIPATED NEEDS
Population trend
The Grand Junction, Palisade, and Fruita water systems serveapproximately 23,500 people or 62 percent of the population of GrandValley. The Palisade system is adequate for present needs and somefuture municipal needs. The Grand Junction and Fruita systemsprovide only enough water for present needs. Future gilowth willrequire the development of additional water supplies.
In order to determine future water requirements, a study of popula-tion trends was made for Grand Valley using data compiled by theengineering firm of R. J. Tipton & Associates, Inc., Denver, Colo.The results of this study are indicated graphically on drawing No.482—P-32. The population of Grand Junction is expected to reach20,500 by 1950 and to increase at a slightly accelerated rate to about47,000 by the year 2000. The total population within Grand Valley,including Grand Junction, is expected to be 62,000 by the turn of thecentury. These estimates are based on a normal rate of municipaland rural expansion. Should large industrial development takeplace in the-area, a much faster population growth would result.

Anticipated use of project municipal and domestic water
For purposes of analysis Grand Valley has been considered in fourseparate parts or divisions with respect to municipal and domesticwater supply. The four divisions, as shown by the vicinity map ondrawing No. 482—P-32, consist of the city of Grand Junction, theFruita Division including the town of Fruita and the western portionof the valley, the Palisade division including the town of Palisade andthe upper part of the valley north of the Colorado River, and theOrchard Mesa division embracing the eastern part of Grand Valleysouth of the river.•
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Although the present water supply of Palisade is adequate for som6

future municipal growth, it is inadequate to provide service to adjacen
t

rural areas. A portion of the rural area embraced by each of thes
e

divisions was considered, therefore, in determining future domestic

water requirements of the project. Domestic water systems would be

extended only to the rural areas with fairly heavy concentrations o
f

population which would not require excessively long supply lines. Th
e

rate of rural growth will determine the rate at which the water syst
ems

are extended. It is estimated that by the year 2000, 15 percent of 
the

population of the Fruita division and 30 percent of the Palisad
e

division would be served domestic water from the project. 
•

The Orchard Mesa division is now without piped domestic wat
er.

It is made up of small communities rapidly becoming residen
tial

districts suburban to the city of Grand Junction. Residents of this

area are pressing the city to extend water mains for their use
. At

least 50 percent of the people of this district are expected to be ser
ved

domestic water from the project. The remaining population is so

scattered that distribution would not be economically justified
.

The project water supply and the present water supply of G
rand

Junction are believed adequate to meet the city's needs for do
mestic,

municipal, and industrial purposes until after the year 2000.

WATER REQUIREMENTS

Use of municipal water
Grand Junction's future requirements for domestic and municipa

l

water were estimated on the basis of past use. The present sys
tem

can supply 430 gallons per capita daily, including nominal s
ystem

losses, for the 18,500 people served. This is considered adequate to

meet present peak demands of the city for domestic, industrial
, and

commercial uses. The maximum capacity of the system is fully

utilized only during July and August. Less than 200 gallons per

capita daily are required in the winter months. The yearly 
average

• is 300 gallons a day for each resident. Over-all annual use in the city

amounts to approximately one-third acre-foot of water per capita.

The per capita use of water is expected to remain about the 
same

over an extended period in the future. Requirements for maximum

daily use, including treatment and distribution losses, ar
e estimated

at 420 gallons per capita. A small amount of water would
.be saved

with the treatment of a larger volume of water, and the p
er capita

use of domestic water would probably decrease as the city 
became

more densely populated. Table 47 shows the present pattern of

water use by the Grand Junction system and the estimated
 future

demand. Quantities shown in the table include treatment and

distribution system losses.
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TABLE 47.—Estimated requirements of Grand Junction for domestic and municipal
water

Month
Past pattern of
use by Grand
Junction'

Estimated
future

pattern of use

Estimated future requirement
per capita

Gallons per
day

Acre-feet
per month

Percent PercentJanuary 5.5 5. 7 200 0.019February 5. 2 5. 1 200 .017March 5.8 5.7 200 .019April 8. 1 7.8 280 .026May 10.9 10.8 380 .036June 11.4 11.1 400 .037July 12.0 12.0 420 .040August 2 10.8 12.0 420 .040September 11.2 10. 8 390 . 036October 7. 7 7. 8 270 .026November 5.7 5.5 200 . 018December 5. 7 5. 7 200 .019
Total 100. 0 100. 0 3 297 .333

I Based on the average use of water for domestic, municipal, and industrial purposes by the city of GrandJunction during the period 1942 to 1945, inclusive.2 Limited by available water supply.
3 Average.

Service requirements
The municipal water supply system of Grand Junction is at presenttaxed to the limit of its capacity. There is no reserve to meet thegrowing needs that even next year may create a serious water short-age. The city must act at once, therefore, to provide more water.Temporary emergency measures may be necessary until a permanentlong-range development can be made. If water should be availablefrom the Collbran project by 1953, the interim emergency develop-ment would be small, amounting to an estimated additional capacityof 1 million gallons daily. The city is now investigating means ofproviding additional water for immediate needs. The purchase ofwater rights on the Kannah Creek watershed and the pumping ofwater from the Colorado River are being considered. Domesticwater would not be made available to rural areas until larger develop-ments were undertaken.
It is estimated that the potential Collbran project would adequately,serve increased municipal and domestic water needs in Grand Junc-tion and adjacent rural areas of Grand Valley for a period of 50 years.It could supply the maximum needs for a population of about 31,000.Drawing No. 482—P-29 shows the estimated service of domestic andmunicipal water by the project system. Estimates of future popula-tion include all rural and urban districts serviceable by the potentialproject. Water requirements are shown both by peak daily demandand total annual use. Although the drawing shows conditions basedon project construction by 1955, the same general conditions wouldapply for any like period of similar population trends.

SPECIAL WATER TREATMENT

Because the watershed area from which domestic and municipalwater would be piped is free of soluble salts and has a heavy vegeta-
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tive cover, the project water is soft 1 and free from silt. It is of ex-
cellent quality and would require no special treatment other than
filtration and chlorination. The reservoirs used for storage control
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above the collection system, however, are subject to accumulation of
algae, and they would require treatment to prevent undesirable effects
of such growth.

1 The total hardness of project waters has been estimated at less than 75 parts per million by the R. J.
Tipton & Associates engineering firm of Denver, Colo.
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POTENTIAL DEVELOPMENT

Project plan
As discussed in chapter I under Plan of Development, water for

domestic, municipal, and industrial use would be delivered for dis-
tribution at the potential equalizing reservoir that would be con-
structed by the domestic and municipal water users about 4 miles
northeast of Grand Junction. The water users also would construct
a filtration and purification plant and a supply main from the equaliz-
ing reservoir to Grand Junction. Development of the project would
provide for most of the rural needs of Grand Valley thereby greatly
improving public-health conditions of the area and conserving the
limited artesian water supply. Homes within the Orchard Mesa and
Palisade divisions would be supplied by a lateral distribution system
from the potential supply main. Homes of the Fruita division so
situated that distribution would be economically feasible would be
supplied from a main extending northwest from Grand Junction.



CHAPTER VII

OTHER PROJECT USES

FISH AND WILDLIFE CONSERVATION

Requirements for fish and wildlife protection

Findings of the Fish and Wildlife Service in its study of the potential
project are discussed in a report dated March 1948, which is included
in full as part of these substantiating materials. The Service recom-

mended certain provisions, discussed below, for the full protection
of existing resources and for the most beneficial use of potential
developments.

1. When Vega Reservoir has been filled to maximum capacity,

excess flow of Leon Creek should be bypassed down the natural creek

channel rather than spilled from the reservoir into Plateau Creek.

This would add to the fishery values of the 5-second-foot-minimum

bypass as planned to satisfy downstream water rights.
2. The reservoirs of the Big Creek and Cottonwood Creek systems

should be so operated that water from the enlarged natural lakes

would be drawn first. On the remaining reservoirs, the rates of

draw-down should be in proportion to the reservoir's maximum

capacities so that the largest possible minimum pools could be main-

tained in all cases.
3. Reservoir releases should be made by gradual opening and closing

of gates to prevent sudden changes in water surface elevation. Grad-

ual reservoir releases also would bring about slow changes in stream

runoff below the dam, thus preventing downstream wash-outs.

4. Big Creek is considered by the Fish and Wildlife Service to have

a greater fishery value than Cottonwood Creek. It was therefore

recommended that the maximum possible diversion be made from the

natural flow of Cottonwood Creek in order that a larger flow might be

maintained in Big Creek.
5. To prevent fish losses in canals and turbines, fish barriers and

screens would be required at canal and pipeline intakes. A drop

or fish barrier would be required in the chute leading from the Leon

Park feeder canal into Vega Reservoir to prevent detrimental

upstream migration of fish during the spawning season. Bar-type

fish screens would be needed at the pipeline intakes on Bonham and

Big Meadows Reservoirs, and rotary-type fish screens would be needed

at feeder canal headings.

Contemplated measures for fish and wildlife protection

The provisions recommended by the Fish and Wildlife Service

would have no adverse effect on other phases of the project and have

been incorporated in the plan of development.
The diversion structure for the .Leon-Park feeder canal has been so

designed that the stream flow could be diverted or bypassed as desired.

'Therefore, water that would normally be spilled from Vega Reservoir
137
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or released to lower Plateau Creek users could be allowed to flow
down the channel of Leon Creek.
Under the development plan the collection pipeline system would

first utilize storage from the more remote reservoirs, including the
enlarged natural lakes. The larger reservoirs of the Big Creek system
would provide final control of diversions. Water could be released
from the reservoirs at rates approximately proportional to reservoir
capacity without a decrease in project efficiency. Gradual changes
in rates of reservoir releases could also be made.
The capacities of the pipeline collection system (Bonham intake,

30 second-feet, and Big Meadows intake, 15 second-feet) would permit
considerable flexibility of operation in the diversion of natural flow.
With the maximum divertible flow of Cottonwood Creek supplied to
the pipeline, larger flows in Big Creek below Bonham could be main-
tained to keep the stream's high fishery values. Such operation would
not change the amount of water required from Plateau Valley for
replacement of water diverted. It would merely require larger
replacements for Cottonwood Creek lands with correspondingly
smaller replacements for Big Creek lands. Table 48 shows the
average Big Creek flows recommended by the Fish and Wildlife
Service and the flow that can be maintained by the project without
detrimental effects to other uses. The table is based on water-supply
records for the period 1920-45, inclusive.

Fish screens and barriers would be constructed as part of the
project. Their estimated cost has been included in the total con-
struction costs of the project.

TABLE 48.-Estimated average flow of Big Creek below Bonham Reservoir with project
operation

(Unit: second-feet]

Month Recommended
average flow

Average flow
without
exchange

Additional
flow avail-
able through
exchange

Total flow
under modi-
fled plan of
operation

1 2 3 4 5

October 8.0 3.5 4.5 8.0November 3. 5 3. 5  3. 5December 3.5 3.5  3.5January 3.5 3.5  3.5February 3.5 3. 5  3. 5March 3.5 3.5  3.5April 3.5 3.5  3 5May 18.0 13.0 5.0 18. 0June 20.0 44.0  44.0July 16.0 12.0 4.0 16.0August 10.0 5.0 5.0 10.0September 10. 0 5. 0 5. 0 10. 0

Column 2: Average flow recommended by Fish and Wildlife Service.
Column 3: Average flow under the plan adopted for project water operation studies.Column 4: Additional flow that would be made available through exchange of Cottonwood Creek waterfor Vega Reservoir storage which otherwise would have been utilized for replacement to Big Creek lands.Column 5: Average flow of Big Creek below Bonham Reservoir under the modified plan of operation.Such operation would not be adverse to other water uses of the project.

Effect of project on fish and wildlife resources
Development of the project, 'and particularly the enlargement of

the Bonham Reservoir, would improve reservoir fishery conditions in
the area. The project, however, would lower the values of stream
fishing, the most significant stream losses being expected on Leon,
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Plateau, Cottonwood, and Big Creeks. Its over-all effect on fishing
conditions is expected by the Fish and Wildlife Service to result in a
net annual benefit of $9,600.
Inundation of 240 acres of range land by Vegl, Reservoir would

result in a loss in the value of big game (elk and deer), while the value
of the waterfowl habitat would be increased by the construction of
Vega Reservoir, enlargement of Bonham Reservoir, and maintenance
of more uniform water surfaces on other reservoirs. The exchange
of Cottonwood Creek water to augment flows of Big Creek would
maintain the value of fur animals. The development would not
affect upland game. The over-all effect of the project on wildlife.
habitats is expected by the Fish and Wildlife Service to result in a
net annual loss in value of $300. With the suggested modified plan_
of development, therefore, the effect of the project on both fish and
wildlife would result in a net annual benefit of $9,300.

RECREATION

The degree to which recreation could be developed on the water-
sheds from which a domestic supply is to be obtained would be
governed by limitations imposed by the domestic water users and
various agencies in the interests of public health and management.
This report, therefore, fully considers the recreational potentialitiea
of the project but does not include the construction of recreational
facilities in the project plan nor the cost of such facilities in the
estimated cost of project construction. For -a full appraisal of all
advantages which might result from project development, however,
the benefits and costs which would accrue from full development of
recreation have been considered in the analysis of project benefits
and costs discussed in chapter VIII. Recreational facilities could
be provided at any time after project construction without materially
altering any project feature.
Need for development
A report of the National Park Service dated December 1947,

summarizing its investigations of the recreational aspects of the
Collbran project, is included in full as part of these substantiating
materials. This report refers to a report by the Fish and Wildlife
Service compiled in November 1946 which has since been revised in
accordance with the present project plan. The revisions made, how-
ever, would have no material effect on the National Park Service's.
appraisal of recreational values. It is the revised Fish and Wildlife
Service Report that is discussed in the preceding section and that is
included with these substantiating materials.
The National Park Service Report points out that the number of

visitors to Grand Men is continuously increasing, with the resultant
need for additional recreational development in the area. Areas.
where good recreational facilities exist, particularly in the southwestern
portion of the mesa, are so overused that much of their desirability
is lost. Other areas, however, particularly in the mesa's northeastern
portion where the project features would be constructed, have good
recreational possibilities but are unused as ná facilities are available.
Development of recreational facilities at the Vega site is desirable to,

87297-51-10
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lengthen the area's recreational period as the higher reaches of Grand
Mesa cannot be reached by car during the early and late seasons.

Potential recreational development
The National Park Service has recommended development of

recreational facilities for only Bonham and Vega Reservoirs, the two
major storage features of the project. Other storage features of the
project would have good fishery value, but their relative inaccessibility
would make extensive recreational development undesirable.

