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MISSOURI RIVER BASIN

LETTER FROM THE BUREAU OF TEE BUDGET

Execurive OFFICE OF THE PRESIDENT,
Bureavu oF THE BupgerT,

Washington, D. C., May 4, 1944.

The Honorable the SEcRETARY OF THE INTERIOR.

My Dear M. SEcrETaRY: 1have your letter of May 1 transmitting
a copy of the report entitled “Conservation, Control, and Use of
Water Resources of the Missouri River Basin.”

I am not now able to advise you, because of the need for further
consideration of certain recommendations of the proposed report, as to
the relation to the program of the President of the various recommen-
dations therein.

Since I am advised, however, that the congressional committees
having jurisdiction of pending legislation, to which these recom-
mendations relate, are contemplating early consideration of such legis-
lation, I am writing to say that this office would, of course, have no
objection to your making the report immediat.efy available for the
consideration of these committees. In doing so, the committee should
be informed, I think, that you have not received from this office
advice as to the relation of the report recommendations to the program

of the President.

Very truly yours,
Harorp D. SmirH, Director.

LETTER FROM THE DEPARTMENT OF THE INTERIOR

DEPARTMENT OF THE INTERIOR,
Washington, May 1, 1944.
The PrEsIDENT,
The White House. _
(Through the Bureau of the Budget.)

My Dear MRg. PresipeENT: There is transmitted herewith my report.
on the Missouri River Basin, which is the letter of April 28, 1944, of
the Commissioner of Reclamation ahd its attachments, which I
approve.

The report contemplates utilization of the waters of the Missouri
River beneficially for multiple purposes in the stabilization of the
agriculture and economy of this vast basin which includes the Northern
Great Plains, where drought periodically deals devastation. The
maximum degree of stabilization can be obtained only through full
utilization of the waters of this river system.
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2 MISSOURI RIVER BASIN

The construction proposed in this report would be complementary,
for the most part, to that recently suggested by the Secretary of War
for flood control on the Missouri River. The two plans, while not
identical, apparently can be successfully coordinated. )

The initial stage proposed in this report would involve expenditures
estimated et $200,000,000, The economic and human gains that can
be expected will amply justify this step. The plan has engineering
feasibility. Water users, rural and urban, would be expected to
repay, in sccordance with their ability and the benefits extended to
them, parts of the costs, and I find that they probably can meet the
charges indicated. Power users would be expected to repay additional
parts of the costs. It reasonably can be expected that these returns
to the United States Treasury will be effected. Flood control and
navigation allocations would be non-reimbursable. Substantial and
material benefits would accrue through recreational use of the waters
and facilities proposed; through their use in fish and wildlife con-
servation; through pollution abatement, silt ¢control, and the recharge
of lakes and ground waters. These are not assessable in monetary
terms, and no repayments are contemplated from them. o

I find desirable and feasible the development of the Missouri River
Basin in accordance with this report on the Conservation, Control,
and Use of the Water Resources of the Missouri River Basin, and 1
recommend authorization for construction after the war of the initial
stage in accordance with the report and as contemplated in Section 9
of the Reclamation Project Act of 1939.

Sincerely yours,
Haroup L. ICKES,

Secretary of the Interior.

;o

LETTER FROM THE BUREAU OF RECLAMATION

DEPARTMENT OF THE INTERIOR,
Bureavu oF RECLAMATION,

, Washington, April 28, 1944.

The SECRETARY OF THE INTERIOR,

Sir: In accordance with section 9 of the act of August 4, 1939 (53
Stat. 1187, 43 U. S. C. 485), I transmit this report on Conservation,
Control, and Use of the Water Kesources of the Missouri River Basin.

I recommend it to you for your approval and for submission to the
Congress, after submission to the Bureau of the Budget in accordance
with section 4 of Executive Order 9384, and to the President in con-
formity with the 1939 act.

The reclamation plan proposes a total of 90 reservoirs with a com-
bined capacity of 45,700,000 acre feet, most of the reservoirs on
tributaries of the Missouri for use in irrigation, flood control, and
power development, but two-thirds of the reservoir capacity on the
main stream for use in flood control, aid to navigation, power develop-
ment, and irrigation. _

When fully developed, the plan would provide water for the irriga-
tion of 4,760,400 acres of dry land, and supplemental water for 538,000
acres of land now irrnigated but not assured adequate water in years
of low run-off. Seventeen power plants, in the completed power
system, would supply seasonal power for pumping water for irrigation,
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and nearly four billion kilowatt-hours of firm power, annually, for
domestic, commercial, and industrial uses.

The nrigation of numerous areas scattered widely over the Northern
Great Plains and over other semiarid sections of the Missouri River
Basin would add to an unavoidably precarious dry-farm and grazin
economy the stabilizing influence of lands with insured crops an
high yields.

The droughts of the last decade cost governmental agencies,
principally Federal, a total of $1,246,557,087, and these expenditures
were inadequate to the needs, since tens of thousands of families
nevertheless were forced to migrate from their abandoned homes.
These expenditures are roughly equal to the cost qf full utilization of
the waters of the Missouri River system. While 1t is not contended
that full use of these waters will eliminate drought losses, it will re-
duce the catastrophic effects and prevent much of the human suffering.

I have submitted the report to the agencies of the Department of the
Interior which have interests in the waters of the Missouri River Basin
and have their approval or their comment, which is attached. I have
submitted the report to the Interagency River Basin Committee, in
accordance with the quadripartite agreement of December 29, 1943.
I have the comment of the Corps of Engineers, which is also attached.

The Assistant Commussioner of the Office of Indian Affairs, on
April 26, 1944, said with regard to the recommendations made in the
report dated April 14, 1944 of the Board of Review, that the Office of
Indian Affairs should construct, operate and maintain irrigation
features including dams that predominantly serve Indian lands. I
concur in the opinion, and I am sure that the members of the Board
of Review will regret their oversight in this connection. The report
should recognize the authority and responsibility of the Office of
Indian Affairs in the matter of irrigating Indian lands.

The Chief of Engineers; War Department, in his letter of April 25,
1944 observed that the Reclamation plan included tributary reservoirs
that would fit the plan presented by the Corps of Engineers in House
Document 475, Seventy-eighth Congress, second session, and com-
mented that modifications made in the proposals for the Yellowstone,
Big Horn, Kansas, Smoky Hill, and Republican River Basins could
be coordinated in advance of construction by further cooperation by
the Corps of Engineers and the Burcau of Reclamation. With regard
to the main stem of the Missouri River, however, the Chief of En-
gineers noted that the reclamation plan contemplated 10,250,000
acre-feet less storage than had been proposed by the Corps, and con-
cluded that a high dam at the Garrison site, which was not included
in the reclamation plan, and & dam at Gavins Point, which was omitted
from the reclamation plan, are necessary. The main stem dams, the
Chief of Engineers said, should be built, operated, and maintained by
the corps, and the tributary dams should be built, operated, and
maintained by the agency with the dominant interest. ¥lood control
storage should be utilized in sccordance with regulations prescribed
by the Secretary of War, and irrigation storage 1n accordance with
regulations of the Secretary of the Interior, he proposed. The Chief
ofgi?‘ngineers noted that irrigation of the Souris area, as proposed in the
Reclamation plan, would require diversion of waters from the Mis-
souri River, and he advised further study of this undertaking pending
fulfillment of existing and foreseeable needs within the Basin. He
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gllllestiqned the computations in the reclamation report of benefits and
ocations.

I agree with the Chief of Engineers that details can be worked out
satisfactorily through cooperation as the projects are constructed on
the tributary streams. I agree that the agency with the dominant
interest should construct the dams and other works in the Basin,
and I agree-that the main stem storage dams should be constructed
by the corps, owing to their close relationship with flood control and
navigation. The Reclamation plan provides a storage capacity in
main stemn reservoirs of 24,950,000 acre-feet, which is 10,250,000 acre-
feet less than that proposed by the Corps, but when considéred together
with more than 10,000,000 acre-feet of storage provided upstream,
this amount is believed to be sufficient to provide full flood protectijor
apd ample storage for regulation for navigation. However, if con-
tinuing studies by the Corps and the Bureau of Reclamation should
indicate the need of additional storage in the main stem after the high
dam at Oahe is built, then there is and should be ample opportunity
to provide the additional storage needed. The Oahe Dam, as pro-
posed, would provide a reservoir of a capacity of 19,600,000 acre-feet
as against the Garrison Dam proposed by the Corps which would
provide a reservoir of only 17,000,000 acre-feet. In any event, one
of these would constitute the initial flood-control facility. It would
appear that the Oahe Dam would be more desirable from the flood-
control standpoint, as it is also from the irrigation point of view.

The regional report of April 1944 is covered by the reg)ort of April
14 of the Board of Review. I approve the ﬁndinﬁ, the comment,
and the recommendations made in the report of the Board of Review.

I find that the proposed development of the Missouri River Basin is
needed, as conclusively shown in the report. The plan has engineer-
ing feasibility. The ultimate cost is estimated at $1,257,645,700, and
the annual benefits of the oon;{)leted development would be 2.57 times
the apnual costs. The annual benefits would be as follows:

Irrigation_____ .. ___._. $130, 000, 000 | Navigation__________._. $4, 165, 000
Power_ __ ___ . ____.____ 17, 141, 000 | Municipal water_ . ... 500, 000
Flood control .. ________ 16, 5040, 600

Irrigation would be expected to repay in 40 annual payments
$298,000,000. Power revenues in 50 years would repay $423,100,000,
and municipal water users would repay $20,000,000.

The initial construction proposed would require $200,000,000 and
would be dominantly for irrigation and power. It includes none of
the features that would be constructed by the Corps of Engineers in
the development of the basin, but it would complement the flood-
control construction proposed by the Corps.

I recommend that the construction, repayment, operation, and
maintenance of the works proposed be in accordance with this report.
I recommend the approval and authorization of the initial stage for
construction after the war substantially in accordance with this report,
but with such modifications by the Secretary of the Interior and tne
Coergmissioner of Reclamation as may be required to meet developing
needs.

Respectfully,
H. W. Basuorg, Commassioner.
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LETTER FROM THE OFFICE OF INDIAN AFFAIRS

DEPARTMENT OF THE INTERIOR,
OFFICE OF INDIAN AFFAIRs,
Washington, D. C., April 26, 1944.
Mr. Hagrry W. BasHoreg,
Commissioner, Bureau of Reclamation.

Dear CoMMissioNER Basnore: I have examined the confidential
copy of the Missouri River report you transmitted on April 20, 1944.
This report, in my judgment, is an excellent presentation of the
Missouri River Basin problem. I find myself in full agreement with
your Bureau’s recommendations concerning the priorities of irrigation,
domestic and industriel use of the regulated flow of the Missouri
River and its tributaries, especially in the upper part of the basin,
and I hope that these priorities will be given congressional sanction.

Insofar as the Indian irrigation and power interests are concerned,
the report scems to give them adequate consideration. However, T
cannot agree with the recommendation of the Board of Review that
“all works that may be authorized under the approved plan be con-
structed, operated, and maintained by the Bureau of Reclamation
under the divection of the Secretary of the Interior wherever the
dominant function of such works is other than navigation and flood
control.” This recommendation on page g of the report, is baged on
the discussion of the proposed division of operational authority in
numbered paragraph 7, on page b. This paragraph proposes that, in
effect, construction and operation of the features of the plan be
divided between the Bureau of Reclamation and the Corps of Engineers
on the basis of the dominant function of each feature, features in
which navigation and flood control are the dominant functions to go
to the Corps, all other features to be operated by the Bureau of Recla-
mation. l:ﬁ,xe report in paragraph 7, adds: ‘In like manner, agencies
with junisdiction over other functions should be recognized.” JInas-
much as the Office of Indian Affairs 18 exercising on Indian lands
functions identical with those exercised by the Bureau of Reclama-
tion on non-Indian lands, the language of the rcport seems to exclude
the Indian Service from any participation in the planning, design,
construction and operation of irrigation and power projects on Indian
lands. I assume that this omission was unintentional and propose
that it be corrected by changing the language of paragraph 7, page b,
as follows: In line 9, after the words *‘All irrigation features' insert
“ex¢ept those on Indian lands or predominantly serving Indian lands
which shall be constructed and operated by the Office of Indian
Affairs.” Similarly in line 12, at the end of the sentence reading
“All reservoirs in which irrigation, restoration of surface and ground
waters, or power, are dominant, should be operated by the Bureau
of Reclamation’” the following words should be added “except reser-
voirs on Indian lands or predominantly serving Indian lands which
shall be operated by the Office of Indian Affairs.”

Indian Service lands and irrigation projects are scattered throughout
the Missouri River Basin. l\iany of the features proposed by the
plan are in part or in whole based on Indian lands, affect Indian water
rights and existing Indian irrigation projects. In order to make pos-
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sible & reasonable degree of Indian Service participation in the plan-
ning, construction, and operation of those irrigation and power fea-
tures vitally affecting Indian interests, I propose that language be
added to paau'a.gm.tgllicll (b) of the recommendations, on the bottom of
page g, to make this recommendation read as follows:

(b} That all works that may be authorized under the approved plan be con-
siructed, o ted, and inaintained by the Bureau of Reclamation under the
direction of the Secretary of the Interior wherever the dominant function of such
works in other than navigation and flood conirol, except that the Office of Indian
Affairs shall construct and operate those works on Indian lands or serving Indian
lands predominantly. oo

I request that these modifications in the language of the report be
made before the report is submitted to tl.e Congress.

The modifications in the I age are deemed necessary in order to
protect the Indian interests under the Winters decision and the terms
of the Leavitt Act. They bring the recommendsations into line with
the Departmental policy as laid down in the Secretary’s report on
Senate Joint Resolution 55, by Wheeler, to transfer all Indian irriga-
tion functions {o the Reclamation Bureau, & proposal vigorously
epposed by the Department and your Bureau.

Sincerely yours,
WILLIAM ZIMMERMAN, JT.,

Assistant Commassioner.

LETTER FROM THE CHIEF OF ENGIh‘TEERS, WAR DEPARTMENT

WarR DePARTMENT,
Orrice or TBE CHIEF oF ENGINEERS,
Washington, April 256, 1944.
Mr. H. W, BasHORE,
Commassioner, Bureau of Reclamation,
Department of the Interior, Washington, D. C.

My Drar Mr. BasHORE: Receipt is acknowledged of your letter
of April 20, 1944, transmitting copies of your report on the Missouri
River Basin and requesting comment thereon by April 25, in order
that thie report may be submitted to the Bureau of the Budget on the
scheduled date of May 1, 1944,

The general comprehensive plan of this Department for flood con-
trol and other purposes as contained in House Document No. 75,
Seventy-eighth Congress, contemplated that that plan would be
be augmented by appropriate projects of other agencies duly consti-
tuted by law to perlI())rm such work. 1t ap?ea.rs that the upstream
tributary reservoirs proposed in the report of the Bureau will fit into
the expanded comprehensive plan for flood control and other purposes,
provided main stem storage is not substantially reduced.

1 note that your plan substitutes the Mission Dam for the Living-
ston project included in House Document 475 and greatly reduces
the size of the Boysen Dam. Further studies by the I{ureau of
Reclamation and the Corps of Engineers preparatory to construction
can definitely establish the developments for the Yellowstone and
Big Horn Basins.

imilarly the plan in your report for the Kansas River Basin, -
cluding the Republican and Smoky Hill Rivers, differs in some details
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from the War Departinent’s plan as reported in House Document
475. In this river basin the fundamentals of the two plans are similar
and I believe that the details can be worked out satisfactorily through
cooperation as the projects are constructed.

~ With regard to the main stem dams in North and South Dakota,
it is noted that the Bureau’s report contemplates 10,250,000 acre-feet
less storage than proposed in House Document 475. Since reservoirs
on the main stem are the most beneficial from the standpoint of flood
control below Sioux City and are vitally needed for cyclic storage, I
consider that the maximum practicable amount of storage must be
provided on the main stem in North and South Dakota. In this
connection the plan outlined in House Document 475 makes possible
the inclusion of a high dam at Oahe if found feasible from an cngineer-
g and economic standpoint. In any event a high dam at the
Garrison site is essential, and a reregulating reservoir at Gavins
Point is necessary.

Although I am not convinced that storage in reservoirs far upstream
on the headwater tributaries would have appreciable effects on flood
stages along the main river below Sioux City and on the Mississippi
River, I agree that those projects would be of great benefit to agricul-
ture, to the prevention of local flood damages downstream from the
dam sites and to the solution of silting problems.

It is noted that your plan includes the irrigation of approximately
1,000,000 acres in the Souris project outside of the Missouri River
Basin. The best over-all use of the multiple-purpose reservoirs in the
Missouri River Basin would permit a diversion of water out of the
basin into the Dakotas, urgently needed for domestic use and for other
purposes, after sufficient water has been conserved and stored to pro-
vide for such diversion. However, until the existing and foreseeable
needs for the conservation and use of water within the Missouri River
Basin have been satisfied there is a question in my mind as to the
advisability of developing a large-scale irrigation project outside the
Missouri I{iver Basin which would deprive the basin of a part of its
natural water supply. In my opinion the advisability of such a large
diversion should be the subject of further study and consideration.

The time available has not permitted a thorough study of the
allocation of costs and benefits as contained In your report. I can
state, however, that in view of the information contajned in your
report that the projects proposed will provide a dependable low water
flow at Sioux City of something less than now exists, I do not under-
stand the equity of charging to navigation a large part of the cost of
the development. Also I question your method of computing flood-
control benefits. It is noted that by the methods used the costs
allocated to flood control and navigation under the heading “Repay-
ment and returns’’ are very large compared to costs allocated to irriga-
tion, whereas irrigation benefits are represented as several times the
combined benefits to flood control and navigation.

It is essential that the main stem reservoirs in North and South
Dakota be built, operated, and maintained by the Corps of Engineers
as stated in my report and in your letter of December 17, 1943, both
printed in House Document 475. Tributary reservoirs should, when
advisable from the standpoint of basin-wide development, be con-
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structed, operated, and maintained by the agency with dominant
interest under existing law. In all reservoirs, utilization. of storage for
flood control should be in accordance with regulations prescribed by
the Secretary of War and utilization of storage for ation should be
'Iulll accordance with regulations prescribed by the Secretary of the
terior. : :

As stated before, my report contained in House Document No. 475
contemplates that the broad framework for the Missouri Basin as rec-
ommended in that document will be augmented by a.p;aropnate work
of other agencies duly constituted by law to perform such work. lam
sure that through the continued cooperative efforts of all concerned
the details of the improvements can be worked out in a progressive
manner as conditions warrant. I appreciate the opportunity to com-
ment on the Bureau’s report and 1 look forward with confidence to
the development of the comprehensive and flexible plan for the Mis-
souri Basin through the coordinated and cooperative efforts of Federal,
State, and local agencies to accomplish the best over-all use of its water
resoui'c‘e}",s. ,

ery truly yours,
i E. RevsoLp,
“ .. Major General,
Chaef of Engineers.

LETTER FROM THE DEPARTMENT OF AGRICULTURE

DEPARTMENT OF AGRICULTURE,
Washington, April 25, 1944.
Mr. H. W. BAsHORE,
Commissioner, Bureauw of Reclamation,
Department of the Interior, Washington, D. C.

Dear Mg. Basaore: We received from Maj. Gen. E. Reybold,
Chief of Engineers, War Department, on April 22, 2 copy, mearked
“confidential,”” of the Missouri River Basin report of the Bureau of
Reclamation with the telephone request that we transmit our com-
ments on it to you by April 25 in order that you might submit the
report to the Bureau of the Budget by May 1, 1944.

The responsibilities of this Department do not, of course, embrace
the design of construction of major engineering works for irrigation,
flood control, power, and other purposes, but we are very much inter-
ested in land and water development and use of concern to agriculture
and rural people. The benefits from soundly conceived irrigation,
power, flood control, navigation, wildlife, recreation, and othexr mul-
tiple-purpose developments op the Missouri and its tributaries will
accrue in considerabie measure to farm people and rural interests sad
will have a direct bearing on the use made of the natural resources of
the area. In particular, the potentialities of providing irrigation
where economically feasible to farming areas of low or uncertain rain-
fall are large and important in the Northern Great Plains.

The short time available has permitted only a very general review of
the report. We are glad fo see that many of the projects propesed in
the report appear to be essentially in harmony with those that have
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been proposed by the Corps of Engineers, War Départmnent. We are
not in position to judge the relative engineering jmerits of such pro-
posals as are not reconciled but believe that thsough continued co-
operative consideration by the agencies concerned a mutually accept-
able means can be found {o meet the broad objectives of both reports.
Various programs of the Department will be of material assistance in
the achievement of the agricultural objectives in the coordinated plan
for basin-wide development. e shall be glad to cooperate to the full
extent our resources permit.
Sincerely,
E. H. Wiecking,
Land Use Coordinator.

LETTER FROM THE FISH AND WILDLIFE SERVICE

DEPARTMENT OF THE INTERIOR,
F'isH AND WILDLIFE SERVICE,
Chicago, Ill., May 6, 1944.
Mr. H. W, BasHORE,
Commissioner, Bureau of Reclamation,
Washington, D. C.

My DEAR M=z. Basuorg: Reference is made to your letter of
May 2 asking for any comment we may have to offer in regard to your
report, ‘“Conservation, control, and use of water resources of the
Missouri River Basin.” :

I regret to say that this report was not received in our Chicago office
early enough for us to review it carefully before your deadline on
May 1. As yet we have had opportunity to make only a casual ex-
amination of the report, but we feel that in the main it is a good report
and considers well the interests of the various agencies.

Thus far, there is only one statement to which exception might be
taken, and that perhaps would depend upon interpretation of your
statement. I refer to a statement in the report of the Board of Re-
view. Wae heartily subscribe to the first part of paragraph 5, page b;
but we feel that the sentence—*‘To the extent that the uses of water
are competitive, the use of water for domestic, agricultural, and indus-
trial purposes should have preference.””—might be open to question.
Considering the area as a whole, this statement is probably correct;
but we could not subscribe to the thought that any particular plot
or block of agricultural land, regardless of how submarginal it might
be, should have prior use of water over an important muskrat marsh
or other wildlife project. Likewise, every industrial use might pot
have so much value from the national standpoint as the wildlife
benefits.

As a whole, the report seems to be well prepared and gives fair con-
sideration to diverse interests.

Sincerely yours,
ArBerT M. Day,

Acting Drrector.

T6T458 O—4a7-- -2
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BOARD OF REVIEW'S REPORT TO THE COMMISSIONER

Unrrep StaTES DEPARTMENT OF THE INTERIOR,
BurEeAaU oF REcLaMATION,
Denver 2, Colorado, April 14, 19/4.
From Board of Review. , ' :
To Commissioner. .
Subject: Report on Conservation, Control, and Use of Water Re-
sources of the Missouri River Basin,

1. Pursuant to instructions in your letter of February 2, 1944, the
undersigned convened as a special board of review in Denver, Colo.,
April 10 to 13, 1944, to consider the report of April 1944 on the Con-
servation, Control, and Use of Water Resources of the Missouri River
Basin, prepared by the Bureau of Reclamation staff of region 6,
assisted by consultants, and representatives of other Government
agencies. The results of our review of the report are respectfully
submitted herein.

2. The water of the Missouri River system is a primary national
resource which, up to the present time, has been inadequately con-
trolled and developed. The two major problems of the basin are
the control of devastating floods along the lower river and the stabili-
zation of agriculture in the Dakotas and in eastern Montana.

3. The river and its basin long have been studied by Federal, State,
and other agencies, but until recently the studies have not been co-
ordinated or sufficiently broad to comprehend and outline & unified
plan for the conservation and beneficial uses of water so as to realize
the greatest procurable economic returns and human benefits for the
entire region. In our opinion, the report presents a plan which, if
carried out, would adequately meet these objectives. It is a com-
prehensive plan for the highest beneficial use of the waters of the basin.
It provides for flood control, navigation, irrigation, power develop-
ment, domestic and industrial water supplies, silt control, recreational
use of waters, conservation of fish an Wildi.ife, and pollution abate-
ment, and will assist in the restoration and maintenance of ground-
water levels and inland lakes.

4. The report is the result of long and intensive engineeriny,
scientific, and economic study. The plan is technically and cco-
nomically sound. It is not proposed or expected that the program as
a whole should be undertaken immediately or at one time, but it should
progress by starting with the parts that are urgently needed and con-
tinue as rapidly as funds become available and economic conditions
demand. The greatest benefits will be attained through coordination
of the advice and work of all interested Federal, State, and local
agencies,

5. To the extent that the several functions of water control and
utilization are conflicting, preference should be given to those which
make the greatest contribution to the well-being of the people and to
the areas of greatest need. To thé extent that the uses of water are
competitive, the use of water for domestic, agricultural, and industrial
Eprposes should have preference. The plan would meet these objcc-

ives,

6. In determining the justification for this development and the
subdivisional features thereof, the report recognizes and the Biourd
confirms the. principle that a project or a broad development is just:-
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fied if the total value of all the benefits to ibe derived from it exceeds
the total cost, whether or not sll costs can be recovered from the direct
beneficiaries. The report summarizes the benefits of the basin-wide
project, and finds that they exceed the estimated costs in the ratio of
2.57 to 1. The Board concurs in this finding.

7. The agency with primary interest in the dominent function of
any feature proposed in the plan.should construct and operate that
feature, giving full recognition, in the design, construction, and opera-
tion, to the needs of other agencies with minor interests. All reservoirs
where flood control and navigation are dominant should be operated
by the Corps of Engineers, and where the flood control and navigation
functions are minor, the reservoirs should be operated in accordance
with regulations of the Corps so far as flood control and navigation are
concerned. All irrigation features should be operated by the Bureau of
Reclamation or its agents. All reservoirs in which irrigation, restora-
tion of surface and ground waters, or power, is dominant, should be
operated by the Bureau of Reclamation. Where these functions are
minor, the reservoirs should be operated under regulations of the
Bureau of Reclamation so far as such functions are concerned. In
like manner, agencies with jurisdiction over other functions should be
recognized. The Bureau of Reclamation should construct and operate
all power-transmission facilities, and should have the responsibility for
the disposal of all power generated.

IRRIGATION

8. Land-use adjustments needed to stabilize the agriculture of the
basin and mitigate the effects of future droughts can best be promoted
by progressive development of the irrigation potentialities of the area.
In addition, hundreds of thousands of new residents of the area can be
provided opportunities to establish homes and to earn for themselves
an adequate level of living. Many projects will be bf prime impor-
tance in any program for the rehabilitation or settlement of returnin
servicemen and dislocated war workers.  Irrigation water users shoul
pay for the service rendered them an amount commensurate with the
benefits they receive, and their payments should be based on ability

arnings of the irrigated land. Many of the project

areas will be served with water by pumping. The power used in
pumping will be provided _from the seasounal output of mstallations
proposed m the report. The power should be paid for as an mtegra
part of operation and maintenance charges, and the resulting opera-
tion and maintenance charges should be equalized throughout the

area by integrating them with repayment charges and the total to the
ability of the land served to produce returns for the farmer.

POWER

9. The average unit costs of power and energy for the power
developments described in the report will be such as to accomplish
the repayment of the construction costs of power development within

a reasonable period of years and, in addition,
ontributi venues Lo assist in the repayment of other

project features as well as providing low-cost power for irrigation
pumping purposes.
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10. The market studies indicate the ability of the basin and con-
tiguous areas to absorb in & relatively few years the power to be
developed. The large number of comperatively high-cost fuel-burning
generating plants now operating in the area offer exceptional possibili-
ties for sale of a large quantity of hydroelectric power as fast as it can
be developed. This situation exists because of the immediate oppor-
tunity to eliminate high fuel and other %enera.ting costs by energy
replacement in some cases, and by complete retirement of obsolete
plants in others. Growth of load will soon absorb the balance of the
output.

11. The low-cost power to be developed should be given the widest
possible distribution for the benefit of the whole region. This could
be accomplished best by clothing the Bureau of Reclamation with
the responsibility for its distribution and sale. Preference in sales
should be given to public bodies and cooperatives.

FLOOD CONTROL

12. The main-stream reservoirs in South Dakota, together with the
reservoirs on the tributaries in eastern Kansas and in Missouri and
the levee system, will provide the protection needed by the fertile
bottom lands and the important cities along the Missouri River below
Yankton. They will also aid in the control of Mississippi River
floods below St. Louis. The reclamation plan supplements such
flood control by the addition of a number of multiple-purpose reser-
voirs on tributaries of the Smoky Hill River and on the headwaters
of the Republican River.

13. On the headwaters of the Missouri River, and its western
tributaries in the Dakotas, and on the headwaters of the Platte River,
the reclamation plan provides necessary flood control in the areas
most seriously menaced, in the main, through the operation of multi-
ple-purpose resetvoirs.

NAVIGATION

14. Navigation possibilities are limited to the Missouri River up
to Sioux City. While the traffic on this stream has never been impres-
sive even below Kansas City, the Missouri River carries potentialities
as an important waterway in the future as Kansas City, Omaha,
Sioux City, and their tributary areas continue to grow. The utiliza-
tion of the stream as a waterway should be planned, and such planning
should be adapted to the flows to be expected with justified upstream
development. The storage facilities contained in the reclamation
plan provide the necessary stream regulation to insure a sustained
and well-regulated flow through the years, regardless of the vagaries
of precipitation. '

SILT CONTROL

15. The control of silt is important in many localities. The meost
urgent silt problems are in the Big Horn River %asin, but the problem

is also serious in the Yellowstone River and its other tributaries as
well as in the western tributaries of the Missouri River in the Dakotas.
The storage control provided throughout the Missouri River system
above Yankton will desilt the streams and eliminate most of the silt
problems in connection with operations of irrigation and municipal
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water systems. The retention of the silt by these means will reduce
the cost of maintaining the channels in the navigation section of the
Missouri River and the Mississippi River below St. Louis.

DOMESTIC, MUNICIPAL, AND INDUSTRIAL WATER SUPPLIES

16. In many parts of the basin, surface waters are relied upon for
domestic and municipal water supplies. In the future there will also
be greater requirement for industrial water supplies. Regulation of
flows of many tributaries as proposed, and the diversion of water from
the Missounn River into eastern North Dakota and the Red River
Valley, and into the James River Valley in South Dakota, will benefit
many cities, towns, and populous areas by increasing low-water flows
and restoring ground-water levels.

17. Some communities that depend on wells are faced with the
necessity of searching for new water sources because of lowering ground-
water levels. The falling water tables have also dried up or reduced to
stagnant pools many old lakes in the northern plains. The plan calls
for the restoration of some of these lakes, and will also have 2 beneficial
influence on water tables through percolation of water from canals,
irrigated farms, and small stream channels.

FISH AND WILDLIFE

18. The Missouri River Basin has areas of outstanding importance
in the conservation of fish and wildlife. Notable among them are
mountain fishing streams, and the waterfowl refuges and breeding
grounds in the northern plains. The development of the water re-
sources of the basin will adversely affect some of the existing facilities,
but it will also create exceptional opportunities for expanding the
fish and wildlife programs. No unnecessary iojury should be inflicted,
and construction plans should include such safeguards as fish screens
at canal and other intakes, hold-over conservation pools in reservoirs
(for maintenance of proper water elevations and stream flows during
spawning and nesting seasons whenever practicable), and other goo
conservation practices. Facilitics destroyed or damaged should be
replaced by others of equal utility as a part of the new construction
in the conservation programs, wherever possible.