Vega Reservoir.—The National Park Service recommends that only
limited recreational facilities be established at this reservoir as it
would achieve only local significance for recreation. The facilities
would consist of a public campground and provisions for the landing
and launching of small boats. Pit toilets would be adequate for the
moderate anticipated use, and potable water facilities would be desir-
able if found economically feasible. The most attractive sites for
the development of recreational facilities lie along the south side of
the potential reservoir in timber groves. Such sites would be accessi-
ble by a road planned for construction around the reservoir to provide
access to existing farmsteads. Short spurs and parking areas would
have to be constructed at the camping grounds.
Bonham Reservoir.—Recreational use of Bonham Reservoir should

be much broader than that of Vega Reservoir. The reservoir would
help to relieve overcrowded conditions at other recreational points on
Grand Mesa. Careful planning must be made to the end of meeting
immediate recreational needs with sufficient flexibility to provide for
larger requirements of the future. On this basis the National Park
Service recommends the following developments for this reservoir:

1. Picnic and camping areas planned for suitable expansion
with proved need.

2. Pier and boat-launching arrangements.
3. Lodge with overnight accommodations, including overnight

and housekeeping cabins and boat rental facilities. This would
be a concession development.
4. One organized or group camp.
5. Utilities: Potable water; sewage disposal; power distribution

(if and when available).
6. Access roads and parking areas.
7. Employees' residences and utility area. (These items

would be contingent upon the needs of the administrative agency.
Should, as seems probable, the Forest Service be the adminis-
trative agency, there would probably be no need for such items
at Bonham Reservoir. Other such facilities on Grand Mesa
would be ample.)

Unless there is a need for very extensive development of facilities
in the future, the east side of the reservoir would provide the best
sites for camping areas. That side of the reservoir is paralleled by
the main road from Collbran, and good accesses to the camping area
would be provided by the construction of short spurs and parking
areas.
Estimated cost and returns of development

• The cost of constructing the recommended recreational facilities
has been estimated by the National Park Service at $13,300 for Vega
Reservoir and $166,000 for Bonham. One half the cost at Bonham,
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,or $83,000, would be borne by the concessioner and repaid from
resort income including the rental of cabins and boats. The total
construction costs amortized over a 30-year period (estimated life of
major facilities) at 3 percent interest would amount to about $700 ,
annually at Vega Reservoir and $8,400 annually at Bonham Reservoir.
Annual operation and maintenance costs of recreational facilities are
estimated at $490 for Vega and $3,500 for Bonham. It is expected
that replacement costs during the amortization period, amounting
to an estimated $3,400 for Vega and $33,000 for Bonham, would be
paid from concessioner receipts.
The gross postproject recreational value of the project would be

$33,600 annually as estimated by the Park Service. Of this total,
$1,100 would be attributed to increased recreational use of Vega
Reservoir and $32,500 to Bonham. These annual values are exclu-
sive of fishery benefits. Tables 49 and 50 summarize the estimated
recreational costs and returns of the project.

TABLE 49.—Construction costs of recreational facilities

Area

Development cost

Total cost

Annual cost
(30 years at
3 percent)Nonrepay-

able Repayable

Vega Reservoir $13,300  $13,300 $700
Bonham Reservoir 83,000 '$83, 000 166, 000 8, 400

Total 96, 300 83, 000 179,300 9, 100

Repayable from concessioner receipts.

TABLE 50.—Summary of annual costs and values of recreational facilities

Area Annual
cost

Annual
operation
and main-
tenance

Total
annual 
cost

Annual
value'

Net annual
value

Vega Reservoir 
Bonham Reservoir 

Total 

$700
8,400

$400
3, 500

$1, 100
11, 900

$1, 100  
32, 500 $20, 600

9, 100 3, 900 13, 000 33, 600 20, 600

I Exclusive of fishery value.

Evaluation of benefits
Both Bonham and Vega Reservoirs are easily reached by automobile

and would open fine recreational areas to public use. Improved facili-
ties of Bonham Reservoir would not be in competition with other areas
on Grand Mesa but would increase recreational values of the entire
area through a more uniform use. The local population would receive
greatest advantage from Vega Reservoir during the early and late
seasons of the year. Both reservoirs would have greater fishing appeal.
Boating would be possible on both reservoirs, and because of its lower
elevation Vega Reservoir would afford swimming. Bonham Reservoir
would provide excellent opportunity not only for fishing and boating
but also for picnicking, camping, hiking, horseback riding, and other
forms of recreation associated with high mountain areas.
The net annual monetary benefit that would result from full recrea-

tional development of the project features is estimated by the National
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Park Service to be $15,600. This entire benefit would be attributable
to the development of Bonham Reservoir facilities. Although the rec-
reational value of Vega Reservoir would be enhanced by about $1,100'
annually, the Park Service believes the benefits would be offset by the.
attendant costs of construction, operation, and maintenance.

FLOOD CONTROL

The protected nature of the Plateau Creek drainage area minimizes.
the possibility of extreme floods. The lower watersheds of main Pla-
teau Creek and Buzzard Creek are subject to minor flash floods from
cloudburst storms. These storms occur during the late summer after
the heavy spring runoff of other tributaries has receded. There is,
however, no record of any significant flood damage having occurred in
Plateau Valley in the past.

Construction of Vega Reservoir and enlargement of Bonham Reser-
voir would provide almost complete control of Plateau and Big Creeks,
thus reducing heavy stream runoff during the spring of the year.
Normal operation of these reservoirs for irrigation would also tend to.
lessen the effects of summer storms. It is apparent, therefore, that
some minor flood-control benefit would result from the project. As
there is no serious flood hazard in the area, however, flood protection
furnished by the project would be negligible and would have no sig-
nificant monetary value.

SEDIMENT CONTROL

The high altitude of the watershed of Plateau Creek and its tribu-
taries and the heavy vegetation with which the watershed is covered
result in clear water runoff. Therefore the project could have no.
measurable effect on silt and debris control.

DRAINAGE

No drainage problem exists on the arable lands of the project area,
as the soil characteristics and topography provide good natural drain-
age. No drainage problems are expected to develop under project
operation.
The present practice of overirrigation in the spring of the year has

resulted in the saturation of some low lands along the Plateau Creek
channel below the irrigable lands of the project. With more uniform
application of water on higher lands under project operation, it is pos-
sible that this condition would be alleviated to some extent. Such
benefit would be small, however, and its monetary value would be
insignificant. The saturated areas occur in small scattered tracts of
questionable soil quality. Drainage would, therefore, not be economi-
cally justified.

STREAM POLLUTION ABATEMENT

Stream pollution abatement would not present any problem in proj-
ect development as the project streams originate on a high, unpolluted_
watershed.

NAVIGATION

None of the project streams is navigable.



CHAPTER VIII

FINANCIAL ANALYSIS

National benefits and costs resulting from project development are
analyzed as annual equivalent values. It is essential, therefore, that
-a common period be established to provide a basis for computations.
For the benefit-cost analysis of this report, the useful life of the project,
,estimated as 100 years, was selected as the common time basis. Con-
sidering the very low silt content of the project streams, at and above
the elevations of the potential storage features and canals, the useful
life of the earth structures, including Vega and Bonham Dams, South-
side canal, feeder canals, and ditches, has been estimated to be 150
years with proper maintenance. Because most of the project works
are earth structures, the project would be expected to remain in opera-
tion as long as these structures were useful. Because of uncertain
conditions over such an extended period, however, the over-all life
of the project was conservatively estimated as 100 years.
Many of the project works, such as pipelines, power facilities,

bridges, headgates, and canal turn-outs, would require periodic replace-
ments for efficient operation during the life of the project. The cost
of such replacements has been considered in the annual equivalent
costs which are discussed later in this chapter. An interest rate of
2.5 percent has been considered in studies of Federal funds expended
and revenues received. It is considered that such funds would have
.an equivalent value if used for other purposes.

BENEFITS
Direct irrigation benefits
The direct irrigation benefits that would be realized from project

development consist of the increase in income from agricultural
products and services that would result from the improved water
supply. Therefore, the increased earnings of the land and water,
labor, invested capital, and management involved in production con-
-stitute a measure of the net direct national benefits from irrigation.
•Such increased earnings are readily susceptible of monetary evalua-
tion from an analysis of the agricultural economy without project
,development as compared with that expected after the project has
been constructed. An analysis of this nature was discussed in chapter
IV. The tabulation on the following page presents a summary of
the factors involved and the net annual national direct benefit to
irrigation that would result from project development.

143
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Increases in annual income:
Receipts from sale of produce $189,500)

Farm privileges 10,800`

Total income from farm 200,300

Increases in annual expenses:
Interest costs 16,300

Hired labor 18,500

Other expenses 1 

Total 

21,400

56,200

Annual direct benefits:
Direct benefits to project farmers 144,100

Direct benefits to others (interest cosy-l-hired labor) 34,700

Total direct benefits 178,800,

I Other expenses include such operational costs as seed, fertilizer, supplemental feeds, range fees
,. stock

replacements, veterinary fees, etc.

Direct power benefits
National direct power benefits would consist of the increase in

usable energy delivered for sale as a iesult of sproject 'development..

The monetary value of these benefits is measured by the gross revenues:

expected from the sale of the power produced. These estimated gross

power revenues are shown in the following tabulation:

Annual revenues frcim power:
Sale.of firm energy (51,600,000 kilowatt-hours, at 5.6 mills) 5288,960'

Sale of nonfirm energy (6,670,000 kilowatt-hours, at 3 mills) 

Annual direct power benefits 

20,000'

308,960

Domestic and municipal water supply benefits

The benefits from the use of water for drinking and other domestic,.

commercial, and municipal purposes are measured by the cost of the

cheapest alternative source of new equivalent water. Since a water

supply is indispensable to any community, a separate justification of

the cost of such an alternative development is not necessary.
The Collbran project would provide water of excellent quality for

domestic and municipal use in Grand Valley. The water users would

provide an equalizing reservoir and facilities for ultimate distribution.

Since any other development to supply the valley municipal water

would require construction of essentially these same facilities by local

interest, the alternative cost to be considered would be that of supply-

ing water equivalent in quality and quantity to project water. From

rough studies made by the Bureau of Reclamation and detailed

investigations conducted by R. J. Tipton & Associates, engineering

firm for the city of Grand Junction, it was determined that drawing

of water from the Colorado River would be the cheapest alternative

means of supplying such water. The Colorado River water, however,

would require extensive treatment for the removal of water hardness

(soluble salts) before it would be equal in quality to the project water.

The cost of chemicals for such treatment has been estimated at $50

per million gallons of water. The use of Colorado River water would

also require the construction of extensive treatment facilities, a supply

line, and pumping facilities. The minimum annual cost of pumping

would be about $13 per million gallons of water.
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The use of water for domestic and municipal purposes is expected
to increase with the population at a more or less uniform rate during
the first 50 years of project operation. At the end of that period it
is anticipated that a population of approximately 31,000 would be
receiving a full, usable supply of 3,350 million gallons annually. An
average annual supply of about 2,000 million gallons would be provided
during the period. During the second 50-year period a full supply of
3,350 million gallons of water is expected to be used each year. There-
fore, over the 100-year expected life of the project an average of
approximately 2,670 million gallons would be supplied annually.
This average supply would cost approximately $203,500 annually for
water treatment, pumping, and amortization of capital costs of re-
quired structures over 100 years at 2.5 percent interest. This cost is
the monetary measure of the average annual benefit resulting from the
project municipal water supply.
Fish and wildlife conservation benefits
The Fish and Wildlife Service has appraised the annual values of

fish and wildlife resources of the area at $18,600 under present condi-
tions and at $27,900 with project development. The net annual gain
in value of $9,300 expected to result from the project is taken by the
Service as the measure of the benefit to fish and wildlife.
Recreational benefits
The National Park Service estimates a net annual increase in

recreational value of $15,600 would result from project development,
and this increase is taken by the Service as a measure of the project's
benefit to recreation. Realization of the entire benefit, however, is
contingent upon the provision of adequate recreational facilities, the
cost of which is further discussed in this chapter under the section on
benefit-cost ratio.
Indirect irrigation benefits

Besides the direct tangible benefits already discussed, the project
would bring significant and valuable national benefits as a result of
its stimulating effect on business and industry involved in the process-
ing of farm goods. Such national benefits would be of an indirect
nature but are measurable in monetary value.

Indirect benefits from irrigation of project lands would result from
the processing of additional agricultural products and from increased
local sales of goods and services. Processing benefits would include the
increased value of merchandising, industrial processing, and wholesale
and retail trade involved in the conversion of agricultural produce into
consumer goods. The benefits realized from local sales of goods and
services would consist of the increased expenditures made by local
inhabitants for transportation, consumer goods, and public and
professional services. The estimated annual values of these indirect
irrigation benefits are shown in the following tabulation.
Indirect benefit: Annual value

Processing and merchandising of increased agricultural products__ $115, 600
Increased local:sales of goods and services  45, 000

Total   160, 600
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Indirect power benefits
Indirect power benefits would result from the distribution and

final utilization of power generated by the project. The value of such
benefits is determined through consideration of three separate elements
discussed below.

Benefit B-1.—The saving in production cost to utilities pur-
chasing power from the Bureau for resale and assumed to be
passed on to the consumer;

Benefit B-2.--A proportionate share in the retailing utilities
benefits arising from resale of Bureau power to ultimate consumer
at higher rates;

Benefit B-3.—A proportionate share in the increased value of
the goods and services produced by final utilization of Bureau
power.

From estimated production costs and studies of past use of elec-
trical energy in the potential power market area, these annual indirect
benefits have been evaluated as follows:
Benefit B-1 $74,590
Benefit B-2 155,920
Benefit B-3 21,230

Annual indirect benefit 251,740

Intangible benefits
In addition to the measurable benefits that would be realized from

-the project, real and very valuable contributions of an intangible
nature would be made to the public welfare and national security.
Although these benefits are not susceptible of monetary evaluation,
they are important to national morale and economy. Through an
-enlarged agricultural industry, resulting from improved irrigation,
more and better farm homes could be furnished, economic oppor-
tunities would be enhanced, more labor would be employed, and
incomes would be stabilized. Increased generation of electric energy
would also provide greater employment opportunities by making
possible greater industrial development. The morale of the local
population would be raised by an increased standard of living which
would be provided from the use of electrical appliances. Project
power would help meet the great need for energy for local processing
or uranium ores that would arise in case of national emergency. An
improved domestic and municipal water supply would provide for
community and industrial development. Rural residents, who must
now use ditch water for domestic purposes, would enjoy piped culinary
water. Intangible benefits would also be far reaching in scope.