RECREATION

19. The basin includes parts of three great National Parks, Yellow-
stone, Glacier, and Rocky Mountain a%ong the Continental Divide,
numerous national forests, and many smaller recreational facilities
ranging from fishing grounds in the mountains to historical sites on the

lains; but there are large areas where recreational facilities are
inadequate. The restoration of Devils Lake and the construction of
the numerous proposed reservoirs will provide recreational opportuni-
ties of major importance within these areas. These opportuniiles
should be capitalized through stocking the lakes and reservoirs with
fish, and providing facilities that will be needed to care for the public,
such as campgrounds, boat landings, and shelters.
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POLLUTION ABATEMENT

20. Along the Red River of the North, and in various other places
within the basin, including some areas bordering the Missouri River
itself, waters are polluted by discharge of untreated sewage into
streams. In periods of low flow, pollution has become serious, threat-
ening the &;sa.fet;{'l of water supplies and creating nuisances. Diversion
of water into the Sheyenne Kiver and thence into the Red River of
the North will abate some of these counditions. So far as possible,
sufficient low-water flows should be maintained throughout the basin
to prevent dangerous pollution; but this should not be considered as
a substitute for the treatment of sewage where necessary to maintain
proper sanitary conditions and the use of stream flows for dilution of
sewage should be held to a minimum.

HYDROLOGY

21. Reliable stream-flow records covering sufficient time to reflect
variations in flow are a prerequisite to sound project planning, to
assure proper control and full utilization of the waters, and to avoid
waste of construction funds on the one hand, and the hazards of water
shortages, flood damages, and power shortages, on the other. No
run-oft records are available for many of the smaller streams, and on
‘the lalal'%:?r streams the available records are often inadequate because
of insufficient stations, particularly at critical locations. The present
inadequate program of stream gaging being conducted by State and
Federal agencies should be greatly expanded at once, to the end that
the tentative {)roject plans may be confirmed or modified on the basis
of more complete stream-flow records, before it becomes necessary to
start construction.” This situation is particularly applicavle to the
numerous small projects on the minor tributaries. The appropriations
for the United States Geological Survey for stream-gaging work should
be substantially increased, and the lack of available State appropri-
tions for matching Federal funds should not be permitted to delay
a program at least sufficient to provide the needed records at many
key stations.

DESIGNS AND ESTIMATES

22. The project plan includes hundreds of major engineering works,
such as dams and power plants, and thousands of important structures.
The plans on which the estimates are based were necessarily of a pre-
liminary nature. At many of the dam sites, exploratory work has
been carried far enough to obtain dependable basic data. At other
sites, further exploratory work must be undertaken before details of
the structures can be determined and better estimates made. All the
works proposed in the report are of the same general type which the
Buresu of Reclamation has been constructing 1n the West since 1902,
and no novel or unprecedented problem are involved. All cost esti-
mates are tentative, and are subject to revisions in the light of further
information which must be developed by exploratory work and de-
tailed design studies before construction 1s undertaken. A lump-sum
allowance has been included for contingencies for unforeseen condi-
tions, but no allowance has been included for major economic changes.
All estimates are based on costs as of January 1, 1940, and an appro-
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priate factor will therefore have to be applied to conform such esti-
mates to prices existing at the time the construction of any feature
of the development is initiated.

INITIAL CONSTRUCTION PROGRAM

23. The following list of projects is submitted as the initial stage of
an orderly program to effectuate a plan of development presented in
the report. The list is confined to projects or project features which
should, in the opinion of the Board, be constructed by the Bureau of
Reclamation:

Colorado:
Trgngmountain diversion projects were not considered a part of this
asin,
Kansas-Nebraska:
Bostwick.
Cedar Bluff,
Frenchman-Cambridge.
Kirwin,
North Republican {Wray} {Colorado-Nebraska).
Pumping.
Montana:
Canyon Ferry Reservoir,
Glasgow Bench Pumping.
Hardin (including Yellowtail Dam).
Marigs. _
Missouri-Souris (Montana division).
South Bench.
Yellowstone River Pumping units,
North Dakota:
Heart River.
Knife River.
Missouri-Souris (North Dakota division).
Missouri River pumping units (5).
South Dakota:
Angostura,
Grand River (Shadehill-Bluehorse).
Ozhe (James River).
Rapid Valley (including Brennan Reservoir).
Wyoming:
Big Horn pumping units.
Big Horn Project (Boysen Dam).
Glendo Reservoir.
Kortes.
Owl Creek.
Paintrock.
Riverton,
Shoshone project extensions.
Power transmission Jines.

RECOMMENDATIONS

It is recommended:

(@) That the general plan for the development of the basin as
contained in the report be approved subject to such modifications and
changes as may be indicated, from time to time, as the plan is effec-
tuated.

(5) That all works that may be suthorized under the approved plan
be constructed, operated, and maintained by the Bureau of Reclama-
tion under the direction of the Secretary of the Interior wherever the
dominant funetion of such works is other than navigation and flood

control.
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(¢) That the Bureau of Reclamation under the direction of the
Secretary of the Interior make all arrangements for the sale and dis-
tribution of electric energy generated at all hydroelectric developments
hereafter constructed by any Federal agency within the basin as
defined in the report, and be authorized to construct, operate, main-
tain, and improve such electric transmission lines and substations as
it finds necessary or desirable in connection therewith.

{(d) That the initial construction program as hereinabove presented
be adopted and that an appropriation of $200,000,000 be authorized
for the prosecution of construction work on the first stage of the
program and for the continuation of investigations on the general plan

of development.
E. B. DEBLER,

Chairman, Director of Branch of Project Planning.
S. O. HARPER,
Chief Engineer, Director of Branch of Design and Construction.
H. F. McPuar,
Director of Branch of Power Utilization.
W. F. KuBacH,
Director of Branch of Fiscal and Administrative Management.
D. 8. StuveER,

Assistant Director of Branch of Operation and Maintenance,

SUMMARY FOREWORD

Wheat, butter, meat, wool, leather, and many other valuable
commodities used by the people of the United States come from a wide,
sparsely populated area which lies between the highly developed
Middle-West and Eastern States and the growing far West States,
and extends from the Canadian border far down into Texas, almost
separating the country into two distinct parts, This Great Plains
area and the mountainous country which bounds it on the west
yield not only foodstuffs and textile materials which are important
to the prosperity of the country, but also certain valuable and stra-
tegic minerals, and a wealth of oil. Economically, it is 8 very im-
portant part of the Nation.

The cities and large towns, and much of the best agricultural land
in the Great Plains area lie in the flood-plains of the rivers, and
occasionally, like some eastern cities and farm lands, they suffer
great damage from floods. The greater part of the area experiences
serious variations in rainfall, and corresponding fluctuations in crop
yields. Oeccasionally, it suffers long periods of drought, during which
losses far exceed those due to floods. The effects of such disasters
are not confined to the Great Plaing; they extend to the whole country,
because they disturb commerce in the hundreds of millions of dcliars’
worth of materials and articles which are exchanged annually between
residents of the Great Plains States and residents of other States.
On some occasions, enormously expensive relief and rehabilitation
programs have been necessary after floods or droughts because, in the
interest of national prosperity and security, the area cannot be aban-
doned, nor allowed to lose the fruits of developments by private
initiative that are, or can be made to be, economically sound.
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Man cannot exercise control over the weather—the fundamental
cause of droughts and floods; but by devices known to engineers, he
can modify floods and their effects, and by practices known to engi-
neers and agricultural scientists he can alter the farming facilities
and the farm and ranch practices in some localities so as to diminish
both the direct and the indirect effects of droughts. For years, the
Corps of Engineers, United States Army, has been engaged in design-
g and constructing river improvements for the purposes of reducing
flood damages and aiding navigation; the Bureau of Reclamation has
been putting water on arid land and finding supplemental water for
distressed irrigation farmers; and the Department of Agriculture, the
State colleges, the State experiment stations, and the county agri-
cultural agents have been laboring to improve agricultural facilities
and practices. In order to perform efficiently and to handie large-
scale projects, these and other government and local agencies must
cooperate closely, and in accord with broad plans, each plan being
inclusive of all resources, problems, and possibilities that are properly
related in one unit. So far as the cooperative activities of the Corps
of Engincers and the Bureau of Reclamsation are concerned, a river
basin is a suitable unit on which to base plans.

This report deals with a plan for the conservation and control of the
water resources of the entire Missouri River Basin, which includes the
northern Great Plains, and the use of such resources in watershed
development. Every water resource and all feasible beneficial uses
of water, such as aids to navigation, flood control, the irrigation of
land, the producing of power, the restoration of surface and ground-
water levels and of domestic and municipal water supplies, the
abatement of stream pollution, silt control, fish and wildlife preserva-
tion, and recreation, were taken into account in an effort to formulate
a basin-wide plan most likely to yield the greatest good to the greatest
number of people. The plan is based on specific information with
respect to t.Ee character and needs of different sections of the basin,
and on experience in designing, building, and operating works of the
kinds that will be required in the Missouri River Basin. It is adapted
to development in stages, and to such modifications as changes in
physical and economic conditions make necessary. Agriculture is
and always will be the primary basis of the economy of the Missouri
River Basin. On agriculture, other economic activities in the basin
Jargely depend. This fact has been recognized in designing a plan
for water-resource development for the basin.

Plans of the Corps of Engineers cover channel improvements from
Sioux City to the mouth of the river and a number of reservoirs on -
the upper river, mainly for flood control and aid to navigation. Such
existing and proposed developments are referred to or are described in
House Document 475, Seventy-eighth Congress, second session, and
in the documents referred to therein. The plan here tendered incor-
porates the Corps of Engineers’ proposed plans for flood control and
aids to navigation in the river below Sioux City, with some modifica-
tions of Army plans for developments on the upper river, for the
reason that certain reservoirs and related works further up in the river
basin would facilitate navigation and flood control on the lower river,
and, at the same time, serve other purposes.

This basin-wide plan provides for a number of reservoirs on the
upper reaches of the Missouri River and its tributaries, for the pur-
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poses of storing water, and releasing it during periods of low flow.
Such reservoirs will contribute to flood control not only on the lower
river but at all points from the mouth of the river to the reservoir
sites; they will aid navigation on the lower river by reducing flood
dameages t¢ navigation works and by increasing the dry-season flow;
they will enlarge the supply of water available for irrigation; and
Ltl:ages wili make practicable the generation of electrical energy at many
P .

The irrigation of land in the basin, generally in relatively small
blocks along the streams, will add to an unavoidably precarious dry
farming and grazing economy a dependable type of agriculture which
will have a stabilizing effect on whole communities; it will supplement
the ranges in supporting a larger, better, and less hazardous livestoch
industry; and by incressing the population and the farm yield and
income, it will reduce the per capita costs of government and raise
standards of living and of citizenship. In periods of severe and long-
continued drought, such as have occurred at long intervals, and may
occur again, forage raised on irrigated land will support foundation
breeding stock, at least, and so speed recovery from drought damages.

The storing of water and the regulating of stream flow for purposes
of irrigation will contribute not only benefits to downstream naviga-
tion and flood control, bus, frequently, facilities for the production of
power, one of the chief sources of wealth and well-being. Electrical
energy developed at dams and canal drops will be used to pump
water to land above gravity canals; and surplus power will be sold
for domestic, municipal, and industral applications.

The distribution of irrigation water in canals and the maintenance
of year-round flows in some streams that ordinarily ﬁo dry in summer
will relieve water shortages, and improve ground-water supplies.
Return flow from irrigated land, and water diverted for the specific
purposes will raise or restore ground-water levels in some areas, and
abate stream pollution.

Both the creation of reservoirs and the regulation and maintenance
of stream flow will aid in fish and wildlife conservation.

Present and future plans of State agencies and of various Govern-
ment agencies, such as the Indian Service, the Fish and Wildlife
Service, the National Park Service, and the Bureau of Reclamation,
as well as the War Department, the Department of Agriculture, and
the Federal Power Commission should be coordinated, in order to
avoid the waste incident to conflicting plans and duplication of effort,
and in order to gain the advantages of large-scale, coherent works
and operations.

Comparison of estimated costs with repayments and returns com-

puted pursuant to existing legal requirements, and supportable on
the experience of operating Federal projects for like purposes, justifies
the conclusion that the value of the benefits to be derived from the
recommended program will exceed the cost of the project, and war-
rant the recommendation that the construction of the project as
planned be approved.
. A general statement with respect to the Missouri River Basin and
its economic problems, and a comprehensive plan for developing and
utilizing its water resources is contained in this report. Supporting
data are to be found in the reports and files of the Bureau of Reclama-
tion and the Corps of Engineers.
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AUTHORITY FOR THE REPORT

This report, the result of an investigation by the Bureau of Recla-
mation for the full conservation, control, and use of the water resources
of the Missouri River Basin, proposes a comprehensive plan, to those
ends, for the approval of the Secretary of the Interior and for sub-
mission by him to the Congress.

The report embodies a general discussion and conclusions respectin
the engineering feasibility of the plan, and of its several physic
features, and of the estimated cost of its construction and opcration,
also, recommendations as to the allocation of the estimated cost to
irrigation, power, navigation, flood control, and other miscellaneous
water uses, and estimated repayments and returns to the United
States.

Statutory authority for such an investigation and report is found
in section 9 of the act of August 4, 1939 (53 Stat. 1187, 43 U. 8. C.
185). -

DESCRIPTION, PRESENT DEVELOPMENT, PLANS FOR
THE FUTURE

As a matter of convenience in description and discussion, the
Missouri River Basin has been divided into six subdivisions, based
on tributary drainage basins or on peculiarities of an area. In this
section of the report, each subdivision is covered by a general descrip-
tion of the area, a statement with respect to economic developments,
and an explanation of water-use developments proposed. A tabular
summary of proposed works-—reservoirs, 1Tigation ' units, power
plants, and miscellaneous water uses—is given for each area. Power
is treated on a basin-wide basis, in a succeedm% section. _ _

The basin subdivisions are best understood by studying the simpli-
fied basin maps which appear in many places with the text.
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Yellowstone River Basin

FOREWORD

The Yellowstone River is au interstate stream draming portions of
Montana, Wyoming, and North Dakota. The chief economic re-
sources of the Yellowstone Basin are irrigated agriculture and its
associated livestock industry. The development of F156,900 acres
of irrigated land in the basin has created the greater part of the
present total assessed valuation of about $322,000,000. Fa.rmmg
without irrigation yields only meager results because of low an
variable rainfall,

An additional area of about 728,000 acres can be brought under
irrigation in the future, and supplemental water can be supplied to

327,000 acres of land nowsirrigated. Plans for the development of
water supplies for these lands are increasingly a source of concern
and of possible dispute among the three States which include parts
of the Yellowstone River Basin. Each seeks to protect the water now
supplied for its irrigated areas and to establish rights to the water
which will be necessary to develop its irrigable areas. The major
contention, at present, relates to the basin of the Big Horn River,
largest tributary of Yellowstone River, where it has been asserted
that expanding wrigation developments in Wyoming have been respon-
sible for reported water shortages along the Big Horn River in Mon-
tana.

Under present conditions, there is & large surplus of water, but its
distribution is not suited to the requirements for maximum irrigation
and power use.
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The Yellowstone River and its tributaries, particularly the Big
Horr: River, are heavy silt carriers, contributing about 25,000 acre-
feet of silt per year to the Missouri River. Considerable excess stor-
age space must be provided in some reservoirs to prevent too rapid
depletion of their effective capacities by siiting.

ower developments within the Yellowstone Basin are far from
adequate to supply present power demands. Deficiencies are sup-
lied mainly by the Missouri River plants of the Montana Power Co.
n the near future power from the Fort Peck Dam will be available to
the lower part of the basin,

GENERAL DESCRIPTION

Physical features—The Yellowstone River, most productive tribu-
tary of the Missouri River, drains southcast Montana and north
central Wyoming. The length of its basin is about 440 miles, and the
maximum width is 320 miles. The average annual discharge at the
mouth of the river, during the 10-year period, 193140, was 6,870,000
acre-feet, compared with an average of 5,000,000 acre-feet from the
Misgsouri River above the mouth of the Yellowstone.

The Yeilowstone River and all of its principal tributaries rise in
and receive most of their water from the Absaroka, Wind River,
and Big Horn Mountains. A large part of the low-altitude area in
the northeastern portion of the basin yields no perennial run-off.

Lakes are abundant in the upper part of the basin, but only one,
Yellowstone Lake, is of notable size. It has an area of 142 square
miles, and provides a considerable amount of natural regulation.
Other important bodies of water in the basin are Lake De Smet,
and the Shoshone, Bull Lake, Pilot Butte, Sunshine, and Tongue
River Reservoirs.

Elevations in the basin range from 1,860 feet, at the mouth of the
Yellowstone River, to & maximum of 13,785 feet at Gannet Peak,
in the Wind River Range. Nearly half the area lies below elevation
4,000, with the remainder rising rapidly to elevations of 11,000 to
13,000, in the mountain ranges.

The Yellowstone River, after leaving Yellowstone National Park
at Gardiner, Mont., flows in a steep, winding gorge for about 21
miles, emerging into a broad flat valley between high mountains.
Near Livingston, Mont., the river cuts through a limestone ridge,
forming & short but precipitous canyon. From Livingston to Co-
lumbus, Mont., the valley never reaches a width greater than about
1 mile, and is bordered by sandstone bluffs, generally gravel-capped,
that stand 200 to 400 feet above the valley loor. North of the river,
these bluffs are part of a series of tablelands, broken by steep escarp-
ments. that form the divide between the Musselshell %iver and the
Yellowstone River. Southward, the bluffs blend smoothly into the
stream terraces and foothills of the Absaroka Mountains.

Near Columbus the valley widens to & maximum of about 7 miles,
and the mountains recede to the south, leaving the river bordered by
the eroded and broken uplands of the central plains. The effects of
erosion increase in prominence toward the mouth of the river, and
east of Miles City, Mont., there are large areas of exposed shales
and soft sandstone that have become typical badlands. These areas
are maked by scanty vegetation. Infrequent but heavy rainstorms
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move immense quantities of silt from the badlands into the Yellow-
stone River.

The slope of the river ranges from 2 feet per mile, at the mouth,
to 30 feet per mile, near the mountains. The valley floor is gener-
ally smooth, with slopes of less than 8 percent. The stream channel
is cut about 15 feet deep into the valley sediments, and the river bed is
gercrally on or very close to shale or sandstone bedrock.

The Clarks Fork of the Yellowstone starts at Broadwater Lake, just
east of Yellowstone National Park, Throughout its upper rea.ciles,
the stream and its many tributaries occupy deep gorges between high,
glaciated plateaus and mountain peaks. The river leaves the moun-
tains near Clark, Wyo., and enters a valley distinguished by broad
flood plains and high bordering escarpments and terraces. An?ut.-
standing feature of the area is the Beartooth Plateau, a flat-topped
glaciated mountain mass rising abruptly 3,000 to 4,000 feet above
the foothills. The river falls 1,500 feet in a distance of 6 miles,
through the deep gorge between this high plateau and the valley floor,
thus offering tremendous advantages for power development. The
lowland portion of the basin is & broad, smooth plain of sedimentary
deposits, sloping northward toward the Yellowstone River. This
region has been much eroded by streams, and warped and faulted
by geologic forces, so that the present land forms ‘include alluvial
streams, terraces, badlands, and dry, desert-like basins.

The Big Horm River, largest tributary of the Yellowstone River,
drains an oval-shaped basin between the Wind River Range and the
Big Horn Mountans, Its basin is divided topographically into three

ents .or sub-basins, known in downstream order as the Wind
River and Big Horn Basins, in Wyoming, and the Lower Big Horn
Basin, in Montana. The three sub-basins are separated by two steep
canyons. The basin floors are broad expanses of rolling plains, dis-
sected by numerous deeply eroded valleys and stream courses.
Stream slopes are rather umform, ranging from 4 to 8 feet per mile
along the Big Horn River, and from 25 to 30 feet per mile on the
tributaries below the foothills. The main stream and its larger tribu-
taries have cut di:{ﬂy entrenched valleys that contain fertile flood
plains up to several miles in width. The Big Horn River channel
18 10 to 20 feet deep. Steep terraces, 100 to 200 feet high, separate
the flood plains from the higher benchlands of the main basin floors.

The Tongue and Powder Rivers drain the eastern slopes of the
Big Horn Mountaing, from which they descend in deep, precipitous
canyons, A large proportion of their drainage areas is low-altitude
plains and badlands, productive of violent damaging floods of little
volume. Below the mountains, both streams occupy narrow valleys
confined by high bluffs and terraces. The lower flood plains are
usually dissected by the meandering streams and the flood channels
of intermittent tributaries,

Other tributaries in the western part of the Yellowstone River
Basin are the Boulder and Stillwater Rivers, draining parts of the
Absaroka Range, and the Shields River, draining a small basin be-
tween the Bridger Range and the Crazy Mountains. All are short,
swift streams, snow-fed, flowing through deep mountain gorges and
narrow valleys with limited flood plain areas.

Land use.—Major land use types in the Yellowstons River Basin

are:
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Acres

Irrigated land. . __ _______ oo 1,156, 900
Arable dry land_ e recmememeoeo 3, 100, 000
Privately owned grazing land_ _ __ __ ____ .. oceeceeooo 16, 300, 000
Taylor Aet grazing distriets V. __ . _ . _______ ... 4, 820, 000
Timbered land _ . . . o emm——————— 6, 400, 000
Miscellaneous. . ..o e e —————— 9, 232, 100
Gra.zin_g land in Indian reservations_ . .. <. LicceooCaaoao. 3, 900, 000

Tobtal. e eeeeameeoem 45, 060, 000

¥ Publiec domain within grazing districts.

The principal crops on irrigated lands are alfalfs, sugar beets,
small grains, beans, and mixed hay. The production of beans and
beets is largely concentrated in the Yellowstone and Big Horn River
Valleys. Alfalfa and mixed and native hay are the principal crops
in the higher areas. Most irrigated land provides, as a by-product,
either late-season pasture or forage such as beet tops and pulp, and
bean straw. Livestock feeding is practiced throughout the area.
Minor quantities of flax, potatoes, peas, table veget.a%les, and berries
are produced in certain parts of the basin. )

Farming without irrigation is extensive in the Yellowstone River
Basin. Rainfall is low and erratic, and undependable for crop pro-
duction. Growing-season rainfall has varied during the past 40
yea.}i's from 5 to 10 inches, with an average for the basin of about 7
inches, :

The total area of dry farm land in the basin is estimated at about
3,100,000 acres. The area actually cropped varies from year to year
according to weather conditions and crop prices. In 1939 crops were
harvested from about 900,000 acres of dry farm land, and 2,200,000
acres were {allow, {ailed to produce a crop, or were used for pasture.
The chief crop grown on nonirrigated farms is wheat, with barley,
oats, mixed hay, and flax following in about that order. Yields are
low and va.riazie. Wheat averages less than 8 bushels per acre,
ranging from complete failure to 20 or more bushels per acre.

nder the plan of development presented in this report, an area
equal to 23 percent of the arable dry land would ultimately be placed
under irrigation. The remainder may continue in its present status,
but much of this land should be returned to pasture. Adjustments are
constantly being made in the size of farms, the use of marginal lands,
and the production of farm livestock. Several Government agencies,
including the Farm Security Administration, Soil Conservation Service,
Grazing Service, and Agricultural Adjustment Administration are ac-
tively sponsoring programs designed to stabilize agriculture. Devel-
opment, of new irrgation projects will aid this objective by glx;ovidin
new. opportunities for settlement of the population from distresse
areas, and by providing more assured feed to carry foundation stock
in periods of drought.

ivestock raising has been a msajor industry of the Yellowstone
River Besin since its earliest settlement. Practically all of the arable
land in the basin was once devoted to grazing. During the homestead
boom of 1900-1920, much of the grazing land in the central part was
plowed and converted to farms, with consequent crowding and over-
grazing of the remaining ranges., When drought and depressed prices
caused dry farming to become unprofitable, large areas were abandoned
to be gradually reseeded to wild grass.
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The drought of 1931-36 caused a reduction of about 40 percent in
the livestock population of the basin. This was due to depleted
ranges and lack of feed reserves. Increased rainfall and better grazing
Eract.ices have largely restored the ranges, and the livestock losses

ave been replaced.

About 38 percent of the Yellowstone River Basin is in national
parks, forest reserves, Indian reservations, Taylor Act grazing reserves,
and unreserved public domain. Timbered lands, including the
national forests, embrace about 10,000 square miles, or 14 percent
of the Yellowstone River Basin. In ad&ition, much of the plains
area, particularly in the northern part of the basin, is covered with a
scattered growth of pines. All of the streams are bordered with a dense
growth of cottonwood trees, willows, and shrubs.

There are considerable areas of the badlands in the Yellowstone
River Basin, particularly in the southern and eastern portions. These
areas of soft shale and sandstone are eroded to all manner of rugged
outlines, ravines, conical buttes, pinnacles, and gullied escarpments,
have scanty vegetation, and are of little agricultural use. ey are
%e source of most of the silt carried by the Big Horn and Yellowstone

ivers.

Ground Water resources—Development of ground water in the
Yellowstone River Basin has been limited to wells for domestic and
stock water use, and for the irrigation of small gardens in the dry land
farming areas, '

The chief source of ground water is the alluvial fill found in nearly
all the stream valleys, and on their bordering terraces. The water in
this material is derived from nearby surface sources, including seepage
from irrigation canals or irrigated land. Its quality is variable,
depending on the nature of the material in which it is found. It is
generally hard, and contains much dissolved mineral matter, the total
concentration varying from less than 500 parts per million to more
than 6,000 parts per million. The principal constituents are the
sulfates, magnesium, and carbonates of calcium and sodium. The
more highly charged waters are found in areas underlain by shale.
In certain limited areas, the water is so highly mineralized that it
cannot be used for drinking, but is useful for stock water. Shallow
wells near cities or industrial areas are subject to contamination from
surface wastes, and therefore are not a satisfactory source of domestic
water,

Wells driven below bedrock encounter water-bearing strata at
depths of from 100 to as much as 4,400 feet. Deep wells are especially
abundant in the central and northeastern portion of the basin. Deep
drilling has met with little success in the upper Big Horn and Powder
River areas. The water obtained from deep wells is soft, but high in
dissolved minerals, especially sodiuma bicarbonate. It is generslly
usable for domestic or stock water, and is highly important in this
respect. Flowing wells are numerous along the Yellowstone River
east of Forsyth, and along the lower Powder River and the Tongue
River. The necessa?' depth of wells and the resulting pressure and
vield increase toward the northeast, since the aquifers dip in that
direction. The average depth of flowing wells in the Yellowstone
Valley ranges from about 150 feet at Forsyth to 700 feet at Terry.
The yields vary from about 1 to 300 gallons per minute.



MISSOURI RIVER BASIN 33

A number of flowing wells are located along the northern base of
the Pryor Mountains, Wells from 450 to 3,200 feet deep yield up to
about 450 gallons per minute. The water is similar in quality t¢ thas
from deep wells in the northeastern part of the basin.

Another important source of ground weater, particularly in the
~ uplands and mountain areas, is springs, which have a rather wide-

spread occurrence. The largest are the hot springs of Yellowstone
National Park, which contribute a substantial portion of the flow of
the Yellowstone River in its upper reaches. An especially large hot
spring is located in the Big Horn Basin at Thermopolis, Wyo. Smaller
springs are scattered throughout the basin. While most of them
yield good quality water, some are strong with hydrogen sulfide.
Ground water in this region is particularly valuable for stock water
because of its availability in outlying ranges where surface streams
are often dry, and because of its practically uniform temperature,
ranging from 47° to 60° F. at different places, depending on the depth
of the well. Livestock that has access to ground water during winter
feeding periods makes better weight gains than it would with cold
surface water. Development of ground water in the future is expected
to be chiefly for stock water and domestic uses, with only a very limited
use for irrigation.

The use of ground water for industrial purposes is not extensive,
nor is it likely to become so. Water from shallow wells is hard, and
causes scale in boilers. Deep-well water is frequently so charged with
sodium bicarbonate that foaming is excessive. However, water from
some wells can be used for steaming, as is the case in the vicinity of
Miles City. Surface water will remain the principal source of indus-
trial water supplies.

Municipal water supplies are generally obtained from surface water.
Several small communities and nearly all the rural areas, however,
depend on wells for domestic water.

Surface water resources—Sources of run-off

Average
anhnal
Stream Location run-off in
acre-feet,
193140

Yellowstone River _.___.............| Yellowstona Lake__ . emimimmmaaaas 783, 000
D Corwin Springs. .o ciameee. 1, 308, 000
LivingstOm . . e ier s ccmmccassccmmammmemmmam—a—aa 2, 136, 000
Bllngs. e eaimammmmmmmmm—————— 3, 136, 00D
Miles CIb¥ .o cmcamoaos 6, 438, 000
Sidney (Montena-North Dakota State line} 6, 758, 00O
Mouth of FIver. v e caaiicri i cvcevman- 6, 370, 009
Thermopolls. . cecmcccuas 958, 49
Moatans-Wyoming State line_... . .cocieemierreanaaa- 2, 137, #6
Mouth of Fiver .. oeeeeeemce e ceicc e cccammananae 2, 457. 000
Chance {(Montana-Wyoming State line) 550, 508
Mouth of flver o eeemarr—m————an 745, 200
Arvada. o iiaiesarsmmmmm—————an 187, 600
Moorbead (Montans-Wyoming Stats lige). ..o 77, 600
Mouth of tiver_ e m—mem 310, GO0
..... L - 285, 300
..... L L PR 464, 700
..... O b e ————————— 82 600
Decker (Montans-Wyoming State Hoe)... .- ___.. 239, 500
Motth of FEVer e e samm————— e 214, 200
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_Stream flow in the Yellowstone River Basin is characteristically
high in the spring and early summer when the mountain snow 1s
melting, decreasing to low base flows during the summer and winter.
About 60 percent of the total annual run-off of the Yellowstone River
occurs during the months of May, June, and July, making storage
imperative for its utilization. With proper regulation, the water
supply is adequate, with a very few minor exceptions, to provide a
ull irrigation supply for all irrigated and irrigable lands in the basin,
as well as to produce large amounts of continuous firm power during
such a period of drought as existed during the past decade, and, in
addition, to yield substantial quantities o% water and power for use
outside the basin.

Quality of ssurfase waters—The surface water of the Yellowstone
River Basin carries considerable quantities of dissolved minerals,
and in certain streams, large amounts of suspended silt. The minerals
are chiefly carbonates, sulphates, and bicarbonate of sodium, calcium,
and magnesium, with carbonates predominating. The total concen-
tration of dissolved minerals in the Yellowstone River at Billings
everages about 300 parts per million. In the lower part of the river,
at low water, this may be as much as 1,000 to 1,200 parts per million.

This water has been used for urrigation for nearly 60 years without
serious soil deterioration. However, it is necessary that drainage
systems be adequate to dispose of excess irrigation water. Qtherwise,
continued evaporation of the water from soil surfaces will deposit
concentrations of salt. This has occurred in several large areas along
the Yellowstone and Big Horn Rivers. Reasonable use of water,
with adequate drainage, will prevent such accumulation on future
projects, end no serious difficulty is anticipated from this source.