BENEFIT-COST RATIO

Annual equivalent costs
Project construction costs.—To determine the ratio of benefits to

costs, the costs were considered on the same basis as the benefits
previously discussed. Annual equivalent values were established for
the costs by amortization of the initial cost of project development
over a 100-year period at 2.5 percent interest. Proper allowance was
made for interest costs during project construction and salvage values
of structures which would be useful after the 100-year period of
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analysis. The annual equivalent costs of project development thus
determined, including the cost of full recreational development, were
found to be approximately $364,700.'

Operation, maintenance, and replacement costs.—The costs of opera-
tion, maintenance, and replacement of project works were also con-
sidered over a 100-year period of project operation. Such costs,
with the exception of those chargeable to the generation of power,
were based on average prices for the period 1939-44, which are
believed indicative of average prices for such items over an extended
period in the future. The costs chargeable to power were based on
current prices in accordance with present Bureau policy.
Computed on the bases discussed above, the total operation,

maintenance, and replacement costs of project works, including those
chargeable to recreation, were estimated at $118,100. Replacements
were computed on a sinking-fund basis at 2.5-percent interest over
100 years.

Indirect costs.—In addition to the costs already discussed, the
project would involve increased private capital costs. Such costs
would include the increased annual capital investment in equipment,
labor, operation, and maintenance, and larger-scale business. The
indirect cost thus incurred has been considered as a negative benefit
in the computation of national benefits and, therefore, it need not be
separately evaluated at this time.
Summary of costs.—The total annual equivalent costs of project

development are summarized as follows:
Project construction $364,700
Operation, maintenance, and replacements 118,100

Total annual costs 482,800

Summary of benefits
Tangible benefits.—The annual direct and indirect tangible benefits

are summarized in table 51.

TABLE 51.—Summary of annual tangible benefits

Project use

Annual benefit

Direct Indirect Total

Irrigation $178,800 $160, 600 $339, 400
Power 308,960 251,740 560, 700
Domestic and municipal water supply 
Fish and wildlife 

203,500  
9,300  

203, 500
9, 300

Recreation 15,600  15, 600

Total 716,160 412,340 1, 128, 500.

Ratio of project benefits to costs
To illustrate the degree of desirability of developing the project,

the estimated national annual benefits ($1,128,500) are compared
with annual equivalent costs ($482,800). This comparison results
in a ratio of benefits to costs of 2.34 to 1. Thus each dollar expended
would result in a national benefit of approximately $2.34.

Capital cost of full recreational development recommended by National Park Service would be $179,300,
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PROJECT COSTS AND COST ALLOCATIONS

Project costs
Considered in project repayment are the total construction costs

estimated at current prices and annual expenditures that would be
required for efficient operation and maintenance of project works
over the repayment period. Beginning with the completion of
project construction, a period of 60 years would be required for full
retirement of the capital investment. Annual operation and main-
tenance costs would consist of the average expenditures required for
,overhead, operation, and upkeep of works each year to obtain proper
.efficiency. Included in the annual operation and maintenance costs
would be an allowance for needed replacements of works which would
normally be expected to fail during the repayment period. Such re-
placement costs have been based on the estimated useful lives of the

• individual project works and were computed as an average annual
sinking-fund deposit that would be required over the 60-year period
:at 3 percent interest. The annual operation, maintenance, and re-
placement costs, with the exception of those charged to power, are
based on average prices of the 1939-44 period. Annual power costs
are based on current prices in accordance with Bureau of Reclama-
tion policy. It is expected that the prices prevailed during
that period would reflect those over an extended period in the future.
The total cost of project construction at current prices would be

$13,299,000, exclusive of nonreimbursable expenditures from Colorado
River development funds for investigations and surveys. An annual
expenditure of $108-,800 would be required to maintain full efficiency
of the project during the 60-year repayment period. Costs of recre-
ational development are not included in present repayment estimates,
since the development of recreational facilities would not require any
modification of the project plan and would be contingent on later
findings of desirability by other agencies. Recreational facilities
.could be constructed at any time in the future after the start of
project operation.
Cost allocations

Allocation of construction costs.—The most suitable basis for allo-
cating project construction costs was found to be an average of the
results of the priority-of-use and alternative-justifiable-expenditure
methods. With the costs allocated on this basis, all project uses
would share in the economy of multiple-purpose development. No
one purpose would be charged more than the capitalized value of its
tangible benefits and each purpose would realize a saving over the
cost of its respective cheapest alternative development.

Table 52 presents a summary of project cost- allocations as com-
puted by the priority-of-use method averaged with the alternative-
justifiable-expenditure method. Subject to approval by the Secre-
tary of the Interior, a nonreimbursable allocation of $257,000 has
been made to the conservation of fish and wildlife. This allocation
is based on the value that would be realized with the annual benefits
from fish and wildlife conservation capitalized at 3 percent interest
.over a 60-year project repayment period.
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TABLE 52.—Allocation of construction costs
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Project purpose

Allocation of capital costs

Priority-of-
use method

Alternative-
cost method

Average

Irrigation $4,026,000 $3,948,000 $3,987,000

Power 6,281, 000 6,345, 000 6,313.000

Municipal and domestic uses 2,735,000 2,749,000 2.742. 000

Fish and wildlife 257,000 257, 000 257,000

Total 13,299, 000 13,299, 000 13.299, 000

Allocation of operation and maintenance costs.—The annual costs of
project operation and maintenance, including replacements, have
been allocated among the project uses by the priority-of-use method.
Table 53 shows the allocations made. Operation and maintenance
costs of fish and wildlife structures would be negligible and have been
provided for in the annual costs of Bonham and Vega Reservoirs.

TABLE 53.—Allocation of annual costs for project operation, maintenance, and
replacement of works

Item

Allocation of annual costs

Total I

Power Irrigation

Municipal
and

domestic
water

Project operation and maintenance $55, 900 $20, 500 $2, 000 $78,500

Replacement of works 24, 100 500 5,800 30,300

Annual cost 80,000 21, 000 7,800 108,800

I All annual costs are based on average prices for the period 1939-44 with the exception of
 power costs

which are based on July 1948 prices.

PROJECT REPAYMENT

The allocation to fish and wildlife is • considered nonreimbursable.

Costs allocated to irrigation, power, and municipal water would be

repaid. These costs would be paid from power and municipal water

revenues over a 60-year period and from irrigation payments over a

50-year period.

Domestic and municipal water supply repayment

Users of domestic and municipal water could be charged at an

annual rate of $78,880 in addition to operation, maintenance, and

replacement costs. This would be adequate to retire the capital

investment over a period of 60 years at 2-percent interest. • A total

of $1,991,001 in interest would be returned to the United States

•Treasury during the 60 years of repayment.

Power repayment
To repay the capital investment allocated to power with 3-percent

interest over the 60-year repayment period and provide for annual

costs of operation, maintenance, and replacements, it would be neces-

sary to sell power at a rate of 5.6 mills per kilowatt-hour for firm

'energy and 3 mills for nonfirm energy. The total annual revenue

from power generated by the project would be $308,960. This would

fully repay all power costs and provide a surplus of $139,016 of power

revenue at the end of the sixtieth year. The interest component,
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amounting to $7,285,584 in 60 years, would pay $2,987,000 toward
the irrigation allocation and still provide the United States Treasury
$4,298,584 for other purposes. If firm power were sold for 6 mills a
kilowatt-hour for the first 6 years of project operation and 5.5 mills
thereafter, retirement of costs allocated to power could be accom-
plished in 60 years. If all firm power were sold at 5.5 mills, however,
64 years would be required for repayment.
Irrigation repayment

It was shown in chapter IV that revenues from irrigation would
provide a total of $41,000 annually for debt retirement and for opera-
tion, maintenance, and replacements. On the basis of operation,
maintenance, and replacements costing about $0.73 an acre, it was
shown that $15,200 annually would be required for these purposes
and $25,800 would be available for debt retirement. Detailed studies,
however, indicate that annual costs allocable to irrigation would
amount to about $1.01 an acre, or a total of $21,000, leaving $20,000
for payment of capital costs. A 3-year development period would be
desirable after the first delivery of project water for irrigation and
before irrigators were charged capital costs in order that they could
fully prepare and improve the lands for operation under the project.
After the development period, however, the irrigators would make
annual payments of $20,000 for 50 years, amortizing $1,000,000 of the
irrigation capital allocation. Payment of the remaining $2,987,000
would require 41-percent of the interest component on the power
allocation. Irrigators would pay their allocation of operation, main-
tenance, and replacement costs throughout the 60-year period required
for total project repayment.
Fish and wildlife nonreimbursable cost
The net annual gain in fish and wildlife resources of the project area,

would amount to $9,300. An annual value of this amount, capitalized
at 3 percent interest over a 60-year period, would constitute a total of
$257,000 in nonreimbursable construction costs.
Pay-out schedule
The repayment schedule on the following page has been prepared'

from an analysis of annual project revenues and disbursements for the
recommended 60-year repayment period.

REPAYMENT ORGANIZATION

A water-conservancy district, which is authorized by Colorado
statutes, would be the most desirable contracting entity for the
project. Such a district may include not only lands to be irrigated
by a project but municipalities, industries, utilities, and others which
would be directly or indirectly benefited by the project. Such districts
have a limited power to tax property within their boundaries for
general district purposes as well as the authority to contract for the
delivery and sale or lease of water for irrigation, municipal, and
industrial use. Such a district would also have centralized control of
the project water supply, the operation and maintenance of the
project, and all other business affairs of the project. Colorado law
also permits the organization of water users' associations, mutual
irrigation companies, and irrigation districts, but the powers of such
entities are too restricted for the project.
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Table 54
PROJECT PAY017 1CHEDULE
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Project
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Interest on investment Rem sent
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of capital Irrigation Power
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9
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11 175,781 114,781 53,119 1,9,575 29,305 3,339,000 5,806,196 2,449,565 11,595,660 11
12 175,186 113,186 55,774 48,989 29,891 3,258,000 5,751,422 2,519,573 11,428,995 12
13 172,553 111,543 56,517 58,391 30,589 3,177,000 5,695,005 2,389,085 11,261,089 13
15 170,850 109,850 58,110 47,782 31,098 3,096,000 5,636,895 2,357,986 11,090,881 14
15 169,107 108,107 59,853 47,160 31,720 3,015,000 5,577,052 2,326,266 10,918,308 15
16 167,311 106,311 61,649 56,525 32,355 2,935,000 5,515,393 2,293,911 10,743,304 16
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it' 135,711 75,711 93,259 36,189 42,691 1,800,000 5,530,553 1,766,752 7,997,185 30

31 132,913 71,913 96,057 35,335 53,545 1,719,000 4,335,396 1,723,197 7,776,593 31
32 130,032 69,032 98,928 34,565 45,416 1,638,000 4,235,468 1,678,781 7,552,259 32
,,,,
-35
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33,717
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8,840
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442,019
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56 27,860 27,861 201,100 7,550 71,450 727,552 300,539 1,028,091 56
57 21,827 21,827 207,133 6,011 72,869 520,419 227,670 758,089 57
58 15,613 15,613 213,347 * 5,553 75,327 307,072 153,343 560,415 58
!.9 Y8 9,212 9,212 219,748 86,680 1 3,067 75,813 87,325 77,530 165,855 5960 21 100 , 21,700 308 960 80,300 2,620 2,620 87 324 86,881 7.800 1.551 77.530 0 0 0 '4,016 60

0t,1 *2 260 (00 1. 260 ow '1 ̂ 00 noo *18 537 600 1, 800,0001 87,285,584 '2,987,000 $14,22f,214 16,313,000 ,15,201,001 $568,000 $1,991,001 82.752.000 8139.016
Columns 3, 6, and 12 - Annual costs provide for operation, maintenance, an replacement of project works.
Co7umn 7 - To'al interest on power investm,nt at end of year, computed at percent.
.7.olumn 8 - Interest on power investa,nt maedel to aid in the repayment of irrigation charges.
Column 9 - Interest on power investment in excess of 4 ,at required for aid in irri7ation repayment.
ro'llmn 13 - Interest on municipal and domestic water supply investment at end of year, computed at 2 percent.rolumn 19 - Farned surplus from no,er revenues.

FINANCIAL ANALTSIS

Cost and Repayment Allocation

Total estimated Project coat   813,299,000

Allocation of Costs
Reimbursable costs:
Irrigation   *3,987,000
Power   6,313,000
Vunicioal and domestic water supply 2,752,000

Total  813,042'000

Nonreimbursable costs:
  A 257,000Fish and wildlife

Total nroject cost   . $13,299,000

Repayment of Reimbursable Costs
From irrigation water users   8 1,000,000
From power revenues:
ror electric plant investment   6,313,000
For irrigation plant investment   2,987,000

From municipal and domestic water users  ",7112,000

Total

Summary of Project Payout

813,052,000

Total estimated project reimbursable cost   813,052,000
Fanned surplus   139,016
Interest:

electric plant investment.   5,298,585
On municipal and domestic water slant investment    1,991,001

Total 819,470,601

,Tet revenues:*.
From irrigation water users   $1,000,000.
rrom sac of project power   13,737,600
From municipal and domestic water users  5,733,001 

Total *19,570,601

*The total interest component from net power revenues
would 'la *7,295,95. Of t'is amount, *2,987,000 would be
re-mired to aid in the -enayment of irri,ation plant costs.

**Net revenues consist of total -roject revenues less
annual costs 'or operation, maintenance and reolacement
of project works.
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A PRELIMINARY EVALUATION REPORT ON FISH AND
WILDLIFE RESOURCES IN RELATION TO THE PROPOSED
COLLBRAN PROJECT, PLATEAU CREEK-COLORADO
RIVER BASIN, COLO.

INTRODUCTION

1. Purpose.—The purposes of this report are to review the plan of
the regional director, region 4, Bureau of Reclamation, covering the
potential Collbran project, Plateau Creek, Colo. • to evaluate the plan
from the standpoint of its effect on fish and wildlife resources in the
area; and to outline preliminary recommendations which should be
incorporated in the plan of development in order to protect and
enhance the existing value of these resources.

2. Authority.—Pursuant to the provisions of Public Law 732,
Seventy-ninth Congress, second session, the regional director, region
4, Bureau of Reclamation, during a conference on June 13, 1947,
requested that a previous Fish and Wildlife Service report covering
the Collbran project, dated December 1946, be reviewed and revised
as required for correlation with modified project plans. This revised
report summarizes the views and opinions of both the Fish and Wild-
life Service and the Colorado Game and Fish Department.

3. Status of project.—The regional director, region 4, Bureau of
Reclamation, is completing his report on the feasibility of the Collbran
project. It is expected that his report will be completed and for-
warded to the Secretary of the Interior in the near future.

DESCRIPTION OF BASIN AND PROJECT AREA

4. General.—The Collbran project is planned to supply supplemen-
tal late season irrigation water for lands in Plateau Valley, supple-
mental municipal water for the city of Grand Junction and Grand
Valley, and hydroelectric power. Water for the municipal supply
and for the production of power would be collected from streams on
the north slope of the Grand Mesa and conveyed by pipeline to a
point near the town of Cameo. Power would be produced from the
high pressure head developed by the pipeline's steep drop down the
slopes of Grand Mesa. The water diverted by the pipeline, which is
presently used for irrigation in Plateau Valley, would be replaced by
water from Plateau Creek which would be stored in Vega Reservoir
to be constructed on the creek. Not only would this storage replace
the diverted water, but it would also provide adequate supplemental
water to all irrigable lands in an areii, south of Plateau Creek, extending
from about 8 miles east of Collbran to about 3 miles west of Mesa.
The irrigation water would be distributed by a canal traversing the
north slope of Grand Mesa from the reservoir to Mesa Creek.

5. Topography.—Grand Mesa and Battlement Mesa are two large
flat-topped mountains, the summits of which are roughly 11,000 feet
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in elevation. Between these mesas, Plateau Creek has cut a deep
canyon, running westward, which has its confluence with the Colorado
River at elevation 4,780 feet mean sea level. The stream that would
be tapped for the project and those that would receive supplemental
irrigation water, flow down the north slope of Grand Mesa and into
Plateau Creek. Between these small streams are several broad,
gently sloping terraces that are extensively farmed.

6. Geology.—The two mesas are formed by a plain of Tertiary
Basalt. The deeply eroded hillsides reveal successive layers of Green
River and Wasatch shales and sandstones (Eocene); Mesa Verde sand-
stone, Mancos shale and Dakota sandstone (Upper Cretaceous); and
Morrison sandstone and shale (Lower Cretaceous). Granite of the
Precambrian Age underlies these formations.

7. Soils.—Soils in that part of the project area above elevation
10,000 feet are of the Helmer-Santa-Benewah series. This series is
a light brown to brown podzol developed on coniferous forest land.

8. Underwood-Babb soils are found between elevations 7,000 to
10,000 feet. This series varies greatly in color, texture, stoniness, and
depth, though it is generally shallow. On north slopes this soil grades
into the preceding type.

9. Below 7,000 feet in the project area, the McCammon-Deschutes
soil type exists. These are gray-brown to dark brown shallow soils
with considerable amounts of gravel and stones.

10. Climate.—Climatic conditions differ considerably over the
mountains with their high rainfall and low temperatures and the
lower areas with little rainfall and mild temperatures. Table 1 gives
the contrast between upper, middle, and lower project areas.

TABLE 1.-Climatic data

Area Rainfall
(inches)

Average
July

tempera-
ture

; (degree)

Average
January
tempera-

ture
(degree)

Maximum
(degree)

Minimum
(degree)

Length of
growing
season
(days)

Upper (Grand Mesa) 18 60 16  60
Middle (Collbran) 15.9 69 22 100 —36 129
Lower (Palisade) 10.3 78 25 100 —23 180

11. Hydrology.—Streams in the area are typical mountain streams
in their upper reaches. They flow through V-walled canyons with
banks well covered with brush and trees. Stream bottoms vary in
composition from silt to large gravel, with some streams flowing
through areas of boulders. Little silt is present until the streams
descend through the farming areas and irrigation return flow joins in.
Plateau Creek below Collbran has a heavy load of silt, and the stream
bottom is sandy.

12. Vegetation.—Vegetation is divided into three classifications
within the project area. Above about elevation 9,000 feet, a forest-
type vegetation is predominant, with Engelmann spruce the principal
species and an understory of box-myrtle, blueberry, shrubby cinque-
foil, and b( arberry. Between elevations of 7,000 and 9,000 feet, a
mountain-shrub type of vegetation prevails which consists largely of
aspen and Gambel oak, interspersed with willow, rose, skunkberry,
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serviceberry, and big sagebrush. Grasses include bluegrass and sheep
fescue. Below elevation 7,000 feet the vegetation gives way to a
pirion-juniper type with big sagebrush, rabbit brush, saltbrush, and
such grasses as muhly, cheat grass, and blue grama. ,

13. Engineering _features of the project.—The Collbran project would
consist of two distinct, though complementary units; one a series of
small reservoirs feeding a pipeline leading to two power plants, the
other an irrigation reservoir, and canal.

14. Pipeline and power plants.—Storage facilities for the Grand
Junction pipeline would be provided by five existing storage reservoirs
on the headwaters of Big Creek, and six existing storage reservoirs
on the headwaters of Cottonwood Creek. These reservoirs lie along
the north flank of Grand Mesa Mountain at altitudes of 9,500 to 9,900
feet, mean sea level. Pertinent data, descriptions, and proposed plans
covering existing reservoirs which would be integrated with the Grand
Junction pipeline are set forth in table 2.

15. The Grand Junction pipeline would have one branch originating
at Bonham Reservoir on Big Creek and another at Big Meadows
Reservoir on Cottonwood Creek. Water released from reservoirs on
the Big Creek drainage would be collected at the Bonham Reservoir,
and water released from the reservoirs on the Cottonwood Creek drain-
age would be collected at Big Meadows Reservoir. The branch pipe-
lines would unite into a 30 second-foot capacity line about 3 miles
above the proposed power plant No. 1 on Cottonwood Creek. This
power plant at elevation 7,700 feet mean sea level will be located
immediately above the proposed Southside canal where water from
the afterbay may (1) be diverted into the potential Southside canal
to supplement irrigation water from Vega Reservoir; (2) be added to
Cottonwood Creek flows; (3) or reenter the 20 second-foot capacity
Grand Junction pipeline, which would flank the Grand Mesa and
conduct the water to power plant No. 2 located near Cameo, at
elevation 5,000 feet mean sea level.

16. Water passing through 'power plant No. 2 would be distributed
for domestic use to Grand Valley and Grand Junction, Colo., through
an existing distribution system.

87297-51 11
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TABLE 2.—Pertinent data, descriptions, and proposed plans for Grand Junction-
pipeline storage reservoirs

Name

Existing conditions Proposed conditions

Active
storage
capac-
ity

Maxi-
mum
area

(acres)

Present description

Active
storage
capac-
ity

Maxi-
mum
area

(acres)

Proposed engineering
changes

BM CREEK SYSTEM

Bonham Reservoir 1,070 80
,

Storage reservoir on
Big Creek.

6,300

.

215 To be enlarged. Will
be main storage fa-
cility for Grand
Junction pipeline.

Silver Lake 

Forty Acre Lake 

165

330

13

26  

Natural lake with
storage above orig-
inal water surface,
do 

165

330

13 .

26

None; storage will be
utilized similar to,
present conditions.
Do.

Big Creek Reservoir No. L 550 95 Storage reservoir on 550 95 Do.
Big Creek, flows
into Bonham Res-
ervoir.

Atkinson Reservoir 1, 800 110 Storage reservoir on
tributary to Big

1,800 110 Do.

Creek.
COTTONWOOD CREEK

SYSTEM

Neversweat Lake 320 35 Natural lake with
storage above orig-
inal water surface.

320 35 Do.

Unnamed Lake 0 2.3 Small marsh near
Neersweat Lake.

0 2.3 Water from Never-
sweat Lake would
run through Un-
named Lake and
into Cottonwood
Reservoir No. 5.

Cottonwood Lake No. 5_ _

Little Meadows Reser-

320

120

42

13

Natural lake with
storage above orig-
inal water surface,

Storage reservoir OD

32)

120

42

13

None; storage will be
utilized similar to,
present conditions.
Do.

voir. tributary to Cot-
tonwood Creek.

.

Big Meadows Reservoir. 220 43 Storage reservoir im-
mediately below

220 43 Do.

Little Meadows
Reservoir.

Cottonwood Lake No. 1 115 Storage reservoir on  
tributary to Cot-
tonwood Creek.

115 Storage to be used
during dry periods
on a direct-trade
basis with replace-
ment from South-
side canal.

17. Reservoir and canals.—It is proposed to construct the Vega
Dam on Plateau Creek near the town of Collbran for the purpose of
furnishing irrigation water to replace that diverted to the Grand
Junction pipeline and to supplement present supplies. Vega Dam
would be a rolled-earth-fill type structure with a nprapped upstream
face, varying in slope from 3:1 to 5:1, and rock fill downstream face
with slope from 2%,:1 to 4:1. The dam would rise 142 feet above the
stream bed and would be 1,710 feet long, with crest elevation 7,991
feet, mean sea level. Pertinent engineering data are shown in
table 3.
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TABLE 3.—Pertinent data, Vega Reservoir
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Water at
Elevation in
feet, mean
sea level

Capacity
acre-feet Area acres Shore line,

miles

Maximum pooL 7,985 34, 500 945 7. 9
Top of live storage 7, 980 30,000 865 8. 1
Spillway crest 7,980 30,000 865 8. 1
Average annual maximum pool 7,979 29,000 850 8. 0
Average annual minimum pool 7,935 5, 500 290 4. 9
Dead storage 7,910 1,000 20 3. 5

18. The outlet would be a high-pressure valve at elevation 7,910
feet, mean sea level, located in the south end of the dam, and dis-
charges would flow into a stilling basin before entering Southside
canal, where a gate would provide for releases back into Plateau
Creek.

19. Southside canal would extend from the stilling basin of Vega
Reservoir, westward along the north slope of Grand Mesa, for a dis-
tance of 25 miles, and end at Mesa Creek about 7 miles above the-
mouth of the stream.
20. Southside canal would furnish irrigation water to about 2,300'

acres of new lands and a late-season supplemental water supply for
about 18,600 acres of land now under irrigation. The canal,, with a
capacity at its head of 225 second-feet and progressively decreasing
to a capacity of 40 second-feet at its junction with Mesa Creek, would
run along the hillside above most of the irrigated land across Leon,
Grove, Little, Big, Cottonwood, Bull, and Spring Creeks by siphons,
discharging water down the streams for supplemental irrigation.
There would be an intake from Cottonwood Creek into Southside
canal to enable the canal to pick up water from this stream.

21. The flows of Park Creek and Leon Creek would be diverted by
canal and chute into Vega Reservoir. At present these streams enter
Plateau Creek about three-quarters and one and one-half miles below
the dam site, respectively,

EFFECT OF THE PROJECT ON FISHERY VALUES

22. Preproject resources.—Fishery values within the project area
are fairly high. Rainbow trout are the most abundant species and
are present in almost all waters. Eastern brook trout and native.
trout occur in the headwater areas of both streams and lakes. Bon-
ham, Atkinson, and Big Creek No. 1 Reservoirs are accessible by
road and receive heavy utilization. The remaining reservoirs on
Big and Cottonwood Creeks are easily accessible by trail and receive'
moderately heavy utilization. Streams within the project area
receive moderate usage, except for Leon and Upper Plateau Creeks
which are heavy utilized.

23. Bonham, Atkinson, and Big Creek No. 1 Reservoirs furnish
only fair fishing generally, since they are drawn down to such an ex-
tent that some winter kill occurs about once every 3 or 4 years. Big
Meadows and Little Meadows Reservoirs are drained completely
most years and no fishery exists. Silver, Forty Acre, Neversw-eat,
Cottonwood No. 5, and Cottonwood No. 1 Lakes are all natural lakes
With a dike constructed across the outlet to store water above the
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normal lake level, and fishing in these bodies of water is usually good.
Unnamed Lake, a small marsh 3 to 5 feet deep, has no present fishery.

24. In general, the streams within the project area are not large,
and fishing is best along the upper or headwater reaches. Leon and
Big Creeks are considered good trout fishing, while the upper reaches
of Park, Cottonwood, Bull, and Mesa Creeks all support fair fishing.
The lower reaches of these same streams are heavily utilized for irri-
gation during the summer months, and fishery values are low or non-
existent. Plateau Creek is a good trout stream within the Vega
Reservoir site, poor within the canyon immediately below the Vega
Dam site but quite good again below the confluence of Leon Creek.
Below the town of Collbran, Plateau Creek has almost no fishery
value since large quantities of water are diverted for irrigation pur-
poses, and tributary Buzzard Creek contains large amounts of silt.

25. The 49% miles of streams to be affected by the project are valued
at $10,000 annually, and the 11 project reservoirs, with a minimum
surface area of about 182 acres, are valued at $6,100 annually, in-
dicating a total annual preproject fishery value of $16,100.

26. Esthetic values attached to these streams and the surrounding
area are considerable. Many hundreds of tourists visit the Grand
Mesa National Forest during the summer, and it is a popular winter
sports area.

27. Postproject resources.—The effects of the Collbran project upon
fishery resources within the project area would be many and varied.

28. In the case of reservoirs taken over by the project, the general
effect would be an improvement over preproject conditions. Average
minimum storage amounts would be significantly increased, and
period of low content would be of shorter divation than at present.
Big Meadows Reservoir, Little Meadows Reservoir, and Unnamed
Lake should produce fish under postproject conditions where no fishing
exists at present. The enlargement of Bonham Reservoir should
materially increase the fishery of that body of water. Silver Lake,
Forty Acre Lake, Cottonwood Lake No. 5 and Cottonwood Reservoir
No. 1 would be unaffected.
29 Vega Reservoir would have an average annual fluctuation of 44

feet, and would vary in size between 290 acres at average minimum
pool and 850 acres at average maximum pool. Maximum depths
would be 85 and 129 feet, respectively. The lake would flood rela-
tively flat, rich land; and the shore line would be sloping but not steep.
Conditions within the reservoir should be average for the production
-of trout, and fishing pressure should be moderate.

30. The over-all effect of the project on stream fishing in the area
would be to lower existing values. A few short reaches of streams
would be dewatered as indicated in table 4, below, but values repre-
sented in those sections are not high. The most significant stream
losses would result • from the flooding of Plateau Creek within the
reservoir site, and the reduction in flow below dams or diversion
structures on Leon, Plateau, Cottonwood, and Big Creeks.

31. Throughout the farming area and below Southside canal, all
streams would receive supplemental water throughout the irrigation
season. Maintenance of summer flows adequate to meet irrigation
demands at the lower ends of these streams should increase fishery
values. Plateau Creek below Collbran would probably not be signif-
icantly affected by this increased flow.
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32. Annual postproject fishery values of the reservoirs and streams
in the project area are estimated to be $17,900 and $6,900, respectively,
indicating an annual postproject fishery value of $24,800. Pieproject
and postproject fishery values, by sections, are summarized in table 4.