Measurements by the Co?e of Engineers, United States Army, from
September 1929 to November 1931, indicatpd that the Yellowstone
River carried 55,711,200 tons of silt at Glendive, Mont., which is about
70 miles above the mouth of the river, and below 95 percent of its
total drainage area. This is equivalent to about 25,000 acre-feet of
silt per year, and was 93 percent of the silt cairied by the Missouri
River at Williston, 37 miles below the mouth of the Yellowstone River,
and 23 .deercent of the silt content of the Missourt River at Kansas
City. easurements made during 1930 indicated that about 51 per-
cent of the Yellowstone River silt came from the Big Horn River.
The silt content of the streams varies widely from month to month.
Other sources of siit in the Yellowstone River Basin are the Lower
Tongue River and the Powder River, and to a lesser extent, the Clarks
Fork River. Storm run-off from intermittent minor tributaries also
contributes considerable silt.

The silt is very fine, with large contents of colloidal material. It
hampers irrigation by filling ditches and control structures. When
spread on the land, it reduces the aeration and permeability of the
soil, and makes tillage more difficult. Entering municipal water works,
it increases the cost of water clarification and clogs the intake works.

The only effective solution of the silt problem appears to be storage
on the major contributing streams, particularly the Big Horn River.

Climate—The Yellowstone River Basin has the rather rigorous eli-
mate which is characteristic of the Northern Great Plains. The grow-
ing season is relatively short, with a large proportion of sunny da,gs
and cool nights. Occasional late spring or early fall frosts damage the
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less hardy crops, particularly beans. Frequent summer storms occur,
occasionally of cloudburstiintensity, and there is some damage to crops
by hail. Winters are usually severe, with low temperatures and con-
siderable snowfall. Winds of high velocity are cominon in the fali and
spring. Weather records at representative statians in the basin are
summarized in the following table:

Items Glendive | Billings | Riverton| Cody | Sheridan

Number of yearaof record ... .o eicamanas 52 57 a2
Mean annual temperature, degrees._ . ... .. cauo oo 4.0 46,7 4.0 45.2 43.1
Minimym temperature, degrees. . ... oocovevearenooo. —50 —49 —46 —40 —45
Maximum tem ,OaeETeeN L. 117 112 101 05 108
Average anpual precipitation, inches . ________ . __ 14, 62 13.13 % 61 897 15.31
Average anpual pltation, 193140, inches_.__.___ 11.74 13273 8. 47 8.66 14.33
Averags May-Beptember pracipitation, 183140,

............................................. 7.64 7.31 4.88 554 1.3
Average spowfall, 103140, inches_ . ., _.__________.___ 1 41.3 355 356.0 40.2
Average number. of days between Xilling frosts_____. 134 134 1337 127 130

Soils.—Preliminary examination of the soils of the Yellowstone
River Basin has resulted in their classification, on the basis of physio-
graphic features, into four aﬁr_ouga as follows: (1) Soils of the valley
bottoms; (2 soils of the v ey benches and terraces; (3) soils of the
bordering slopes and uplands; and (4) miscellaneous soils and land
types. e valley bottom soils, deposited by ﬂowin%- water, are
highly irregular, varying in texture from clay to sandy loam. They
are gener fertile and well-drained. Much of the present irrigated
land in the Yellowstone River Basin includes this soil group.

The second soils group occupies the terraces and benches bordering
the stream valleys, rismg 25 to 200 feet above the valley floors.
They, also, are slluvial soils, but more mature and uniform than those
of the valley bottoms. They are fertile, medium textured, and com-
monly friable and free-working. Under proper management, with
an adequate water supply, they are capable of sustaining production
of all 0? the crops grown in this region.

The last two soils groups named above are not generally irrigable.
Because of rough topography, thin soil, or isolated positions with
respect to an adequate water supply, their agricultural usefulness is
limited to dry 1a.nﬂ farming or grazing.

The soils of the Yellowstone River Basin have developed under
semiarid climsatic conditions, which results in the formation of little
organic material and the retention of a large proportion of soluble
minersl salts. The successful irrigation of such soils therefore requires
adequate drainage, natural or artificial, to assure removal of excess
water that might otherwise be evaporated from the soil surface and
leave a concentration of salts. Needed fertilization is generally
limited to Supplemental nitrogen and phosphate, in both of which
the soils are deficient. The amounts of each needed depend on the
crops grown. Deficiency of phosphorus in Yellowstone Basin soils
causes the so-called phosphorous disease in range livestock. It is
successfully controlled by feeding bonemeal, or salt contsining
phosphates. :

Certain residual soils developed from shale contain sufficient
selenium to produce injurious effects in livestock. The affected areas
are limited in extent.
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Markets and transportation.—Trading and shipping centers are well
distributed throughout the agricultural areas of the basin, providing
convenient outlets for crops and livestock.

Facilities for local processing of crops include beet sugar factories
at Billings, Sidney, Sheridan, Hardin, Lovell; and Worland; canneries
at Powell, Red Lodge, and Billings; numerous grain elevators, cream-
eries, breweries, and a few cheese plants. Esta.Elishments for process-
ing livestock and dairy products are inadequate to supply local con-
sumption. The principal agricultural orts are livestock, wool,
grain, sugar, and beans. Livestock—mostly feeder cattle and lambs
go chiefly to the middlewest. Wool is shipped to Boston and other
eastern areas, and grain and beans are marketed in the Chicago-
Minneapolis region. Sugar is more widely distributed, through
several large factt‘)vl;]y oups. Irrigation expansion, and more in-
tensive farming, wil bring more finish-feeding of livestock, and
increased dairy production, which, with increasing local demands,
will foster a relatively larger local processing of crops and animal
products.

The Northern Pacific, Great Northern, Burlington, Milwaukee, and
Northwestern railroads provide outlets in all directions, and a network
of Federal and State highways and county roads provide good farm-
to-market routes.

The important highway routes are paved, and are maintained for
year-round travel. Some of the roads over mountain passes are
closed during the winter, as are some secondary roads In remote
areas. Drifting spow interferes considerably with highway travel
during the winter.

Population and industries.—Total population of the Yellowstone
River Basin in 1940 was 212,260, including 92,713 in communities with
a population of 1,000 and over. The largest rural settlements are along
the Yellowstone, Big Horn, and Clarl:-sr%‘ork Rivers, and on the upper
Powder and Ton%ue Rivers. The uplands and mountain areas are
very sparsely settled. The Yellowstone Basin include 23 percent of
the total population of Montana, 33 percent of that of Wyoming,
and 0.2 percent of that of North Dakota.

Farming and livestock raising are the principal industries in the
basin, employing, in 1940, 34 percent of the total working population.
The value of crops and livestock produced in 1939 was about $46,-
000,000. Mining and petroleum products in the same year had a
total value of $11,860,000. Wholesale trade totaled $43,000,000,
retail trade $80,000,000.

Industries other than those related to agriculture include oil
refining, rallroad, equipment repairing, brick making, small scale
lumbering, coal mining, and the production of relatively small quan-
tities of metals. By far the larger part of the population is supported
directly or indirectly by sagricultural production, processing, and
marketing.

The present distribution of activities is expected to continue, with
increasing agricultural activities matched by increasing employment -
in the production and processing of metals and minerals.

Minerals.—Minersl production of the basin includes coal, oil,
natural gas, gypsum, bentonite, kaolin, various types of building stone,
sulphur, and phosphate. Coal i1s the most widely distributed, being
produced in commercial quantities in several districts in the central
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and southern :parts of the basin. It is of bituminous and sub-bitu-
minous grades. A large open-pit mine is operated at Colstrip, Mont.,
by the Northern Pacific Railway Company. The other principal dis-
tricts now in production are at Sheridan, Red Lodge, and the Gebo dis-
trict, near Worland. The total coal production in the basin in 1940
was 2,240,000 tons. This was 28 percent of the total coal produced in
Is\:{ontana and Wyoming. A part is exported to other midwestern
tates.

There are a number of oil and gas fields in the basin. Their total
production in 1940 was 9,800,000 barrels of oil and 23,000,000,000
cubic feet of gas. The largest fields are the Salt Creek oil and gas
field in central Wyoming, the Baker gas field in eastern Montana,
the Elk Basin and Oregon Basin oil and gas fields in northwestern
Wyoming, and the Dry Creek oil and gas fields in northwestern
Wyoming. Oil is refined at Billings, Laurel, Cody, Lovell, Greybuli
and Thermopolis. Pipe lines from the Elk Creek field to Casper and
Billings are now under construction. The output of the Salt Creek
field is refined at Casper, Wyoniing. “Black’ o1l, found in large quan-
tities in the Big Horn basin, has found little use so far, but may be ex-
pected to be utilized in greater degree with approaching exhaustion of
the lighter oils, Natursﬁ:gas is piped from the Elk Basin and Dry Creek
fields to Billings, and as far west as Bozeman, Montana., The Baker
field serves all the towns from Miles City, Montana, to Bismarck and
Williston, North Dakota, and Rapid City, South Dakota. Nearly all
the towns in the Wyoming portion of the basin are served by pipe lines,
and a line from Salt Creek extendsinto Nebraska. Proposals have been
made to extend pipe lines from the Baker field to Minneapolis (620
miles), St. Paul (630 miles), and Duluth (668 miles), but no immediate
accomplishment of such projects is in prospect.

Present industrial utilization of other non-metallic minerals is
limited to the manufacture of building plaster from gypsum deposits,
produetion of bentonite, and the quarrying of rock and gravel for
local building, railroad ballast, and road surfacing.

Metallic minerals occurring in the mountains include gold, chromite
copper, tungsten, silver, iron, zine, lead, molybdenum, nickel, an
platinum. The most important of these at present is chromite,
which occurs in lenticular deposits along the north face of the Bear-
tooth Plateau, between the Clarks Fork and Boulder Rivers. The
cxistence of chromite in this area has long been known. It is of low
grade, and 1t was not until the overseas sources formerly utilized
were made inaccessible by war, that extensive development was
undertaken. A war expenditure of $14,000,000 has been made to
develop the chromite deposits, only to have the entire works shut
down after shipment of chromite ore from North Africa was resumed.
The chromite ore is complex, and can be mechanically concentrated
to only 41 to 45 percent, Cr,0;. Its use in the steel industry, according
to available reports, is generally satisfactory, the chief disadvantages
for competition with foreign ores being its lower Cr;0; content and
the high freight costs of delivery to consumers.

Production of other metals is limited to gold and copper. Several
gold mines and a copper mine are operate§ near Cooke, Mont., and
placer gold is being dredged near Livingston. The other metals listed
above occur as traces or are insufficiently prospected to disclose
commercial quantities.
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Fish and unldlife.—The many tributaries of the upper reaches of the
Yellowstone are supplied with clear cold waters arising from the melt-
ing of the snows of the humid mountain areas. The streams carry
little or no silt or mud, for the run-off they receive is from slopes w
clad with vegetation. They provide an ideal environment for trout.
After these tributaries have traversed the less humid areas they enter
semi-arid areas, along the lower reaches of the streams where they
receive the run-off of storm waters from barren or sparsely vegetated
slopes. Here rapid silting-l;f of the streams occurs and the environ-
ment becomes suitable for only coarse fish. The creation of numerous
storage reservoirs, which reduce floods and catch silt, will result in not
only the marked clarification of waters near the reservoirs, but in
clarifyin? influences that will reach far downstream.

The plans preoposed for the use of the waters of the Yellowstone
recognize that flooded areas should be cleared before water is im-
pounded, and that in the case of fish-stocked reservoirs subject to
draw-down, provision should be made to prevent the stranding of fish
during such draw-down periods. The plan also recognizes the neces-
sity for proper screening at points where waters. populated with fish
are diverted into irrigation ditches, and provides that in the case of
streams containing migratory fish, provision should be made for up-
streain passage over dams, where possible.

The lower course of the Yellowstone, receiving run-off from so large
an upland semiarid area, will obviously not be changed matenally from
the point of view of the environment 1t provides for fish, inasmuch as
much silt and mud will still reach it.

The general improvement in the productivity of irrigated areas. com-
bined with a growing understanding that & small area on every farr
may be dedicated to the propagation of wildlife, will provide winte:
cover and food for much upland game fowl and small game, now en-
tirely dependent upon the hazards of nature. Many fur-bearing
animals, especially the smaller species, will find a congenial environ-
ment near ditches, canals and impounded waters.

In the case of the larger reservoirs in the Yellowstone Basin, and
in the basins of the other subdivisions, a lake-type of wildlife can be
introduced ard maintained, thus introducing diversity into the Basin.
Problems of management will be changed; the necessity for the con-
tinued practice of sound conservation principles is fully recognized.

Recreational features.~—The principal recreational area in this region
is Yellowstone National Park. = Yellowstone River-—below Yellowstone
Lake—drops & total of 417 feet in two abrupt and spectacular waterfalls,
after which it flows for 15 miles through the Grand Canyon of the
Yellowstone, a gorge 1,000 feet deep, cut in multicolored, volcanic
rocks. Hundreds of active hot springs and ge[ysers in Yellowstone
National Park, of which the best known is Old Faithful, erupting
intensely hot water to a height of 140 feet at about 60-minute inter-
vals, make this an internationally well-known playground. About
500,000 persons visited the Park in 1940, coming from every State in
the Union. The park is surrounded by national forests and primitive
areas, in and adjacent to which are located many resorts, “dude
ranches,”” and summer colonies that attract a large tourist trade.
Catering to this irade is one of the major industries in the basin, the
eflects of which reach for long distances along the routes of travel
the park. During the summer season, the railroads run special tra
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and special air line and bus services facilitate tourist travel. The
highways of Montana and Wyoming carry thousands of private
touring automobiles. '

Other important areas of interest to tourists are: Shoshone Cavern,
near Cody, the Indian Reservations with their annual tribal cere-
meonials, and the badlands in the eastern portion of the basin. Fishing
and hunting are almost year-round activities. Big game abounds in
all the mountain areas, and game birds are plentiful in lowlands.
L};)cal.)l parks and recrestional arcas are found in nearly every town in
the basin.

PRESENT DEVELOPMENT OF WATER RESOURCES

General —Water resources of the Yellowstone River Basin are now
used chiefly for irrigation, with important but less extensive uses for
power generation and municipal water supply. The combined out-
put of all types of power plants in the basin is considerably less than
the current demand for power. Large amounts of power are imported
from other basins, chiefly the upper Missouri River. The use of
power for irrigation purposes is hmited because of high power costs
and relatively low crop values.

Settlement in the basin began in 1807 with the establishment of a
trading post at the mouth of the Big Horn River., For many years
trapping and hunting were the sole occupations of the few white
men in the basin.

Agriculture in the basin began with the establishment of the great
cattle ranches about 1870. Between 1870 and 1890, hundreds of
thousands of head of cattle were trailed northward from Texas to
Wyoming and Montana. This was the era of the open range, which
served to establish the livestock industry in the Yellowstone Basin.
The first railroad, the Northern Pacific, was completed in 1882, and
with it and the other rail lines that followed came a rising influx of
settlers that continued until 1917. During this time, great portions
of the arable range lands were taken up under the Homestead laws,
and farmers began to crowd out the cattlemen. Dry land farmi
was expanded from 1906 to 1920, under conditions of high rainf:ﬁ
and high prices. Drought caused repeated failures, and dry land
farming declined. Large areas were abandoned, and whole com-
munities depopulated. Much of this abandoned land is now being
returned to grazing use, for which i1t i3 best adapted.

Irrigation in the Yellowstone Basin began in the late 1860’s, near
Lander and Billings, and gradually increased as settlement progressed.
This early irrigation was chiefly ?or the production of livestock.feed.
The greatest expansion of irrigation took place between 1900 and
1920, during which period nearly all of the existing projects were
developed. More than a million acres of land are now under irriga-
tion in the Yellowstone River Basin.