EFFECTS OF THE PROJECT ON WILDLIFE VALUES

33. Preproject resources.—The preproject values of wildlife in the
project area are discussed in the following paragraphs.
34. Big game.—Big game values in the project area are relatively

high per unit of area. Mule deer are present throughout the project
area, except on lands under cultivation, and are hunted extensively.
The annual deer-kill reports of the State of Colorado indicate that
about two buck deer are killed annually on kn.& to be flooded by Vega
Reservoir. Land which would be flooded by the enlargement of
Bonham Reservoir supports deer during the summer months, and thus
contributes to the yield in other areas.

TABLE 4.—Annual fishery values

Area
Pre-

project
value

Effect of project
Post-
project
value

Stream sections:
Plateau Creek in reservoir site $500 Covered with water 
Plateau Creek, reservoir to mouth of Leon
Creek 100 Dewatered at times 

Plateau Creek, mouth of Leon Creek to
Collbran • 3, 100 Partially dewatered $1,700

Leon Creek, diversion dam to mouth 1,900  do 1,200
Park Creek, diversion dam to mouth 100 Dewatered 
Big Creek, Bonham Reservoir to canal 1,900 Partially dewatered 600
Big Creek through farming area 500 Flow increased in summer 1,000
Cottonwood Creek, outlet of reservoir to canal
crossing.

800 Slightly dewatered 600

Cottonwood Creek through farming area Flow increased in summer 500
Bull Creek through farming area 400  do 600
Mesa Creek through farming area 700 No effect 700

Reservoirs;
• Bonham 500 Enlarged and storage increased__ _ _ 3, 000

Atkinson 500 Average minimum storage in-
creased.

2,000

Big Creek No. 1 500  do 1,300
Silver Lake 500 No effect 500
Forty Acre 700  do 700
Neversweat 500 Will be low for short period only _ 600
Unnamed Will obtain good supply of fresh

water.
500

Cottonwood No. 5 900 No effect 900
Little Meadows Average minimum pool main-

tained.
800

Big Meadows do 900
Cottonwood No. 1 2,000 No effect 2,000
Vega  ' Created by project 4, 700

Total 16, 100  24, 800
Net gain 8, 700

35. Combining the yield value for Vega Reservoir site and the range
value for the Bonham Reservoir area, an annual value of $400 is
obtained.

36. Upland game.—Upland game values are moderately high per
unit of area, but exist almost entirely on the farmlands along Plateau
Creek in the lower portion of the project area. Pheasants and
Gambel quail are the species present on these areas. Irrigated lands
on the benches adjacent to the valley do not support significant
populations of either game bird.
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37. The annual preproject value of upland game on the project.
area is estimated at $500.

38. Fur animals.—Fur animal values are moderately high within
the project area. No data on actual take of furs are available; how-
ever, beaver and mink are known to be relatively abundant along
streams within the project. Fur animals do not exist in significant
numbers around those existing' project reservoirs with fluctuating
shore lines. An annual value of $1,500 is estimated for fur animals
on the 49% miles of streams within the project area.

39. Waterfowl.—Waterfowl values within the project area are low.
Some few ducks utilize the Vega Reservoir site and the reservoirs on
Big and Cottonwood Creeks for nesting grounds, and during the
early part of the fall .wigration moderate numbers of ducks use the
various reservoirs for resting and feeding. The annual value of
project areas to waterfowl is evaluated at $100.
40. Postproject resources.--The postproject values of wildlife in the

project area are discussed in the following paragraphs.
41. Big game.—Construction of Vega Reservoir and enlargement of

Bonham Reservoir would eliminate 240 acres of big game range,
valued at $400. No other change in habitat value is expected.
42. Upland game.—The addition of late season irrigation water and

the irrigation of new land by the project would not significantly affect
the existing upland game bird population. Most of the land to be
irrigated is situated upon the benches above the valley and would not
become pheasant habitat. Only about 100 acres of the 2,300 acres
of new land to be irrigated would be located along Plateau Creek in
the lower project area where pheasants could be produced. The
yield of this new habitat would not be significant, and the postproject
value of upland game is estimated to be the same as the preproject
value, $500 annually.
43. Fur animals.—The effect of the project upon fur animal values

would be a slight loss. Reaches of streams that would be dewatered
and those to be flooded would result in total losses, while streams
partially dewatered would result in small losses. Streams throughout
the farming areas should have an increase in fur values due to the
additional water in summer which they will receive from the South side
canal. Postproject fur animal values are estimated to be $1,400
annually.
44. Waterjowl.—A small nesting area for waterfowl would be

inundated by the Vega Reservoir, and the nesting value on the
reservoir itself is expected to be poor due to fluctuating water levels.
Nesting should be fairly good on the other, project reservoirs which
would have practically no fluctuation during summer months. Condi-
tions suitable for waterfowl resting and feeding should exist on all
bodies of water. The estimated annual value to waterfowl of the
habitat to be provided in the project area amounts to about $200.
45. Summary.—Preproject and postproject wildlife values are

summarized in table 5. As indicated, the project would result in a
net annual loss to wildlife of $400.



COLLBRAN PROJECT, COLORADO

TABLE 5.—Annual wildlife values
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Type of game Preproject
value

Postproject
value

Net loss or
gain

Big game  . $400  —$400
-Upland game 500 $500  
Fur animals 1,500 1,400 —100
Waterfowl 100 200 100

Total 2, 500 2, 100 —400

MEANS OF MITIGATING LOSSES AND DERIVING MAXIMUM BENEFITS

46. Throughout the preparation of the sponsor's report for the
project, the Fish and Wildlife Service has been consulted as t6 means
of mitigating losses which would result from the project and measures
for deriving maximum benefits. The results of this cooperation are
reflected in the project plans of South side canal crossing streams by
siphons rather than diversion dams which would block upstream fish
migration. This cooperation also resulted in the development of a
plan of operation which would provide for the annual utilization of
stored waters in Silver, Forty Acre, Neversweat and Cottonwood
No. 5 lakes before draw-downs would be made in Bonham, Atkinson,
Big Creek No. 1, Little Meadows, and Big Meadows Reservoirs.
This operational plan was developed because the former lakes have
plentiful natural dead storage and winter kill of fish is not a problem,
and such an operation would tend to maintain higher water levels
during the winter in the latter reservoirs where winter kill is serious.
47. Under the present plan of operation, the flow of Leon Creek

except for a minimum flow of 5 second-feet, would.be diverted at the
Leon Creek diversion dam into Vega Reservoir. Whenever Vega
Reservoir is full, fish and wildlife would benefit more from an operation
of the Leon Creek diversion which would allow the natural flow to
continue down Leon Creek rather than be diverted into Vega Reservoir
and allowed to spill- into Plateau Creek where the additional flows
provided would not increase the fishery values.

48. The proposed Grand Junction Pipe Line would divert water
from both Big Creek and Cottonwood Creek. The former stream has
the greater fish and wildlife value. Whenever an interchange of
water is possible, the flows of Big Creek should be augmented to
increase the value of the fishery habitat.

49. Construction of fish screens or barriers at canal and pipeline
take-offs would be advantageous in assuring maximum benefits to the
project by preventing fish losses in canals and turbines. Necessary
structures would be: (a) a drop or fish barrier in the inlet canal to
Vega Reservoir which would prevent trout from getting into the inlet
canal and spawning where the eggs would be lost when diversion
water might be cut off; (b) fish screens, probably of the bar type, at
the pipeline intakes from Bonham Reservoir and from Big Meadows
Reservoir, to keep fish out of the turbines; and (c) a fish screen prob-
ably of the rotary type, at the head of the feeder inlet from Cotton-
wood Creek to the South side canal to prevent fish being lost when
flows of the South side canal would be cut off.
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SUMMARY OF VALUES

50. Construction of the Collbran project would result in a net
annual benefit to fish and wildlife of about $8,300. If the United
States Fish and Wildlife Service recommendations concerning methods
of operation and fish barriers are included in the plan of improvement,
the Collbran project would result in a net annual benefit to fish and
wildlife of $9,300. Estimates of annual values are summarized in
table 6.

TABLE 6.—Summary of annual fish and wildlife values

Preproject
values

Under sponsor's plan
Under sponsor's plan in-
cluding Fish and Wild-
life Service recommen-
dations

Postproject
values

Net gain
or loss

Postproject
values

Net gain
or loss

Fish $16,100 $24, 800 $8,700 $25,700 $9, 600Wildlife 2, 500 2, 100 —400 2, 200 —300

Total 18,600 26,900 8, 300 27, 900 9,300

CONCLUSIONS AND RECOMMENDATIONS

51. Inasmuch as this report is based on the sponsor's plans for
development of the Collbran project made prior to January 1948, the
Fish and Wildlife Service should be advised of any changes in plans
for structures or methods of operation so that a modified fish and
wildlife report can be prepared.

52. The net effect of the project will be beneficial to fish and
wildlife resources if the project is built and operated as proposed by
the sponsor. The net annual benefit is estimated to be $8,300. If
certain modifications are made in the project, as outlined in the
following recommendations, additional annual benefits of about
$1,000 will result.
53. It  is recommended that:
(a) Whenever Vega Reservoir is full, the normal flow of Leon Creek

be bypassed at the Lon Creek diversion dam to flow down Leon Creek,
rather than be diverted into Vega Reservoir and released down
Plateau Creek. No minimum flows are recommended' for Park Creek
or Plateau Creek below Vega Dam. It is felt that this water would
be more valuable flowing down Leon Creek ;to supplement the 5.0
second-foot minimum flow provided for by the sponsor.
(b) Operation of the reservoir systems draw first upon storage

contained in converted natural lakes, and then concurrently upon stor-
.age from the other. reservoirs as outlined in paragraph 46, above.
Draw-downs should be prorated among the reservoirs on the basis of
maximum storage capacity so as to leave as large a minimum pool as
possible in each reservoir.
(c) Cottonwood Creek water be traded with Big Creek water as

outlined in paragraph 48, above, until the flow of Big Creek would be
that described in table 7 on following:
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TABLE 7.—Recommended flow below Bonham Reservoir
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Month of water year

Recom-
mended flow
in second-

feet

Month of water year

Recom-
mended flow
in second-

feet

October 8.0 April 3.5
November_  3.5 May 18.0
December 3.5 June 1 20. 0
January 3.5 July 16.0
February 3. 5 August 10. 0
March 3. 5 September 10.0

1 This is recommended flow. Spills from Bonham Reservoir would add to this during June of most years.

Since Big Creek is a more valuable stream than Cottonwood Creek,
the recommendation would increase the annual benefit accruing to the
proj ect.
(d) Fish screens be constructed at the entrance to the diversion

from Cottonwood Creek into southside canal, and at the pipeline in-
takes at Bonham and Big Meadows Reservoirs.

(e) A drop or other barrier to the passage of fish be constructed a
short distance above high-water level in the chute carrying water into
Vega Reservoir.
(f) The entire project area be open to free use by the public except

such portions as may be reserved by the sponsoring agency for the
purpose of safety, efficient operation, or protection of public property.
(g) Releases from the reservoir and diversion dams be accomplished

by gradual opening and closing of gates to forestall rapid changes in
reservoir pool levels and sudden changes in outflow below the dams.
(h) In planning for full use of the reservoir areas, the sponsor make

provisions for access adequate for the needs of anglers and hunters.
(i) No part of the reservoir area be leased for the exclusive benefit

of any corporation, individual, or group of individuals for any pur-
pose which will prevent or interfere with use of that area for recrea-
tional, hunting, or sport fishing purposes by the general public.
(j) Responsibility for management of fish and wildlife resources in-

herent to the project area remains with the State of Colorado.
K. C. KARTCHNER.
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RECREATIONAL USE AND DEVELOPMENT, COLLBRAN PROJ-
ECT, COLORADO, VEGA AND BONHAM RESERVOIRS

INTRODUCTION

Authority
In accordance with departmental policies regarding interagency co-

operation` in the river basin study program, and as covered by an
agreement between region 3, National Park Service, and region 4,
Bureau of Reclamation, for the 1947 fiscal year, the National Park
Service was requested by letter of January 21, 1947, to prepare a
report on the recreational use and development of the Collbran project
for the Bureau of Reclamation. Subsequently, arrangements for the
report and pertinent data on the project were included in. a letter of
October 27, 1947, addressed to, region 3, National Park Service, from
region 4, Bureau of Reclamation. Preparation of the report, includ-
ing necessary field reconnaissance, is also in accordance with an
agreement between the two offices covering 1948 fiseal year coopera-
tion, currently being arranged.

Purpose
The purpose of this report is to appraise and analyze recreational

opportunities that will be created by the Collbran project, sponsored
by the Bureau of Reclaination. These values will be related pri-
marily to the two water-impoundment reservoirs, the Vega and
Bonham, which will be the source of water for the operation of the
project as a whole. It is also necessary for the purposes of this report
to consider recreational needs in the area which can reasonably be
served by the reservoirs, the amount of use that is likely to be made
of them, and developments deemed warranted to encourage and ac-
commodate such use. In order to assure appropriate coordination
with the edonomic phases of project development as far as possible,
the National Park Service has been requested to estimate the cost of
recreational developments which are recommended, and to appraise
broadly, in monetary terms, such factors in connection with recrea-
tional benefits which will accrue to the project as it is believed can be
reasonably expressed in such economic terms. Certain benefits, as to
public health and social welfare, while often very real, are yet con--
sidered to be intangible, primarily because of difficulties involved in
attempting to attach sound monetary evaluations to such phases of"
recreational benefits.
The Vega Reservoir was mentioned in the National Park Service

section of the report on The Colorado River issued by the Department,
of the Interior, March 1946 (Project Planning Report No. 34-8-2),
and broad preliminary estimates of development costs and annual
monetary benefits were provided. These appraisals were predicated
upon a preliminary reconnaissance made by representatives of the
National Park Service.
Further reconnaissance of the site and also that of the Bonham

Reservoir site was made on November 12, 1947, by Mr. R. D. Sias,
167
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representing the National Park Service, and Mr. Black, from the
Grand Junction area planning office, representing the Bureau of
Reclamation.
Following the field survey, representatives of the Bureau of Reclam-

ation in the Grand Junction office were interviewed regarding the
project and its proposed operation. At this time, too, there was an
opportunity to discuss matters pertaining to recreational use of the
Grand Mesa National Forest with representatives of the United
States Forest Service, notably Mr. Williams of the Forest Super-
visor's office. Valuable information regarding such use, including
estimates of annual use, was cooperatively provided by that office,
which has a direct interest in the development of the Bonham Reser-
voir that lies wholly within the Grand Mesa National Forest.

SUMMARY

Findings, conclusions, and recommendations
As a result of a field reconnaissance of the Vega and Bonham Reser-

voir sites and analysis of project data and plans of operation supplied
by the sponsor, the National Park Service finds that the Collbran
project will result in a considerable increase in recreational values.