At present, agriculture in the Yellowstone River Basin is centered
about irrigation farming and livestock production, with dry land farm-
ing of minor and diminishing importance. This resuits in a higher
degree of economic stability than has heretofore been attained in this
region.

Yellowstone River.—Irrigation projects on the main stem of the
Yellowstone River contain a total irrigable area of 310,200 acres, of
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which 236,500 acres were irrigated in 1940. These are distributed as
follows:

e | i
Location n{ﬁ'ﬁm land under Total
oxisting
works
Mmi'i:.ﬁ?v;nt Park to Miles Cit 81, 200

ons Par ). S — 181, 27,000 200
Miles City toState Line... . ____ ... 40, 000 41, 300 231&.300

BUubbota) . . e e —m o —————— 22,200 300 289,
NOrth DBROA . ettt e m e = 15. 30¢ eg.' 400 20, %
Arand total et e mmn 236, 500 73, 700 210, 200

Between Yellowstone Park and Miles City, two projects of 10,000
and 3,000 acres have been constructed by the Montana State Water
Conservation Board, one of 1,100 acres by the Department of Agricul-
ture for the Fort Keogh range experiment station, and the Huntley
project of 30,000 acres by the Bureau of Reclamation. All others have
been constructed with private capital.

A project of 3,500 acres, called the Lockwood project, adjoining the
city limits of Bijlings, pumps its water supply from the Yellowstone
River in two lifts of 60 and 100 feet, and the Fort Keogh project near
Miles City pumps its water supply through a 50-foot lift. All others
are gravity ditches, diverting water from the river by low diversion
dams or single head gates. No smﬁe has been provided, and no
serious shortages have been experienced.

Over one-hslf the total irmigated srea along the main stream is
within 30 miles of Billings. That area has become the most highly
productive and diversified area in the Yellowstone Basin. No long-
time records of production are available on the irrigated area, except
for the Huntley project, which was constructed by the Bureau of
Reclamation. During the period 1928 fo 1943 inclusive, the average
annual cash value of crops, exclusive of livestock and livestock
products, was $35.40 per acre.

Between Miles City and the mouth of the river there are six projects
in opelra.tion as follows, none of which has been built with private
capifal:

P Approzimate total irrigable area

Name Acres
BinSey . o e e e mncemaee e a——n 7,200
Buﬂ‘ali; Rapids:
DAvIBION L. o e ma e mmmmc e m———— 18, 000
DiviSioD 2 e i oo e e eea e 13, 600
Lower Yellowstone. - o v oo ccccemcccacmccccm e 157, 200
SNy - e eeaietaacimmmmnmmac e crianmen—nae 5, 300
b7 T . S U £ 700
7N U U 102, 000

1 All of the Sioux and 19,600 acres of the Lower Yellowstone project are in North Dakota.

The Lower Yellowstone project was constructed by the Bureau of
Reclamation in 1906. This is the only gravity project in the group,
and until 1937 was the only irrigated area below Miles City. all

others are pumping projects. _
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Although water has been available for practically all of the lower
Yellowstone project since 1910, much of the land was dry-farmed until
1932, and crop values were always low The area dry-farmed con-
tinued to decrease as subnormal rainfall occurred until, in 1935 and
ever since, no land has been dry-farmed. In the meantime, the irri-

ated area was expanded. The average crop values by 5-year periods
rom 1928 to date, are as follows:

Crop value Crop value
Period: per acre | Period—Continued, per acre
1928-32. e a- $28. 02 193542 . e 39.03 -
193337 e & 34. 25 1943, e Ceeee 59. 29

Construction of the Buffalo Rapids project was begun in 1937 by
the Bureau of Reclamation. The first two divisions are now in opera-~
tion, under the Farm Security Administration.

The Kinsey project was constructed by the Farm Security Adminis-
tration in 1937, the Sidney project by the Montana State Water Con-
servation Board in 1938, and the Sioux project by the North Dakota
State Water Conservation Commission in 1939.

Clarks Fork Basin.—Irrigation development in the Clarks Fork
Basin now totals 132,000 acres, of which 11,360 acres are in Wyoming
and 120,640 acres are in Montana.

All of the 42,100 acres irrigated from the Clarks Fork River are
served by many small privately constructed ditches and canals, divert-
ing by gravity, and utilizing simple structures of low maintenance cost.
There 18 no shortage of water for present irrigation.

The area irrigated from tributafly streams, also, is served by small
private and cooperative ditches. 'The water supplg' is generally ample
except on Thiel, Hogan, and Cole Creeks, which experience severe
shortages. Supplemental water is furnished to lands along Rock Creek
from Glacier Lake and Cooney Reservoirs, which were constructed in
1937 by the Montana State Water Conservation Board. The com-
bined ca;ﬁa.cit.y of the two reservoirs, 31,700 acre-feet, is ample to meet
nearly the supplemental water requirements of the lands along
Rock Creek.

Part of the area irrigated in the basin of Red Lodge Creek, a tribu-
tary of Clark Fork, obtains water from East Rosebud Creek, a tribu-
tary of the Stillwater River.

lg'ig Horn River Basin.—The Big Horn River Basin is topographi-
cally divided into three sub-basins, called in downstream order the
Wind River Basin, the Big Horn Basin, and the Lower Big Horn Basin.
The area under developed projects in each sub-basin is as follows:

Additiona)
Area ir7i irrigable
Name Btate B | st | Tota!
{acres) system
(acres)
T ——— i e W LI
g Horn Mo e c s me et s r et rd = | —— 4 T

Lower Big Horn Basin. - o oenoo oo doo . ... 8, 700 0 8, 700
SUBtOtAl . .o e cmm el auamamamameman 383, 200 189, 200 572, 400
Montana.. ... 79, 300 12, 000 91, 300
G Y RS SV [ 2,500 | 201,200 ’ 663, 700

767458 0—4T—-4
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Wind River Basin—Irrigated and polenticlly irrigable lands under existing projects

(acres)
rrgated | S onaind | Ultimate
ga 0T | ares un

Stream in 1940 | existing | oxsting

works 1 projects
WiInd RIVRr. _ooooooooooooe e 68, 600 80,700 | 149,300
Little Wind River and tributaries . el 17, 500 18, 500 3;,.’ 000
Popo Agie River, main stream 1, 800 800 2, 400
Littla Po Agﬁe RIVOr. o 2, 700 0 2, 700
Middle Fork Popo Agie River 7, 106G 100 7, 200
North Fork Popo Agie River____.__. 5,100 160 5,200
Baldwin Creek 1, 400 100 1,400
B 200 0 000
2,100 0 2 100
9060 300 L, 200
1, 100 1, 800 2,700
I, 700 [¢] 1, 700
B SO 114, 900 99, 900 210, 800

1 Includes minor areas of land previously lirigated.
1 Includes 65,300 scres of irrigable land under the Rjverton project, authorized for construction but for

which distrtbution system has nnt been built,
¥ Above Thermopolis.

Probably the first irrigation works in the Big Horn River Basin
were those constructed along the Popo Agie River, in the vicinity of
Lander, by pioneers, in the late sixties. Private developments
progressed steadily until 1920, when all present systems were com-
pleted. The ditches are numerous, but are generally relatively small.
The Wyoming No. 2 canal, largest private project, was built 1n 1906.
It serves an irrigable area of a.Eout 12,000 acres. _

Government construction within the Shoshone Indian Reservation,
which was established in 1868, began in 1873, in the vicinity of Fort
Washakie, but progress or irmgation systems for the Indians during
the ensuing 30 years was slow. In 1904, all of the area outside the
present reservation boundaries was ceded to the United States. With -
the money received from the sale of these lands, more extensive
developments were undertaken within the diminished reservation.
Five units are now in operation, comprising an ultimate irrigable area
of about 50,000 acres.

Construction on the Riverton project was begun in 1920 by the
Bureau of Reclamation. It is the largest single project in the Wind
River Basin. Most of the irrigable land south of Five Mile Creek is
now under irrigation, amounting to about 35,000 acres. A concrete
diversion dam on Wind River, about 35 miles upstream from Riverton,
diverts water into the Wyoming Canal. The Bull Lake and Pilot
Butte Reservoirs provide a total storage capacity of 182,000 acre-feet.
Incidental electric power is produced at the Pilot Butte power plant.

Second in importance in this sub-basin are the Office of Indian
Affairs projects, which, when fully developed, will include about one-
fourth the ageregate area, roughly equal to that of private enterprises.
The latter comprise more than 100 ditches and canals, serving areas
of 20 to 13,000 acres (ultimate irrigable), and averaging about 500
acres. Private enterprises and Indian Service lands depend almost
entirely on direct-flow diversions from the streams. )

The Big Horn Basin, central sub-basin of the Big Horn River, will
have an area of 352,900 acres irrigated under existing projects, when

fully developed.
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Big Horn Basin—Irrigated and irrigable lands undér existing projects {(acres)

New land l Ultimabe

St Irrigatad under atea ander
in 1940 existing existing

works | projects

Bhoghone RIVEr e 125, 000 1 69, D00 1194, 508
Oreybull River. . . ciiecmmmeaan- 40, 000 13, 000 53, 00
Qooseberty Creek .. e ————— 2, 500 2, 400 5.200
Cottonwood Creek 6, 400 0 6, 400
Wl Creel . .t eae—en—n 19, 700 300 10, GO0
Howood Creek .o oo e etam et vena 15, 900 1, 400 17, 300
Bhell Creek e m e iaeaimestmm s 12,800 1, 800 14, 400
Blg Horh RIVer. oo ectaaremam e mm e 51, D00 1, 600 52, 600
T ST 263, 600 I 80, 300 282, 900

1 Includes amall nreas of land previously irrigated.
# Includes 41,000 acres of irrigable land under the Heart Mountain division of the Shashone project.

¥ 16,300 acres dependent on Owl Creek have been [rrigated in some years.

Irrigation development in this basin first began with small private
projects along Owl Creek, about 1880, and was well under way on all
streams by 1890. Larger developments, under the Carey Act, began
about 1900, and were continued to include nine such projects, of
which three are along the Big Horn River, one on Shell Creek, four
on the Shoshone River, and one on the Greybull River. They range
in size from 4,000 to 20,000 acres, and embrace a total of about
117,000 acres. Most private developments were completed about
1920,

Present irrigation in the Big Horn Basin may be roughly divided
into three %eneral categories with respect to location; developments
along the Shoshone River, along other tributaries, and along the
main stream.

Shoshone River developments consist of the Shoshone project and
several private projects scattered along the river, both above and
below that project, with largest areas in the vicinities of Cody and
Lovell. There have been no water shortages on this stream. The
Shoshone project is one of the oldest developments of the Bureau of
Reclamation. Shoshone reservoir provides storage regulation of the
Shoshone River for project use and for power production. Water
was first delivered to irngable lands of the Garland division in 1908,
and the reservoir was completed in 1910. The project now has four
divisions in operation, with areas as follows:

Area in acres

Additional
Division Irrigated | lrrigable Tatal
land
Qarland . e e emammecam e 33, 470 8, 430 900
Franmle ... e eeiemectcmme— e 13, 780 6, 220 %, 000
Wilwood .. e eieemcm e e e 10, 450 1, 350 11, 500
Heart Mountain_ .. . . ecmmcmmaa- 1, 200 39, 800 41, olw
OB et e v e e e m e 58, 900 55, 800 114 AW

The Garland and Frannie divisions, north of the Shoshone River,
are served by the Garland canal, which diverts from the river at the
Corbett Dam. The Willwood division, on the south side of the river,
opened for settlement in 1927, is served by the Willwood canal,
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which heads at the Willwood Dam. Irrigation deliveries started in
1943 on the Heart Mountain division, which is north of the Shoshone
River, between the Shoshone Reservoir and the Garland division.
It is supplied by means of a 3-mile tunnel under Cedar Mountain,
and a large pipe line across the river.

Developments on other Big Horn River tributaries embrace scat-
tered areas or narrow sirips in the stream valleys. Projects range
in size from small tracts of a few acres to as much as 20,000 acres.
Practically all of these areas depend on direct-flow diversions, but
some storage has been undertaken. Although most existing projects
are in a pogition to serve additional areas of suitable land, their
primary need is for supplemental water for late-season use. During
the past decade severe shortages have occurred on the Greybull River
and on Gooseberry; Cottonwood, and Owl Creeks, causing abandon-
ment of many farms. Shortages were also reported in the Nowood
and Shell Creek watersheds.

Big Horn River main stream projects depend entirely on diverstons
from direct flow. All projects are developed to include practically
all possible areas of suitable land. Reported serious water shortages
on lands irrigated were analyzed by comparing stream flow records
at Thermopolis with estimated daily irrigation requirements for the
48,500 acres irrigated in 1940, allowing a peak rate of demand of one
second-foot of water for each 55 acres throughout the month of July.

Big Horn River——Irrigation water shorlages—Thermopolis to Kane (acre-feet)

Month and year 1831 1933 1834 1935 1938 1937 1939 1940
B 1) 1T PRI R HpSm—— i, B O P I N 1,520
Jaly.. ..o I 2180 |S 2 13,700 |- TEIITTNIITTT 4380°| 10,300
August 650 | 3,080} 1,540 201 2,690 41 ) 12,930
Total . e mman 2,130 650 | 17,510 { 1,540 201 2690 5180 | 14,750

1 Amount purchased from Bull Lake Heservoir,

The lowest run-off during the period 1931 to 1940, inclusive, occurred
in 1934. It was probably the lowest in more than 50 years. The
shortage shown above for August of 1940 is the amount purchased to
supply the Lucerne pumping plant of the Owl Creek irrigation district,
which has the latest priority. In addition, twe ditches with late
priorities, on Wind River, purchased a total of about 10,000 acre-feet
of water from Bull Lake Reservoir. It is concluded that, under
present conditions, storage developments are not seriously needed for
any lands now irrigated from the main stream, but additional storage
wi[‘lr be required for future increases in irrigated acreage in the Wind

River and Big Horn Basins.

Lower Big Horn Basin—Irrigaled and polentiolly irrigable lands under existing
projects (acres)

Ultimate area
Stream Irrigated lu 1940 i‘:g&:‘;ﬂ‘;ﬂ;’ under existing
projects
Blg Horm RIVEr oo o e 51, 100 10, 400 1, 500
Little Horm River . - oo e mae 35, 100 1, 600 36, 700
Boap Creek . e 1, 800 0 1, 800
88, 000 12,000 100, 000
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Irrigation in this subbasin was pioneered by the Office of Indian .
Affairs with the construction of the Reno dit¢h on the Little Horn °
River in 1885. By 1925, that agency had completed six additional -
canals on the Little Horn River, the seven projects covering an ulti-
mate irrigable area of about 70,000 acres. Reduction in the size of
the Crow Indian Reservation, 1890 to 1904, caused a considerable
amount of irrigated land to pass into private ownership. A few small
private ditches have also been constructed within the reservation.

Big Horn River water is used to supply the Big Horn canal (built
by the Office of Indian Affairs), the Two Leggins canal, and three small
private ditches. The first two canals serve about 80 percent of the
irrigated land supplied by the river in this subbasin. e Two Leg-
gins canal is owned by private interests, but Indian lands thereunder
are supplied under contract. Serious shortages have been reported
on the Big Horn River during the past drought period, caused chiefly
by inadequate diversion facilities. i

About 8,700 acres of the land irrigated in the Little Horn Basin,
from tributaries of Pass Creek, are in Wyoming. The Willow Creek
Reservoir, which provides storage for Lodge Grass Creek, was recently
constructed by the Office of Indian Affairs to relieve shortages on
lands irrigated from that stream and from the lower reaches of the
Little Horn River. This is the only existing reservoir of consequence
in the Lower Big Horn Basin.