It is found that the value of the Vega Reservoir for recreation
would be nominal and almost entirely local. It is concluded that it
would be valuable primarily for fishing and that the annual cost of the
nominal development recommended would be about equal to the value
of incidental recreational use, other than fishery values. The advan-
tage of this reservoir would consist in earlier use in the spring and
somewhat later use in the fall, than is likely to be the case for the
Bonham Reservoir at a considerably higher elevation.

It is found that the Bonham Reservoir, enlarged and operated as
presently planned by the sponsor, would be greatly improved for
recreation, especially if adequately developed, operated, and main-
tained to accommodate and encourage the potential increase in
recreational use. In the absence of additional developments, it is
believed that only nominal increased use with commensurate increases
in economic values would accrue to the reservoir.

It is estimated that without developments, the increase in value
would be some $3,000 annually, and that with adequate developments
the increase in value could be $15,600, not including fishery values
appraised by the Fish and Wildlife Service and allowing for annual
costs of $11,900.

It is believed that the Bonham Reservoir would be chiefly significant
as part of the Grand Mesa area which is widely recognized for its high
recreational value. It is not believed that the appeal of the area, as a
whole, will be greatly enhanced by improvements to the Bonham
Reservoir. However, it is believed that considerable, if intangible,
benefits to the Grand Mesa area can occur as a result of desirable
dispersion of recreational use which will, in the long run, reduce
undesirable tendencies for overconcentration of development.
The responsibility of the United States Forest Service in connection•

with recreational development and use of the Bonham Reservoir is
recognized, the National _Park Service enjoys full confidence in the
ability of that Service to adequately appraise the disadvantages of
developments at the Bonham Reservoir which would be in competi-
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tion with existing developments on the Grand Mesa, and the ad-
vantages of dispersing National Forest Service use in the larger
interest.

It is found that no National Park Service area or State park will be
affected by the Collbran project.
It is believed that archeological sites of value are unlikely to occur

at elevations involved in the Collbran project. The National Park
Service has not yet determined to what extent areas of historic
interest or importance may occur.

It is recommended that:
1. Clearing for both reservoirs, but especially for the Bonham

Reservoir, be done in such a manner as to assure public safety by
removal of stumps and other underwater hazards and to retain the
natural aspect of shore line as far as possible.

2. Only nominal recreational facilities directly associated with
reservoir use be considered for the Vega Reservoir.

3. Developments be considered for the Bonham Reservoir that are
commensurate with its importance in the general Grand Mesa area
as administered by the United States Forest Service.

GENERAL DESCRIPTION OF THE AREA

Location
The Collbran project is located in easterly Mesa County in the

Plateau Creek Valley which separates the Grand Mesa (to the south)
and Battlement Mesa (on the north). The latter is interposed
between the Plateau Creek Valley and the main Colorado River.
The general location is west-central Colorado, on the westerly ap-
proaches to the Rocky Mountains.
Glenwood Springs, about 95 miles by road, and Grand Junction,

some 44 miles by road (from the small town of Collbran), are the most
important towns in this part of the State.
The general area is accessible from United States Highways 6 and

24 at the confluence of Plateau Creek and the Colorado River (about
20 miles east of Grand Junction) via State Highways 65 and 330.
From Collbran, a minor State road (339) and a mountain road offer
access to the Bonham Reservoir about 12 miles from Collbran. This
road continues across the Grand Mesa National Forest joining State
65 on the Mesa at the Grand Mesa lakes area. The mountain road
from Collbran follows reasonable grades, but is treacherous during
and following precipitation. Improvement and adequate maintenance
will be required to assure all-weather use of the road. State 65
across the Mesa is improved, and there are plans for surfacing much if
not all of it, which will make the 'general Grand Mesa area accessible
from Delta to the south, which town is on U S 50 (important east-
west highway between Pueblo and Grand Junction), and is also
served by U S 550 leading north from Durango through Montrose.
The Vega Reservoir site is about 10 miles up the Plateau Creek

valley from Collbran. After leaving State Highway 330, 6 miles or
so above Collbran, the basin is reached over a country road similar
to the one passing the Bonham site. While grades are less, the road
needs similar improvement and maintenance for satisfactory all-
weather use.
The Vega site is on the main Plateau Creek stream, the Bonham

being on a tributary leading from the northern slopes of the Grand
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Mesa—the so-called Big Creek fork. The upper watershed for the
whole project lies within the Grand Mesa National Forest.
Purpose of the project and reservoirs
Data provided by the sponsor (October 27, 1947) indicate that the

Collbran project would serve multiple purposes. It is stated that "it
is designed to supply supplemental irrigation water to 20,650 acres of
land in the Plateau Valley; to provide water for domestic use by
Grand Junction City and surrounding area; and to generate hydro-
electric power." The generation of power would not occur at the
reservoir dams, but would be "made possible by utilizing the- excess
head of a pipeline to be constructed for the diversion of domestic
water from Plateau Valley to a point near Palisade." Two generating
stations would be established at different points on this pipeline.
Water now used in the valley for irrigation which will be thus diverted
will be replaced by storage allocations in the Vega Reservoir.
The Vega Reservoir, located in the Plateau Creek meadows, would

have a total capacity of 30,000 acre-feet (at surface elevation 7,980),
of which 1,000 acre-feet would be dead storage for silt control and the
protection of fish life, and 29,000 acre-feet would be active storage for
irrigation, domestic, and power water use. The usable 29,000 acre-
foot storage would be allocated 15,500 acre-feet for irrigation, and
13,500 for power and domestic use.
The reservoir would be filled by storing the winter and spring flows.

of Plateau Creek, supplemented by diversions from nearby Leon and
Park Creeks.
In reservoir operation, it is planned to release irrigation -Water

during the summer period, July through September, but power-
domestic water would be used only in part (9,000 acre-feet) for yearly
operation, leaving a reserve of 4,500 acre-feet as insurance for meeting
power requirements during drought years, such as occurred in 1934.
Thus, during years of normal runoff, the minimum pool occurring
generally in the late fall and winter months would be not less than
5,500 acre-feet, forming a 280-acre reservoir.

Analysis of the table of contents of the Vega Reservoir prepared by
the sponsor by months for the period of study, 1933-45, shows that
only during the months of September 1934, April 1935, and in October
1935 would recourse to this reserve have reduced the storage below
5,500 acre-feet, and that only in October 1934 would the minimum
1,000 acre-feet capacity have been reached with an 86-acre surface
at approximate elevation 7,910. The average minimum for the study
period, occurring in October, would have been 10,700 acre-feet with
approximately 430 acres of surface at elevation 7,950 (or a little less).
Correspondingly, the average maximum, occurring in June, would
have been 26,200 acre-feet, representing about 525-acre lake at eleva-
tion 7,976. This indicates an average annual recreational use-season
fluctuation of afound 26 feet, against a potential over-all fluctuation
between maximum and minimum pools of about 70 feet.
The schedule of planned, total content of the Vega Reservoir by

months, during the period of study, 1933-45, is given in table I. The
area capacity table showing the relation between surface elevation,
surface acreage, and acre-foot capacity is provided in table II.
The above project development is to be supplemented by enlarge-

ment and development of the small existing Bonham Reservoir on the-
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Big Creek fork of Plateau Creek, located near the upper reaches of
the Grand Mesa within the Grand Mesa National Forest. The
present reservoir, privately developed for irrigation storage, will be
enlarged from 1,070 acre-feet to 6,300 acre-feet. Additional storage
will be provided near the headwaters of nearby Cottonwood Creek.
Irrigation water formerly provided by these drainages will be replaced
by irrigation allocation in the Vega Reservoir.

•

TABLE I.-Planned total content of Vega Reservoir by months during the period of
study, 1933-45

[Total reservoir capacity: 30,000 acre-feet. Unit: 1,000 acre-feet]

Year Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.

1933 15. 6 16. 1 16.6 17. 1 18.0 18. 7 25. 2 30.0 25. 6 19. 7 12.4 8. 5
1934 9.0 9.4 9.8 10.5 11.4 15.6 17.3 9.3 7.8 6.4 4.9 1.0
1935 1. 5 2. 1 2. 7 3. 2 3.8 3.8 7. 5 23.3 20. 9 14. 7 8. 7 4.8
1936 5. 6 6. 3 7. 1 7. 7 8. 5 13. 5 27. 9 23. 7 13.0 10. 7 9. 2 5. 3
1937 5. 9 6. 4 6. 9 7. 3 7.8 8. 8 24. 9 29. 9 23. 7 18. 2 12. 3 8.4
1938 9.3 10. 1 10.8 11. 5 12. 5 16.9 30.0 30.0 30.0 26.2 21.8 17.8
1939 18.9 19,9 20.8 21. 7 23.0 25. 7 30.0 25.9 15.8 11.6 10. 1 6. 2
1940 6. 7 7. 1 7. 5 8.0 8.8 11.9 24.4 17. 9 10.8 9.3 7.8 3.9
1941 4.7 5. 5 6. 3 7.0 7.8 7.8 28. 1 30.0 28. 1 24.4 20.9 16. 9
1942 18.8 20.2 21. 4 22.4 23. 5 27. 6 30.0 30.0 28.4 25.6 21. 3 17.3
1943 18.0 18. 5 19.0 19. 6 20.9 25.8 30.0 30.0 21.9 20. 1 15. 3 11.3
1944 12.6 13.4 14.0 14. 6 15.4 15.2 28.8 30.0 30.0 27.3 22.6 18.6
1445 19. 5 20. 4 21. 1 21. 7 22. 5 22. 6 30. 0 30. 0 29. 4 26. 5 23. 2 19. 2

Average  11.2 12.0 12.6 13. 3 14. 1 16. 5 25. 7 26.2 22.0 18.5 14. 7 10. 7

TABLE II.- Vega Reservoir area-capacity table

Elevation in feet above
sea level

Area in
acres

Accumu-
lated

capacity
in acre-feet

Elevation in feet above
sea level

Area in
acres

Accumu-
lated

capacity
in acre-feet

7,850 0 0 7,935 281.9 5,402. 8
7,855 .35 .9 7,940 337.9 6, 952. 3
7,860 .40 2.8 7,945 387.7 8, 766.3
7,865 1.00 6.3 7,950 438.3 10, 831. 3
7,870 1.90 13. 5 7,955 492.9 13, 159.3
7,875 
7,880 
7,885 

3.95
6. 50
11. 75

28. 1
54.3
99.9

7,960
7,965
7,970

555. 7
623. 1
718.0

15, 780.8
18, 727.8
22,080. 5

7,890 16. 60 170. 8 7,975 783. 7 25,834. 6
7,895 25.00 274.8 7,980 862.2 29, 950. 9
7,900 
7,905 
7,910 
7,915 

37. 25
50.8
85. 7
116. 5

430.4
650.6
991.8

1, 497. 3

7,985
7,990
7,995
8,000

942. 0
1, 012. 3
1, 070. 0
1, 124. 1

34,462. 9
39,348. 6
44, 554. 4
50,039. 6

7,920 
7,925 

152.4
191.6

2, 169. 6
3, 029. 6 Total 1, 124. 1 50,039. 6

7,930 237. 9 4, 103.3

Water stored in the BonhaIn Reservoir would be reserved for use
during winter months for power and domestic use. Filled during
spring months, the reservoir would be held at capacity during the
summer until early winter. The full capacity of the reservoir would
only be used in years of extreme drought, such as 1934, according to
the sponsor. On this basis, in, average water-years, the reservoir
would not be drawn below 3,465 acre-feet, being 55 percent of total
capacity and forming a 160-acre lake at elevation 9,817. Even in
extreme years, it appears a minimum winter pool of 1,070 acre-feet,
with 80 surface acres at elevation 9,797, will be maintained. It is
believed that this will represent a marked improvement over the

87297-51----12
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existing situation, involving such nearly complete exhaustion that
fish are eliminated on an average of 1 year out of 3 according to local
reports.
The significance of the plan of operation is clearly illustrated in

table III, furnished by the sponsor, which gives the planned total
content of Bonham Reservoir by months during the period of study,
1921-44. From this schedule it is at once apparent that minimum
pools occur during winter and early spring months of February,. March,
and April, and that maximum pools occur consistently during June,
July, August, and September. The fluctuation between these pools
would normally be 15 feet-none of which would, however, occur in
the summer recreation-use period, during which season it is proposed
to maintain the pool at full capacity. For recreational use, the plan
of operation represents a favorable situation which is rarely possible
with water impoundment projects.

TABLE M.-Planned total content of Bonham Reservoir by months during the period
of study 1921-44 •

[Total reservoir capacity. 6,300 acre-feet. Unit: 1,000 acre-feet]

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Year 1921 6. 1 5.8 5.3 4. 8 4. 2 3. 6 3. 5 6.3 6.3 6.3 6. 3 6.3
Year 1922 6. 3 6.0 5. 7 5.3 4.8 4.3 4.2 6.3 6.3 6.3 6. 2 6.0
Year 1923 5. 9 5. 4 4. 9 4. 4 3. 8 3. 3 3. 2 6. 0 6. 3 6. 3 6. 3 6. 3
Year 1924 6.3 6.0 5. 6 5. 1 4. 6 4. 1 4.0 6.3 6.3 6.3 6.0 5.9
Year 1925 5. 7 5. 3 4. 8 4..3 3. 8 3. 3 3. 7 6. 2 6.3 6. 3 6. 3 6. 3
Year 1926 6. 3 6. 2 5. 8 5. 4 4. 8 4. 4 4. 9 6. 3 6. 3 6.3 6. 3 6. 1
Year 1927 6. 1 5. 7 5. 3 4.8 4. 2 3. 7 3. 8 6.3 6.3 6.3 6.3 6.3
Year 1928 6. 3 6. 1 5. 8 5. 3 4.8 4. 3 4. 5 8.3 6.3 6. 3 6.3 6. 3
Year 1929 6. 3 6. 3 6. 1 5. 7 5. 2 4. 8 5. 6 6. 3 6. 3 6. 3 6. 3 6. 3
Year 1930 6. 3 6. 3 6. 0 5. 6 5. 1 4. 6 5. 2 6. 3 6. 3 6.3 6. 3 6. 3
Year 1931 6. 3 6. 1 5. 7 5. 2 4. 7 4. 2 4. 0 6. 3 6. 3 6. 2 6. 0 5. 9
Year 1932 5.8 5. 4 4. 9 4. 4 3. 8 3. 4 3. 6 6. 3 6. 3 6. 3 6. 3 6. 2
Year 1933 6. 1 5. 7 5. 2 4. 7 4. 1 3. 6 3. 4 5. 4 6.3 6.3