Natural flows of Soap Creek, & minor tributary of the Big Horn
River, entering immediately below the Big Horn Canyon, are diverted
by a canal near its mouth to serve 1,800 acres of land above the Big

orn Indian canal. These lands suffered serious shortages during
the drought period.

PLAN FOR FUTURE DEVELOI"MENT

Yellowstone River—Proposed irrigation projects along the Yellow-
stone River are, without exception, located on flood plains or on
terraces rising 25 to 300 feet above the present river level. They are
scattered along the valley in small units, separated by long stretches
of rugged uplands. The river is entrenched in a cut-bank channel
about 15 to 20 feet deep, and is usually bordered by a wide flood plain.
All of the arable bottomland is already developed. Most of it is
irrigated by gravity ditches, a few of which divert water by means of
low overflow dams. The river has an annual fluctuation of about 12
feet, and canals without diversion dams sometimes experience diffi-
culty in diverting sufficient water during low river stages. Construc-
tion of diversion dams on the Yellowstone River is expensive, and is
justified only when & large acreage is to be served. The few potential
projects that could utilize diversion dams are too small to warrant
such structures. Long high-line cansls serving several units are
impossible because of tﬁe.dlﬂ'erent elevations of the irrigable land and
the roughness of intervening terrain. The most practicable irrigation
plan is a series of individual pumcﬁi.ng plants, lifting water directly
from the river, without the use of diversion structures,

Electric power is not now available at the low rates necessary for
irrigation pumping. High-voltage transmission lines traverse the
Yellowstone Valley, except from Billings to Forsyth, this 110-mile
section of the valley now being served only by low-capacity domestic
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lines. The western part of the valley is served by the Montana
Power Co., and the eastern part by the Montana-Dakota Utilities Co.
Existing pumping projects purchase power from these companies at
rates of 4 to 6 mills per kilowatt-hour. Such power purchases will be
eliminated under the plans for the utilization of power to be generated
at Fort Peck Dam, which include Federal transmission of power to
serve all of the Yellowstone Valley below Forsyth, Mont.

Pumping power for the valley west of Forsyth will depend op the
Tongue River and Big Horn River power plants, which are proposed
as part of the future development plan for those basins. The date of
their construction cannot now be foretold.

Proposed projects along Yellowstone River

Irrigabla Irrigable
Project aTea Project ares
{acres) {acres)

Misslonditeh . ..o ... L2 || Colgats . e s cmc e camee 1, 300
Grayelif_ . e as0 |y Btipek ...l e rvan 4, 80O
Covecanalextension_. _____._______.__.. 2,480 |l Intake . i cecemneaa 840
Huntleyextenslon ______.______________. 2,980 || Bavege ... 2,390
Seven Mileflat__.___________________ . 7,500 || Elm Coulee_ ... 1, 800
North Custer__._._____________________. 3,75 || Seven Sisters _______ . . ______..__.____. 1, 800
Hysham . e 7,310 || Bidney extension._____________.____.____. 2,450
Anteloge 11 14,800 §j C | SR 820
North Banders__._.____.._. e 1,470 {
Orineeo. .. .ev oo vavrasmcamccrerrrann- 1,600 Motal e iaaas 95, 200
Chimney Roek . ..o memamcaas 3,650 || Less area now irrigated but included in
Highland Park______.___________._______ 10, 470 abave projects. .. eiccaanaan 2, 200
Hathawey .o remecemccanae 1,770
Fort Keogh. ..o eocccicen 3.120 Netareaof new land .. _._ _.._ 93, 100
Bm-c ________ e e ——————— 2,470 || Dralnage projects. . e 122, 500
B Rapids, third division__________ 13,440 i
Cracker BoX._ .. .oicicimomemcmcaccmaaes 800 Total. e 215, 600

Drainage projects: Seepage on some of the land now irrigated in
the Yellowstone River Valley is becoming a problem of real impor-
tance. Most of the older private projects made no provision for drain-
age, and as irrigation expanded, seepage began to develop, with the
result that there are now nearly 33,000 acres in the valley either
waterlogged or damaged by concentration of soluble salts. 1t is pro-
posed to reclaim this land by the construction of drainage systems,
greferably with repayment provisions like those of the Reclamation

ct.

The Yellowstone drainage project includes 87,200 acres of irrigable
land under existing projects in the Yellowstone Valley, near Billings,
Mont. Of this area, about 27,300 acres have been damaged by
seepage. Half the waterlogged land is totally abandoned, and the
remainder produces poor crops. Some of it has probably already
been permanently lost by heavy salt concentrations. The waterlogged
area is steadily increasing, and nearly the entire project area is threat-
ened. Local efforts to install drainage have met with some success
but a coordinated plan or method of financing has not been developed.
Several irrigation projects are involved, and drainage, to be success-
ful, must include the entire project area, extending protection to the
unaffected land as well as affording relief for the damaged land.

A proposed drainage plan indicates that a total of about 130 miles
of drains, and the lining of several leaky canals will be required for
immediate relief of the land already waterlogged. Extensions of the
drainage system may be necessary from time to time, as new areas of

seepage develop. :



MISSOURI RIVER BASIN 47

The cost of such a project should be borne by all lands in the irri-
gated district, since protection must eventually be extended to the
greater part of the entire area, and the burden of maintaining and
operating the irrigation canals will rest on a constantly decreasing
productive area, in the absence of drainage.

The Custer drainage project includes 35,300 acres of irrigable land
under private projects, located in the Yellowstone Valley between
Custer and Miles City, Mont. About 5,600 acres of this area are
waterlogged and in need of drainage.

Main stream storage: The water supply of the Yellowstone River
has, in general, been ample in the past for all irrigation requirements.
Minor shortages in years of extremely low run-off have been reported
by projects with inadequate diversion works. These cases are rare
and have resulted in little damage to crops. Continued development
of new projects throughout the Yellowstone River Basin, however,
will eventually so deplete the summer flow of the main river that stor-
age will be required to prevent irrigation shortages. Sufficient flow
must be maintained throughout the river to meet domestic and sani-
tary requirements of the farms and communities along the valley.
Residual flows in the lower part of the river must also be sufficient to
avoid harmful concentrations of soluble salts washed from irrigated
soils. Storage of about 150,000 acre-feet will be necessary to main-
tain this flow during the late season of most years, when diversions
for irrigation are heaviest. .

Selection of a reservoir site for the uses outlined above must be
governed largely by practical operating conditions. The Yellowstone
River is more than 500 miles long, and the discharge is subject to
considerable variation from day to day, and at different points along
the river. It would be impossibie to operate a reservoir to meet the
stated requirements with these daily fluctuations. The most practi-
cal solution is the release of sufficiently large flows to meet all require-
ments, with some to spare. Surplus releases will not be wasted as
they will contribute to flows needed on the Missouri River.

The reservoir site best adapted to this purpose is the Mission Site,
on the Yellowstone River, about 16 miles below Livingston. The
Mission Reservoir would have a capacity of 892,000 acre-feet, which
in addition to fulfilling all the above needs, is sufficient to generate
30,000 kilowatts of firm power and to provide flood protection for the
Yellowstone River Valley.

Construction of the Mission Reservoir probably will not be neces-
sary for irrigation for a considerable time to come, as irrigation
shortages developing along the lower Yellowstone River, could be met
with water from a proposed reservoir on the Big Horn River, which
should be constructed first. '

The limit to which development in the Yellowstone River Basin
can procced before providing storage for main-stream irrigation is
not clearly defined. There are minor shortages at the present time
which will gradually increase as more land is brought under irrigation.
The determining factor may not be actual crop losses from water
shortages, but occurrence of excessively low stream flow, causin
difficulty with diversion structures, municipal water supplies, an
sanitation, and a general deterioration of the quality of water. From
this standpoint, storage for main stream use will be required early in
the proposed (ngram of development. The Big Horn reservoirs can
meet this need satisfactorily until the Mission Reservoir is constructed,
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Clarks Fork of the Yellowstone.—Present developments in the Clarks
Fork section of the Yellowstone Basin include nearly all of the land
suitable for irrigation. Only one small project, the Whitehorse
Bench, of 1,500 acres, remains to he developed.

In its Erecipit.ous fall from the Beartooth Plateau to the valley
floor, with an irrigation requirement of only 80,000 acre-feet out of
its annual flow of approximately 500,000 acre-feet, the Clarks Fork
offers exceptional opportunities for economical power development.
The plan of development, therefore, is primarily for power. Many
preliminary plans have been worked out for power production, and it
is possible that a plan superior to the one presented herein will be
developed after more detailed surveys and studies bave been made.

A reservoir of 150,000 acre-foot capacity at the Hunter Mountain
site, a combined conduit and penstock 36,000 feet long, and an in-
stalled capacity of 12,000 kilowatts will produce 71,000,000 kilowatt-
hours of firm power annually, under an average head of 500 feet.
Another reservoir of 130,000 acre-foot capacity at the Thief Creek
site, 15 miles below Hunter Mountain, with a 35,000-foot pressure
tunnel and penstock, and an installed capacity of 60,000 kilowatts,
will produce 350,000,000 kilowatt-hours of firm power, uander an
average head of 1,250 feet. A reservoir of 40,000 acre-foot capacity
on Sunlight Creek, 5 miles above its junction with Clarks Fork River,
with a conduit 48,000 feet long, and an installed capacity of 20,000
kilowatts, will produce firm power output of 109,500,000 kilowatt-
hours annually, under 8 head of 1,825 feet. The Sunlight and Thief
Creek power plants are on opposite sides of the stream, about 8 miles
above the mouth of the canyon. By a diversion dam 160 feet high
in the canyon below these power sites, 3 miles of gravity canal and 4
miles of tunnel, and an installed capacity of 30,000 kilowatts, a firm
power output of 166,500,000 kilowatt-hours can be produced annually,
under a head of 450 feet. This combination of four power plants will
utilize practically all of the available fall and water in the stream,
and the resulting outflow will pass on to the Yellowstone River above
all present and future trrigation development. The plan lends itself
to progressive stages for development, as power market increases.

1g Horn River.—Wind River Basin: The basin contains the second
and third largest tributaries of the Big Horn River, namely, the Wind
and Popo Agie Rivers, and contributes more than 40 percent of the
total run-off of the main stream at the mouth.

Future irrigation development is limited by water supplies. Several
of the proposed units are combinations of new lands and lands needing
supplemental supplies. The following units are proposed.

Land to re-
Unit New acros | ceive supple-
menial water
=141 OOV 58,000 n
Little Wind BRiver e oo et i r e e smmamtmamcmew e m e mm—tm e | e m s ———— M, 000

Popo Agle. e 14,700
Hudson banch &, - I
Bhoshomi b e mc e e mmeacmmemcmeemm e W60 .
Bad Water. e herememteemmemmmm—mmtememammaamaen 1, 100 2,700

TOtAl et —m—m e mem——mm s m e mmmn 79, 400 31, 4t

1 Requires pumping from Wind River.
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Five stﬁe reservoirs are proposed, at DulNoir on the main Wind
River, at t Lake, Sorrel Creek, Onion Flat, and Bad Water Creelk,
with a total aggregate capacity of 302,500 acre-feet, of which the
DuNoir Reservoir will have 220,000 acre-feet. No additional power
production is proposed.

Big Horn Basin: With the exception of the Shoshone River, all
tributaries flow through valleys or near areas which contain far more
arable land than can be irrigated from natural flows of these streams.
This has led, on the tributaries, to much over-appropriation of water
since about 1900, with the result that disastrous water shortages
have occurred during the last 10 years. i

All proposed unites will require storage regulation to augment the
summer flows of the streams from which their supplies are derived,
and, with the exception of those on the main stream, all are limited
in extent by available water supplies rather than by any scarcity of
arable land. The ultimate plan includes the following units in the
Big Horn sub-basin.

emental
New Land
Unit Iigsbie | TASEE
(acres) | yand (aores)
Bh: SOOI . . oo emmeam i eceame—s .. r—— 100 5, 200
:i'h o ‘f?ﬁ .......... s_ _________________________________________________ ™ |i1] 30, DOD
DO amaping (i Bty o T T e 20, 000 %%
ey B . . . miirimrEmrerremdmsAetA—asemanan. 5
Shell Cresk m.? ............................................................. 1] 10, 200
Totad. . ... e e e e e e e = —mmmm A mememtevmE . —————— 98, 300 31, 100

‘The largest development in this group, the Shoshone project ex-
tensions, will require considerable readjustment of existing supply
systems. The irrigated area in the Greybuil River Valley, now sup-
plied with water from Sunshine Reservoir, and the irmgable lands
in the Oregon Basin, will be supplied entirely with water from the
Shoshone Reservoir, through canal diverting from Shoshone Canyon
through the Oregon Basin, to the Greybull River. Sunshine Reser-
voir water will, in turn, be diverted to Wood River and then to Goose-
berry Creek, for the irrigation of some 30,000 acres in the Buffalo
Basin area. Four reservoirs, with an aggregate capacity of 185,000
acre-feet, are proposed as follows:

Resarvolr Cmgtm Where used
Oregon Basin . ... .. ececeiicmema——a——- 150,000 { Shoshons act ax-
0 tensiony. proj
N L T 15,000 } Owl Creek.
Lada Bollbude. . ... ... e certim e aaan 7,000 ; Palnirock.
Red Guleh. .. i eaiaceemetetcme e m———nn 13,000 { Shell Creek,

The proposed Boysen Reservoir, of 730,000 acre-foot capacity, is
at the upper end of the Wind River Canyon, on the main stream.
~ This reservoir will provide sufficient capacity to desilt the stream, and
to supplement the natural flow along the main stream in Wyoming and
in the Lower Big Horn Basin in Montana. The Boysen Reservoir is
one of the key structures in any solution of the interstate water con-
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troversy between Montana and Wyoming, and should have first con-
sideratéon in major developments. Discharge from the Boysen
Reservoir will be so ated as to produce firm power, and, in so
doing, provide ample flows throughout the summer season for all
irrigation needs in the Big Horn sub-basin. The average annual
run-off at the Boysen Reservoir site during the past 10 years was
953,000 acre-feet of water, with a maximum monthly discharge of
300,000 acre-feet, and a minimum discharge of 25,000. After all
upstream development, the minimum annual disc e will be re-
duced to 702,000 acre-feet, with a maximum monthly flow of 149,000
acre-feet, and a minimum of 58,000 acre-feet, the latter being more
than twice the })reaent minimum flow,

Regulation of the reservoir, based upon run-off forecasts from snow
surveys, will permit the reduction of flood flows such as have oocurred
in the past to safe channel capacities.

Lower Big Horn Basin: Proposed developments are limited to
svitable land which can be served from the Big Horn River and to the
water supply available in dry years in the Little Horn watershed.
New lands aggregate 64,000 acres, and supplemental supplies for
16,600 acres are planned.

e eat development is the Hardin project, at the lower end of
the Big Horn Canyon, most of the area lying on benches above and
west of the present irrigated area. The other six units are in the
Little Horn watershed. Two of them will require pumping.
reservoirs are proposed, two in Big Horn Canyon and one on the Little
Horn River.

The Kane Reservoir of 750,000 acre-foot capacity, at the upper end
of Big Horn Canyon, is planned to serve ultimately as a reserve silt
storage and for flood control and power development. The Yellow-
tail Reservoir, of 470,000 acre-foot capgoity, is a combination power
and irr"ﬁation diversion dam. It is to be built of sufficient height to
utiliz of the available fall in the lower canyon for power purposes.
Diversion for the Hardin project is required at an elevation of 125 feet
above the stream bed at the damsite. Flows from both the Kane and
Yellowtail Reservoirs will be regulated to produce firm power. At
the same time, they will furnish adequate irrigation water for all re-
quirements on the river below them. A power plant at Kane will
have an installed capacity of 30,000 kilowatt-hours, and one at
Yellowtail 75,000 kilowatts. Below Yellowtail, the average annual
disch over the past 10 years has been estimated to have been
2,137,000 acre-feet, with a maximum monthly flow of 646,000 acre-feet
and & minimum of 68,000. After all upstream development has taken
place, the annual flow will be reduced to 1,560,000 acre-feet, with a
maximum monthly flow of 329,000 and minimum monthly flow of
87,000 acre-feet.