,
6.3 6. 2

Year 1934 6. 1 5. 6 5. 2 4. 7 4. 1 3.6 3. 7 4. 9 4. 7 4. 3 3.9 3. 6
Year 1935 3.3 2.7 2.1 1.6 .9 .4 .1 1.4 4.0 4.5 4.5 4.3
Year 1936 4. 0 3. 5 3. 0 2. 5 1. 9 1.4 1. 5 4. 4 5.6 5. 7 5. 7 5. 5
Year 1937 5. 2 4. 7 4. 1 3. 5 2.8 2.3 1.8 5.0 6.3 6. 3 6.2 6. 1
Year 1938 5. 9 5. 4 4. 8 4. 3 3. 7 3. 2 3. 5 6. 3 6. 3 6. 3 6.3 6. 3
Year 1939 6. 2 5. 9 5. 3 4. 8 4. 2 3. 7 3. 7 6.3 6. 3 6. 2 6. 0 5. 8
Year 1940 5. 6 5.0 4. 4 3. 8 3. 3 2. 7 2. 6 5. 3 5. 8 5. 6 5. 4 5. 3
Year 1941 5. 2 4. 7 4. 2 3. 7 3. 1 2. 6 2. 2 5. 9 6. 3 6. 3 6. 3 6. 3
Year 1942 6. 3 6. 1 5. 7 5. 2 4. 7 4. 2 4. 4 6. 3 6. 3 6. 3 6. 3 6. 1
Year 1943 5. 9 5. 4 4. 8 4. 2 3. 6 3. 1 3. 2 5. 3 6. 3 6. 3 6. 3 6. 2
Year 1944 6. 1 5. 6 5. 1 4. 5 3. 9 3. 4 3. 0 5. 8 6. 3 6. 3 6. 3 6. 0

Average  5. 8 5. 5 5. 0 4. 5 3. 9 3. 4 3. 5 5. 7 6. 1 6. 1 6. 0 5. 9

Physical characteristics
Plateau Creek traverses a deep valley between Grand Mesa and

Battlement Mesa, both of which are included in the Grand Mesa
National Forest. The bordering mesas run above 10,000 feet in
elevation, while the elevation at the confluence of Plateau Creek
and the Colorado is around 4,800. In the section of the valley around
Collbran, the bottom valley is flanked by broad, gentle mesas or ter-
races elevated appreciably above the river. These terraces, as well
as some bottom land, are extensively farmed. Above these terraces,
the great massive of Grand Mesa rises abruptly.
The flanking mesas are remains of tertiary basalt, underlain with

shales and various sandstones in successive layers which are discern-
ible at elevations which have been exposed by erosion. The Grand
Mesa has been described as "the world's largest flat-topped moun-
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tain"—ari isolated fragment of the Roan Plateau north of the Colo-
rado River. The glaciated, lake-dotted surface is 900 square miles
in extent.
• Vegetation varies consistently with elevations involved. At higher
levels are extensive forests, consisting mostly of Engelman spruce,
often combined with quaking aspen. It is this type of cover which
occurs notably around the Bonham Reservoir site. Undergrowth
shrubbery includes box myrtle, bearberry, blueberry, and similar
species generally associated with such forest covers at this elevation.
At lower elevations, ranging down to about 7,000 feet, shrubby vege-
tation is predominant, with bluegrass and fescue among other herba-
ceous covering. Shrubby growth includes big sagebrush, rose, willow,
etc. It is this type of vegetation which prevails around the Vega
Reservoir site, especially on the north side which is bordered by com-
paratively low rolling hills to form the meadowlike reservoir basin
which lies between them and the abrupt slopes of the northern edge
of Grand Mesa on the south side. Some groves of aspens occur in
the small valleys of these hills, which are quite bleak in appearance
compared to the impressive, much steeper slopes on the south side,
which are partially covered with the lower forest zone of spruce with
extensive areas given over to aspen.
The scenery is interesting, but by no means spectacular for Colo-

rado. The low rolling hills on the north side and the steep mesa
slopes on the south side of the Vega site have been mentioned. The
general aspect of the topography is gently rolling with little suggestion
of the rugged, rocky tors, crags, and peaks which occur elsewhere in
the Rockies.
The scenery around the Bonham site is more consistent, being gener-

ally framed by the slightly higher, rolling, domelike formations that
occur on the Grand Mesa itself. The area is delightfully forested,
an effect pleasantly relieved by forest glades and openings in which
occur individual-trees and small boskets.
Fed by clear mountain streams which arise on the Grand Mesa, the

water in. both reservoirs should be clear and sparkling and singularly
free from silt or minerals in solution.

Climate
The climate varies consistently with differences in elevation. Aver-

age rainfall on the Grand Mesa is reported to be 18 inches annually,
while in the valley near Collbran it is given as 15.9 inches. At the
Vega site, rainfall is probably somewhere between these amounts.
The climatic variation is likewise notable in the different length of
seasons, with an average frost-free period of 129 days and a growing
season of 156 days around Collbran, and with a growing season of only
60 days on the Grand Mesa. At Collbran, temperatures range from
1000 maximum• to 36° below zero. The average summer (July)
temperature is 60° on the mesa and 69° at Collbran, January averages
being 16° and 22°, respectively.

Generally, summer days are bright and warm, but rarely if ever
oppressively so at these altitudes, and nights are comparatively cool
and refreshing.

Historical and archeological investigations
National Park Service archeologists are of the opinion that it is

extremely unlikely that archeological sites of importance occur in this
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part of Colorado at elevations involved in the Collbran project. The
possibility that minor historic interests may occur has not yet been
investigated.
Present recreational evaluation

According to a report prepared by the United States Fish and Wild-
life Service, N ovember 1946, the fishery values within the project
area are moderate per mile of stream, and Collbran was indicated as
the lower end of trout water on Plateau Creek. Fishing pressure on
these streams is considered moderate because of opportunities offered
by the Grand Mesa lakes.
Aside from limited fishing value, it does not appear that the broad

fertile farm valley, which is the site of the proposed Vega Reservoir,
has much if any appeal for other recreational uses.
The small existing Bonham Reservoir presents a very different

picture. In the above Fish and Wildlife Service report, it is noted that
this reservoir, which is drawn down annually to as little as 11 acres,
has a present fishery value of $530. However, this reservoir is on the
Grand Mesa itself rather than being related to it, as in the case of the
Vega Reservoir. On this basis, it is a part of a justly renowned recre-
ational area which includes many small natural lakes, some of which
are noteworthy for fishing. In some cases these lakes are reported to
have been increased in capacity by artificial barriers which involve
unnatural summer fluctuations. However, it is reported that some of
these lakes on the northern slopes will be stabilized during the summer
and larger minimum pools maintained for secondary holding basins
operated in connection with the Collbran project. The Fish and
Wildlife Service indicates such operation will improve fishery values.
Very few of these lakes will be accessible by more than trails.
The United States Forest Service broadly estimates that 5,000 man-

days a year involve the Bonham Reservoir for recreational activities,
but this is only a small part of the estimated use of the Grand Mesa
area which is believed to exceed 90,000 man-days annually, including
travel through the area as well as active recreational use.
Some provision has been made by the United States Forest Service

to accommodate recreational use of the Bonham Reservoir. This
consists mainly in a public campground. There are also several private
cabins on leased sites. Forest Service representatives, reported that
these cabins were, in their opinion, generally substandard, inade-
quately maintained, and that they were interested in eliminating this
type of land utilization in favor of larger public interests, at least in
the Bonham Reservoir area.
Types of recreation for which reservoirs are suited
Both reservoirs should have appeal for fishing. One advantage

vested in the Vega Reservoir in this respect will be somewhat earlier
accessibility in the spring and later use in the fall due to its lower
elevation, and what should be easier access at such times, provided
seasonal road maintenance is adequate.
Some boating, limited very largely if not entirely to fishing, would

be feasible and probably desired on both reservoirs. Boats would be
small, provided at most with outboard motors, if any.

Limited picnicking, mostly relating to fishing, could be desirable at
the Vega site, and, conceivably, some camping although Grand Mesa
appeal for this important phase of recreation is so far superior to
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opportunities which are likely to be found around the Vega Reservoir
that it is unlikely to assume much importance.
The Vega Reservoir could be used for swimming, but the elevation

is such that this type of recreation, too, is unlikely to exert a great
deal of appeal.
The Bonham Reservoir, if operated according to present plans,

should exert appeal not only for fishing but to a high degree for
picnicking, camping, hiking, horseback riding, and other forms of
recreation associated with high, cool, well-forested mountain country
graced with scattered ponds, lakes, and meadows. There are also
considerable winter sport activities on related areas of the Grand
Mesa.

FACTORS INFLUENCING RECREATIONAL DEVELOPMENT

The region which could be served by recreational features of the
Collbran project (primarily those associated with the Bonham Reser-
voir) would comprise essentially that generally associated with the
over-all Grand Mesa area, of which it would form a part. This area
of influence is definitely regional in scope, the Grand Mesa being
nationally noted for its high recreational value in Colorado, a State
similarly noted.
The area which could be influenced by the Vega Reservoir unit of

the project will almost certainly be very local by comparison.
The population of Mesa County was given as 33,800 in the 1940

census, and that of Delta County, which includes important sections
of Grand Mesa, was 16,470; the combined population of these two
counties being 50,000. Community developments naturally occur in
the more accessible valleys in this rugged country. The population
of Grand Junction was 12,500 in 1940, and it is highly probable that
well over half the population of the country is concentrated in this
fertile section of the Colorado River.

There is no indication that this population is insensible to existing
nearby recreational values—indeed, quite the contrary. Undoubtedly,
this population contributes heavily to daytime use of the Grand Mesa
country and, to Some extent, to more extensive use. However, the
very heavy use of this fine area, which approaches if it does not
surpass 100,000 man-days a year, can only result from very extensive
visitation by people from more distant parts of the State and from
other States as well. It is significant that this use is largely concen-
trated in the southwest portion of the Grand Mesa National Forest.
The chief economic resources of this section of the State appear to

be livestock, agriculture, including irrigated fruit orchards and small
crops, and forestry. Income derived from the extensive tourist and
recreation trade also contributes significantly to economic stability.
The Vega Reservoir, except for early and late season use, will be

definitely in competition. with the general Grand Mesa area. This is
a relation which emphasizes the impression that it will be purely local
in its limited recreational value. The value of this reservoir for fishing
has been appraised by the Fish and Wildlife Service in their report at
$4,700.
The Bonham Reservoir will not, on the other hand, be in compe-

tition with the Grand Mesa area; it will, in fact be part of it. Its
chief significance in this respect will be the opportunity to enlarge
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existing recreational opportunities on Grand Mesa and to reduce
increasing tendencies of overuse; a matter about which United States
Forest Service representatives expressed some concern.
It seems unlikely, except in circumstances of very unusual recrea-

tional development, that the Bonham Reservoir could of itself appre-
ciably increase the already great recreational appeal exercised by the
Grand Mesa area. In other words, while use of the Bonham area
should considerably increase, predicated on the sponsor's plan of
operation and appropriate developments, it is believed unlikely that
use of the Grand Mesa as a whole will be appreciably affected thereby.

It would be the general area then, rather than the Bonham Reser-
voir itself, which could be affected by the development of major
reservoirs being considered near Grand Junction, such as the one on
the Gunnison at or near Whitewater, and possibly on the Colorado
itself (the Dewey site) in eastern Utah, and extending somewhat into
Colorado. It is believed, however, that, if developed, such reservoirs
would be so entirely different in character and so much lower in alti-
tude they would complement rather than compete with the Grand
Mesa area as a whole. To the extent competition was involved, it
could, in the long run, be beneficial by tending to reduce dangers of
overdevelopment and overuse which could be highly detrimental to
the Grand Mesa.
In considering factors influencing recreational development, it is

interesting to note that a recreational survey report on the Colorado
River Basin (shortly to be published) states as follows: "Of all por-
tions of the Colorado River Basin, the Grand and San Juan divisions
have the least need for artificial lakes. However, with the great
number of tourists attracted to the region, additional water bodies
that do not interfere with or eliminate existing recreational resources
should be of considerable benefit."

ESTIMATE OF RECREATIONAL NEED AND USE

The extensive use now made of the Grand Mesa area for day use,
week end, vacation, and tourist use as well as for organized group and
other camping and summer home sites is irrefufable evidence of
recreational needs and use which can be and are being provided for in
this fine area. When United States Forest Service representatives
were interviewed regarding this use, estimates for 1047 visitors were
not available. However, the records for 1946 were enlightening, and
included the following:

Man-days
Camp use (forest) 21,000
Picnic use 12,000
Organized group areas  3,500
Hotels and resorts  . 5,500
Winter sports 1,200
Summer home guests 

Total 

4, 100

47,300
It was estimated that approximately an equal number of people

traveled through the area, representing a total of over 90,000 man-
days of recreational use of the Grand Mesa area. The 1946 travel
year was a very heavy one for National Park Service areas (all cate-
gories). But travel to these areas in 1947 shows an increase of 17
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percent while for recreational areas, such as Lake Mead, Lake Texoma,
etc., the increase was 23 percent. It seems logical to assume a com-
parable increase for travel to and through the Grand Mesa. Even
on the basis of the more conservative percentage, this would represent
a use of this area exceeding 100,000 man-days.

Recreational use of Grand Mesa is accommodated by both public
and private developments, including Forest Service camp and picnic
grounds and lodge developments with overnight cabins in private
lands (and possibly some on forest land, under permit from the Forest
Service). There are also private cabins on leased Forest Service sites,
and camping facilities include provision for group or organized
camping.
The most important of these developments are reported to occur

in relation .to State Highway 65 at or near the junction with the
mountain road from Collbran via the Bonham Reservoir which is 7
or 8 miles by road from this section of the national forest,.

RECOMMENDED RECREATIONAL DEVELOPMENT

Vega Reservoir
In view of the appraised local significance of the Vega Reservoir, it,

is believed that only nominal facilities directly associated with recrea-
tional use of the reservoir should be considered. These would include
arrangements for launching and landing small boats, and related picnic
area. Only a slight modification of the usual picnic area could adopt
it, in part at least, to such limited camping as may occasionally be
desired. Suitable pit toilets, properly maintained, should be adequate
to meet the needs of anticipated use.

If feasible economically, it would be desirable to make provision
for potable water.
The most attractive sites for such a development appear to be on the

south side of the reservoir, which the sponsor has advised it will be
necessary to serve with a road in any event, for access to existing farms
or ranches. It would be preferable, if possible, to select a site related
to this road to minimize road construction. In this case, under other-
wise favorable conditions, only a minor spur road should be required,
supplemented with necessary parking areas, boat trailer turn-around,
etc.
Bonham Reservoir
There are interesting possibilities for recreational developments

which could accommodate and encourage public recreational use of the
Bonham Reservoir. This reservoir may prove to be a comparatively
popular unit on the Grand Mesa. Developments will require con-
sideration of existing developments on Grand Mesa and a careful
analysis of elements of both competition with such developments
and desirable distribution of use that would, in the long run, benefit
the Grand Mesa area as a whole by reducing tendencies for over-
concentration of use and development in some places and under-
development in other places of equal, sometimes superior, recreational
value.
The trend of recreational use on Grand Mesa appears to be such that

it is believed that eventually consideration of the advantages of
dispersion of use will justify considerable development at the Bonham
Reservoir.
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On this basis, but not necessarily in the immediate future, it is
recommended that the following developments be considered for this
reservoir:

Picnic and camping areas planned for suitable expansion with
proved need.

Boat launching arrangements.
Pier.
Lodge with overnight accommodations, including overnight
and housekeeping cabins and boat rental facilities. This
would be a concession development.

One organized or group camp.
Employees' residences.'
Utility area."
Utilities: Potable water; sewage disposal; power distribution (if
and when available).

Access roads and parking areas.
Except as especially suitable sites for development occur on the

west side of the *reservoir or ultimate pressure of use encourages
developments there, access to areas in the east side, which is paralleled
by the main access road, should not involve much difficulty or cost,
either of construction or maintenance.

Trail systems which may serve this reservoir area would be in the
national forest, and, to the extent developed, would probably be
directly involved in normal national forest operations or developed,
in part at least, in connection with the general recreational program
for Grand Mesa as promulgated by the United States Forest Service.

LAND ACQUISITION

The Bonham Reservoir is entirely surrounded by national forest.
It does not appear that the situation here is complicated by private
"inholdings." The allocation of lands around the reservoir for recrea-
tional (and other) uses will be made by the United States Forest Service.
It is appropriate to assume that such allocations will be wisely made
and based on adequate land utilization studies conducted by that
agency in connection with uses relating to both the reservoir and the
national forest.
The Vega Reservoir site is all privately owned according to the

sponsor, and will have to be acquired. It is quite possible that the
nominal developments recommended for this reservoir can be satis-
factorily accommodated on land acquired for project development and.
operation. Only at such time as a suitable site for recreational devel-
opment can be determined on the ground and tentative severance lines
established will it be possible to comment constructively on desirable
boundaries that would satisfactorily meet the requirements indicated.
It is recommended, however, that the sponsor accord careful consid-
eration to these matters in severance line studies, so far as compatible
with regulations and policies governing reservoir land acquisitions.

1 These items would be contingent upon the needs of the administrative agency. If, as seems probable
(see below), this is the U. S. Forest Service, it is possible that National Forest Service operation and
administration facilities on Grand Mesa would make these unnecessary at the Bonham Reservoir, in
whole or in part.
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ESTIMATED COST OF DEVELOPMENT

179

The following cost estimates, prepared in the absence of either gen-
eral or detailed plans, must be accepted as broad in scope and subject
to later revision as more complete information regarding sites and
details of facilities, based on further study and planning, become avail-
able. It is, however, believed that the costs indicated, predicated on
1947 indices, are sufficient to permit development of facilities com-
mensurate with estimated needs as indicated in this report.
Vega Reservoir
It is estimated that developments for the Vega Reservoir should be

provided for a cost of $14,400, which, amortized at 3 percent over a
30-year period, would represent an annual cost (in round figures) of
$700. Allowing $400 for operation and maintenance, the total annual
cost for this reservoir would be $1,100.

It is broadly estimated that $4,500 should be allowed for replace-
ments during the amortization period indicated.

Initial development costs have been estimated higher than was
indicated in the National Park Service section of the 1946 Colorado
River Report (previously referred to) because of higher prevailing costs
of construction and because it is now believed to be essential to make
some allowance for road work, which may be required, and suitable
provision for plans, surveys, and supervision of construction.
The nominal allowance for annual maintenance is predicated upon

recommended administration of the area, as discussed later in this
report.
Bonham Reservoir

It is estimated that the development costs for the Bonham Reservoir
would be $176,000, half of which would be repayable through rents and.
concessioner charges in the event concessional facilities are Govern-
ment provided. Amortized at 3 percent over a 30-year period, the
annual cost would be $8,400.

Predicated on the recommended (and probable) administration,
operation, and maintenance of the area by the United States Forest
Service, it is broadly estimated that annual operation and maintenance
costs would be $3,500, making total annual .costs $11,900.

It is broadly estimated that $35,000 should be allowed for replace-
ments occasioned by wear and/or obsolescence during the amortization
period.
As in the case of such development items as the custodian's residence

and utility area, an effort has been made in estimating operation and
maintenance costs to recognize the existing well-organized administra-
tion of the National Forest, including personnel and equipment. Obvi-
ously, the United States Forest Service, already broadly experienced
in such national forest use, is in a stronger position to estimate more
accurately what additional provision, if any, would be required to
satisfactorily operate and maintain the Bonham Reservoir as one unit
in an. extensive forest area with its attending recreational uses, or a
reasonable allocation of present personnel and equipment to assure
satisfactory results.
An analysis of estimated costs is provided in the appendix of this

report.
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ESTIMATED MONEtARY BENEFITS

Vega Reservoir
It is broadly estimated that incidental recreational use of this res-

ervoir, aside from fishing, will result in economic values of $1,100 for
recreational and related benefits.

Bonham Reservoir
It is estimated that general recreational and related values deriving

from use of this reservoir would be $32,500 annually,, exclusive of
fishing values.
On the estimated man-day use basis, and recognizing the present

absence of overnight accommodations with attending per diem bene-
fits, it is believed that this represents a gain of some $27,500 over
preproject recreational values. The net annual value would be
$20,600 for this reservoir (when allowance is made for $11,900 annual
costs) involving a gain of $15,600 over preproject values.

It must be emphasized that such benefits are predicated upon the
full development and utilization of the recreational resources inherent
in this reservoir in it relation to the Grand Mesa area.

Without developments and facilities to accommodate the estimated
increased use, it is believed that any increase in present use would be
material, but far less than with the development indicated. t is
very roughly estimated that without such developments, increased use
could be valued at possibly $3,000 over a preproject evaluation,
especially since per diem benefits would be negligible in the absence of
suitable overnight accommodations.
As previously noted, it is unlikely that this reservoir would mate-

rially increase the already great appeal of the Grand Mesa. From this
point of view, the above benefits would not be net benefits to the
general area. Benefits accruing to Grand Mesa, through desirable
dispersion of use, could be very great in the long run, but such over-all
benefits are believed to be too intangible to justify an attempt to
express them in monetary terms.
An analysis of benefits is included in the appendix of this report.

Development costs, annual values, and benefits are summarized in
table IV.

. RECOMMENDED AGENCY FOR ADMINISTRATION, OPERATION, AND

MAINTENANCE

Vega Reservoir
The Vega Reservoir could be, at most, a matter of county recrea-

tional interest. In view of the size of the county, total population
and its distribution, and the wealth of recreational opportunities
naturally occurring in the region, it is doubtful if the county authori-
ties could be much interested in assuming responsibilities in connection
with the administration, operation, and maintenance of recreational
facilities at the reservoir. As noted in the report, only nominal
developments are considered justified for this reservoir, and they are
not of an order which could justify elaborate administration arrange-
ments.
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TABLE IV.—Summary of costs and values
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Area

•Non-

Development
cost

Totalannua 
cost
Al
cost

Annual

mainte- nance
and op-
eration

Total
annual
cost

Annual
value'

Net
annual
value

repay Repay

Vega Reservoir 
Bonham Reservoir 
Collbran project 

$13, 300  
83,000
96, 300

$83,000
83,000

$13, 300
166,000
179,300

$700
8,400
9, 100

$400
3,500
3,900

$1, 100
11,900
13,000

$1, 100  
32,500
33, 600

$20,600
20, 600

I Exclusive of fishery values.

ESTIMATED REPLACEMENT COSTS DURING AMORTIZATION PERIOD
Vega  $3, 400
Bonham  33, 000

Bonham Reservoir:
With development:

Preproject value  $5, 000
Net postproject value  20, 600

Net benefit  15, 600
Without development:

Postproject value  8, 000
Net benefit  3, 000

Annual costs and values for the Vega Reservoir should practically balance with
'recreational facilities. Without added facilities, it is believed that incidental
recreational use of the reservoir (in addition to values appraised by the Fish and
Wildlife Service) would be too negligible to justify expression in monetary terms.

It is recommended that the county be encouraged to participate to
•the extent of incidental maintenance of the very limited road which
is likely to be necessary for access.
It is believed that it should be feasible for project operation per-

sonnel assigned to the reservoir to exercise satisfactory supervision of
such maintenance as would be required, which could be done by part-
time labor employed for the purpose. It is possible (and it would be
desirable) if such labor could be secured in the neighborhood, or Coll-
bran, and provision made to include such privately owned equipment
(as pickup or truck) as the circumstances warrant. It should be
possible to arrange such service on a use-season contract basis.
Bonham Reservoir .
The administration, operation, and maintenance of this fine area

should present no problem. The area lies entirely within the Grand
Mesa National Forest. These responsibilities fall naturally into the
sphere of operations of the United States Forest Service, which is
extensively experienced in such matters. When interviewed, repre-
sentatives of that Service expressed very definite interest in the
preparation of a land utilization plan for the Bonham Reservoir area,
for all suitable uses including recreation. This is held to be an alto-
gether appropriate approach to the problem. The National Park
Service entertains great confidence in the ability of the United States
Forest Service to make appropriate and well-cbnsidered allocations of
land use with' due regard to the Grand Mesa area as a whole, with
which that Service is thoroughly familiar, and to properly balance
disadvantages of possible competition with existing developments
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with advantages of dispersing usage in the major interest of the whole
area.
Further study and planning

Further study will be required to determine the area best suited to
the limited developments recommended for the Vega Reservoir, and,
ultimately even the nominal facilities which may prove warranted will
require surveys and detailed planning commensurate with their
importance.
As noted above, a land utilization plan for the Bonham Reservoir

will require a considerable measure of study on the part of the United
States Forest Service based on their intimate knowledge of the Grand
Mesa and on experience and data which greatly transcend those which
are presently available to the National Park Service.

Additional studies of these reservoirs will entail due consideration
of any changes in plans of operation advanced by the sponsoring
agency.
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NATIONAL PARK SERVICE APPENDIX
Estimated cost of recreational developments, Vega Reservoir

Cost Annual
cost

Roads and parking areas $6, 000  
Launching ramp 1,000
Boat landing 1,200  
Picnic-camp area 1,000  
Pit toilets (2) 600  
Potable water (if feasible) 700  

Subtotal 10, 500  
Contingencies, 10 percent 1,050  

Subtotal 11,550  
Plans, surveys, supervision of construction, 15 percent 1, 732  

Total development cost 13,282  
Cost ($13,300) amortized 30 years at 3 percent ($678) $700
Annual maintenance:

Part-time labor and materials 400
Total annual cost 1, 100

Replacement costs
In the absence of both structural plans and reliable data on future

cost trends, it is broadly estimated that $3,400 should be allowed for
replacements due to wear and tear and also obsolescence during the
indicated amortization period.

Estimated cost of recreational developments, Bonham Reservoir

Cost Annual
cost

A. Nonrepayment items:
Roads, access and parking areas $8, 000  
Boat-launching ramp 1,500  
Pier 2, 500  
Picnic area 3,000  
Camping area 3,000  
Organized camp 8,000  
Utilities, water, sewerage system, power 20, 000  
Public toilets (2) 9,000  
Pit toilets • 1,800  
Utility area 3, 500  
- Subtotal 60, 300  
Contingencies, 10 percent 6, 030  

Subtotal 66,330  
Plans, surveys, supervision of construction, 25 percent 16, 582  

Total nonrepayment development cost 82,912  
Cost (rounded $83,000) amortized 30 years at 3 percent ($4,233) $4,200

B. Repayment items:
Lodge and appurtenances 60,000  
Custodian's residence 8, 500  

Subtotal 68,500  
Contingencies, 10 percent 6, 850  

Subtotal 75,350  
Plans, surveys, supervision of construction, 10 percent  7, 535  
Total repayment cost 82,885  

Cost (rounded $83,000) amortized 30 years at 3 percent  4, 200
(These items, to the extent constructed with Federal funds, would be
repaid through rent, concessioner charges, etc.)

C. Administration, operation, and maintenance:
Salary, ranger-manager (part time) 1,800  
Salary, labor (part time) 1,200  
Equipment (prorated) 300  
Materials, supplies, etc 200  

Total annual operation and maintenance 3, 500 3, 500

Total annual costs 11,900

18§
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D. Replacement costs
In the absence of both structural plans and reliable data on future

cost trends, it is broadly estimated that $33,000 should be allowed for
replacements due to wear and tear and also obsolescence during the
indicated amortization period.

ESTIMATED BENEFITS OF VEGA RESERVOIR

Predicated on the appraised local importance of the Vega Reser-
voir, it is estimated that its chief value for recreation would be for
fishing. The United States Fish and Wildlife Service has indicated a
postproject fishery value of $4,700 for this reservoir. The National
Park Service believes that only a very nominal allowance should be
made for incidental recreational use of the reservoir aside from fishing,
and would assign an additional $1,100 as representing a reasonable
monetary evaluation of incidental use with attending recreational and
related benefits.

Bonham Reservoir
Estimated 10,000 visitors:

Local use  2, 000
Tourist and other uses  8, 000

Travel value: 1 2,000X 110 at 1% cents per mile $3,300
Tourist and related travel: 2 8,000X 20 at 1% cents per mile 2. 400

Total travel value $5,700
Per diem value: 3 2,000X3 at $3.50 per day 21,000
Recreational value:

10,000 visitors at 25 cents $2,500
2,000 visitors 2 extra days at 25 cents 1,000

,Total recreational value 3,500
General value:

20 percent of $5,700 travel value $1,140
20 percent of $21,000 per diem value 4,200

Total general value 5,340

Total general recreational and related values 35,540
Less postproject fishery value —3,060

Net value (rounded, $32,500) 32,480
I Local zone estimated average round. trip: 110 miles.
2 Estimated mileage allocable to use of reservoir: 20 miles.
3 It is estimated that 20 percent of the visitors will spend an average of 3 days in the area.

The Fish and Wildlife Service has attached a postproject fishery
value of $3,060 to this reservoir. Since these values are obviously
directly involved in general recreational and related values, full
allowance must be made for them to avoid confusing duplication of
evaluations appraised by the two Services. On this basis, the net
National Park Service appraisal of recreational and related values for
the Bonham Reservoir is $32,500.
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