River—Limited water supply on Tongue River in Wyoming
precludes additional irrigation there. A proposed reservoir of 25,000
acre-foot capacity on the south fork of Tongue River, together with
existing reservoirs on other tributaries will afford sufficient, regu.lation
to furnish supplemental water to 38,000 acres now irrigated. Physical
characteristics of the upper Tongue River Basin are in many respects
similar to those of Clarks Fork of the Yellowstone. In passing from
the high plateau area of the Big Horn Mountains to the Valley floor,
the Tongue River affords opportunities for the development of power,
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but such development is limited to seasonal output, as the require-
menta for irgigation preclude wintertime power production.

South Fork Reservoir, together with a low-pressure pipe line 15,000
feet long, & 2,500-foot penstock, and an installed capacity of 25,000
kilowatts, will permit the anoual development of 55,000,000 kilowatt-
hours of seasonal secondary power particularly adapted to meet the
demands of irrigation pum%in%; Combined requirements of all pro-
Eﬁsed pumping projects in the Yellowstone River Basin are 51,282,000

lowatt-hours annually.

Arable areas below Tongue River Reservoir in Montana lie in small
tracts of from 100 to 500 acres along the meandering river bottom.
Diversion dams for individual tracts are impractical. The plan of
development provides for the irrigation of 26,000 acres of this land
by the use o}) 67 small pumping plants distributed along the river,
over a distance of 100 miles.

Powder River —Above the Montana State line, Powder River is
formed by numerous tributaries rising in the Big Horn Mountains,
in Wyommg. Present irrigation development lies along the foothills
adjacent to the mountains, and utilizes a complicated, extensive,
interlaced system of private ditches, diverting the water from one
- tributary to another n such a manner as to preclude any grouping
of the area into a single, coordinated irrigation system. Below the
Montana line, the valley has characteristics similar to the Tongue
River Basin, and must be developed in the same manner. Proposed
irrigation projects in Wyoming include 44,460 acres of new land and
supplemental water for 47,050 acres of land now irrigated. The
above-mentioned area represents the maximum that can receive a
reliable water supply, to be secured by the construction of Willow
Park Reservoir of 9,700 acre-foot capacity, Triangle Park Reservoir of
4,000 acre-foot capacity, Bull Creek Reservoir of 14,000 acre-foot
capacity, Smith Reservoir of 30,000 acre-foot capacity, and Middle
Fork Reservoir of 50,000 acre-foot capacity. Present Lake DeSmet
will be revised to increase its capacity by 44,000 acre-feet. Most of
these rteservoirs will furnish supplemental water to lands already
irrigated in the upper Powder River watershed. In Montana,
42,600 acres of land, lying in the valley floor, between the Montana-
Wyoming State line and the mouth of the river, are to be supplied
by numerous individual pumping plants. The water supply is to be
provided by the construction of the Moorhead Reservoir of 390,000
acre-foot capacity, a combination flood control, irrigation, and silt
storage reservoir. : ,

Shields River—One supplemental water unit is proposed for the
Shields River Basin. It will include a 9,000 acre-foot reservoir at an
off-stream site on Antelope Creek, to be filled by a canal from the
river, Lands along the lower part of the valley, amounting to 8,400
acres, will receive the supplemental supply. The heaviest shortages
occur on tributary streams, notably Rock Creek and Cottonwood
Creek, but the lands affected lie on such high benches that no reservoir
site could be found to serve them.

Sweetgrass Creek.—A 12,000 acre-foot reservoir on upper Sweetgrass
Creek is proposed, to augment an inadequate supply for 12,050 irri-
gated acres in Melville Valley and on Otter Creek. The additional
storage water will permit 8 much needed readjustment of present water

uses in the valley.
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Nousdditional units are proposed on the remaining  tributaries of
the Yallowstone such as the Boulder, Stillwater, Pryor, and Rosebud
Creel& either because water supplies are now sufficient and no more
g:v; lt!ad is available, or because adequate reservoir sites could not

ound.

Summary.—The plan of develogment here outlined for the entire
Yellowstone Basin includes all probabilities which surveys, land classi-
fication, waterwsu’Bﬁly studies, and engineering judgment have shown
to have merit. The sites for 9 of the 27 dams proposed have been
explored by diamond drilling for foundation geology. At others,
test pits have been dug or satisfactory bedrock is exposed in the creek
bottoms and abutments to such an extent as to render preliminary
drilling unnecessary. Collateral engineering, such as canal surv?s
and land classification, has been done in sufficient detail to justify
reasonable confidence in the results. On the whole, the plan is believed
to represent a development adequate for basin needs for many years
to come. Detail studies will show minor modifications to be desirable,
but the plan as a whole will probably not be changed materially.

The following tables summarize the plans, the areas to be irrigated
and furnished supplemental water, the reservoirs and their capacities,
and the multiple purposes of various features of the plan.

Summary of proposed irrigation and drainage units (acres)

Bupple- | motgy
Unit New iand| mental | Total area
water benafited
Yellowstone River—Main stem:
Mimsdon Diteh. . . iccrccmrecc—imnaa 1, 280 1] 1. 280
........................................................... 350 8 350
Cove Canalextenslon...__ .. . iieeermceaea- 2, 460 0 2, 460
t.% .................................................. 2, 960 0 2,900
Beven MOe Flab. .. oo deicaccccarnerannn 7, 500 0 7, 500
North CRster . . oo i oo ie e it 3, 750 1] 3,750
F .+ WU 7,310 8 7. 410
Antelope Plat. .. ..o icamcaencmaena- 14, 600 [ 14, 800
North Sanders. . ..o e eeccccdecccctaacmesmsammacaas 1, 470 1] 1, 470
............................................................. 1, 600 ¢ 1, 600
Chlmmey ROtk . oot eam e e maaa 3, 650 1] 3, 650
Highland Park . ... e mmnaaeas 10, 470 0 10, 470
HataWaY. e ceiereeeceemamsimeciateramana 170 0 170
B K oml 8
............. 2.4

Buffalo Rapids, third divislon .. ... 13, 440 0 13, 440
ok o a8
B o e ei et mras v mm e am et 4,800 ] 4. 800
............................................................. 840 0 840
e m e oy k£ % A mema o AmmAmmssEemmmmmEsammmm—mem—e 2,390 Q 2,30
B oI . o iemimamcmemm e a————— 1,800 ] 1, 800
rum Bistery__.__..._ 1, 800 0 1, 300
P OEEOEEIOT . . ee et 2.3-;3 g zg

Cartwrlght .. i eismrmmnmmea——-
Blllings drainage ... ... .. e imrcciamam——naaa 0 0 1 54, 400
Coster drainmge. ... ... .. .. . ciecciaiieccsememeema—a- 0 a t 35, 300

Big Hom River Basin:

........................................................... 56, 000 0 56, 000
Litthe Wind RIvVer. ... ... e ciasanen 0 34,000 34, 00G
Popo Ade RlIver.. ... aicieaa. a 14, 700 14, 700
Hnodsom Benoh . . i mmeaeememte e van 5, 700 o 5,700
Bhoshom. oo e ememmmmem—m——maeas 186, 600 0 16, 600
Badwater .. e 1,100 2, 700 3, 800
Shoahone project eXtension... ... ... .. iiieiiamiaem—a—aaa 76, 100 5, 200 81, 300
Owl Creek . e eaimmamaaesameray 14, 400 14, 400
Paintrock. . 2,700 4, 000 8, 700
Shell Creek. .. ....... 0 10, 200 10, 200
BigHompumplng. ... e 20, 000 [1] 24, 000
¢, R 45, 000 1, 800 46, 800
Little Horm. . e e aeiemaeaas 0] 14,80 14, 800
Custer Bench. ... i iiimmmemmeroemecaaaeao| 1L 400 0 11, 400
Wyoln.. ... - 3,600 0 3, 600

1 This ares is irrigable land under existing prolects that will have to be drained before it can be irrigated.
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Summary of proposed irrigation and drainage units (acres)—Continued

Supple- Total
T v ] ares
Unit New Iand J;?i::l ben M
Big Hotn River Baaln—Continved.
toen Flat 1, 600 ¢ 1, 600
1,200 0 1, 200
1, 200 ¢ 1, 200
1, 500 0 1, 500
6] 38000 38, 000
26, 100 1] 245, 100
0 9, 600 9, 600
0 10, 400 10, 400
9, 00 &, 900 16, 300
0 3,85 3, 856
10,400 4, 400 16, 800
17, 700 0 17, 700
8, 5,050 11,910
42, a 42, 600
0 8, 400 8, 400
2L a5 17 11 S et e e 0 12, 100 12, 100
Riverton extenaion. . ... .o oo eaeieaennrm————— 57, 500 0 57, 500
B TR P 1 500, 560 | 204, 500 & 308, 760
1 An additiona] 218,440 acres remaln to be irrigated under existing projects, and an additional 122,500 sares
will receive sup; tal water from existing projects.
1 Ineludes Drojects.
Proposed reservoirs
Total
Reservoir Stream Unit served s Puarpose
¥
Acrefeed
Mimloa............. Yellowatone River. .| Main stream_. . __._ 890, Powe:;‘) lirrizmon. flood
control,
Boysen__........... Blg Horn River..___.. Big Horn and Yallow- | 730, 000 , powar, ailt,
stone, flood control,
Enne ...l do . . e do Do.
Yellowtail. ....... }..... P T Do.
DuNeir. .......o..- Wind River._._.._._.. Irrigation, fiood control
Raft Lake_ _._._..__ North Fork Little Do. .
Wind River,
Boral Creek. ... Popo Agle River_ . _. Do.
Onicn Flat. . ... Tribu of Little Do.
Wind River.
Badwater . _....._. Tribu of Bad- Do.
water Creek.
Shoshone River, off- Do.
stream.
South Fork of Owl Do,
Creek.
.| Palntrock Creek..._.. Do.
Shell Creek, offstream . Do,
Little Horn River___.. Do.
Shields Rivaer, Do.
offsiream.
Sweetgrass Creek. . __ Do.

Clarks Fork...__

Moorhead...._____.
Total for 27 reservoirs

der River.
Powder River_._

- Sunlisht Creek.... ...
Bomh Fork of Tongue

River,
Sogth Fork of Piney

Creek.
Bouth Fork of Rock

Cresk

Fork of Powder
River.

Middls Fork of Pow-

Power, ln'izntton. flood
gontrol

Do.
Power, flood control,
lrrizauon. power, flood
control.
Irrigation.
Da,
Irrigation, flood control
Irrigation,
Irrigation, flood control
Irrigation, flood, silt,
Do,

1 Increase in present capacity.
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‘Summary of proposed development, by States
IRRIGATION CE DRAINAGE

Neow lands ment:l Total .l:l-
{rrigated A benefl;
furniah

Acres Acres Acres

MOBEIDE - oo mvecevaesneamsamsasnsmas s nmam e s e nns wmoao | 'HINL awsow

NOTED DRKOIA. ... ccoewemmnrmmanessmencesscnsacns setemeassancs 2,270 0 2,779

‘Wyoming e am s m . oSS S m e d e mmmsumvenTeteatannnnn 250, 080 167, 400 47, 40

Total. .. et eemaeneareana oo aneme et et e s 500,560 | 206,200 | 03,760
RESERVOIRS

Acr;aait

MODERDS . . . imacaa i eeo s mm—m e mammetatamereata—rE——————————— 4 L 000

YOG - oot cce e sammemeeecmeatedteseman--mmmensanseasesenn <] 2523, 20
B L 2S-SR Y 7 4, 385, 200

Nume Installed | Aunvual firm
kilowaits | production
ZiUowait-
Montans. Mission._ 50,000 { 263, 000, 000
w T "7 Yelowtadt oI TIITTIIIIII I {&% %%%
yoming . mi ol sgooe | 139,200, 000
Hunter Mountain. . ... _.._. 13, 000 71, G0G, 000
Thief Creek. ... ..o amimimiaecaan 40, 000 350, 000, 000
Bed Ridge o2 T 30,000 | 168 50,000
_ Tougue River._______.__ .71 2500 41,000,000
Total (9) - cvenivmmnasinansmanns] mewemremaveamctasmome e mm i m e 312,00G | 1, 508, 200, 000
1 Drainage.

Upper Missouri River Basin
A
FOREWORD

The Upper Missouri River Basin is defined as that part of the
Missouri River Watershed lyinﬁkin Montana and the Dominion of
Canada above the mouth of Miuk River, one of the principal tribu-
taries of the Missouri River. Milk River drains 7,690 square miles
in the Provinces of Saskatchewan and Alberta, in Canada. The use
of its run-off, together with a part of the waters which o te in the
St. Marys River Basin in the United States, and would normally
flow into Canade in the St. Marys River, has beea the subject of an
international treaty that has beea in effect for more than 20 years.

The development of 998,700 acres of irrigated land, and dry farmio
agriculture on 9,800,000 acres of land, has created the greater part o
the present total sssessed veluation of $516,476,000 in the basin.
Practically the entire dry farming area experiences aa average annual
rainfall of 14 inches or less, ana is therefore generally considered as
margiaal dry farming territory. An additional area of 460,900 acres
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APPENDIX V

TrE Missouri RivEr BasiN WaTer UTiLizaTioN PROGRAM AND ITs
Errecr on Fise anp WiLDLIFE

(Report of the U. S. Fish and Wildlife Service, Department of the
Interior)

Unquestionably, the Missourt River Basin water utilization pro-
gram, if consummated, will have profound effect upon the life and
economy of our people, both in this drainage basin itself and through-
out the Nation generally. The extent and nature of its effect—
whether. beneficial or detrimental—will depend upon the program
asdopted and the manner of its administration. To attain maximum
benefits and minimum loss, it is essential that the program be broad
in scope and judiciously designed for maximum multiple utility.
Fish and wildhfe production and conservation are certainly among
the major public benefits of such a program. Adequate water sup-
plies must be provided to insure a perpetuation of these public values.

A complete appraisal of the cffects of this program upon fish and
wildlife cannot be given until full details are known. It has been but
a short time since the Fish and Wildlife Service was informed of the
program, and even now this Service has only a very general outline
of the proposal. When advised of the proposed program, the Fish
and Wildlife Service sent a biologist ancF an engineer to the Bureaun
of Reclamation offices at Denver, Colo., and Billings, Mont., to
confer with Reclamation engineers and to study whatever plans and
maps were available. On the basis of the limited information ob-
tained, it may be concluded that the effect of the program upon fish
and wildlife will depend upon the character and location of the
various developments and upon the priorities of water allocations.
Without question, fish and wildlife will be benefited in some areas
and damaged in others. The objective, of course, should be to
develop and execute a program that will minimize the damage and
increase the over-all benefits. Because of the importance of the
Missourn River drainage basin to wildlife, this Service is deeply
concerned with this water-utilization program and with any activity
that affects the relationship of water to the land.

The importance of the Missouri River watershed in the manage-
ment of wildlife can scarcely be overestimated. This watershed is
highly productive of all forms of native wildlife, and the upper reaches
of the watershed are considered by this Service to be the most impor-
tant waterfowl breeding grounds in the Nation. This is particularly
true of North Dakota. The map appended {(see Appendix III,
map 58-D-496) portrays the imnortance attached to this production
area, and the extent to which the expenditure of Federal funds has
been made for wildlife restoration work there.

Map 58-D—496 depicts the location and character of the various
wildlife refuges and activitics on the watershed, and it also indicates
somewhat the importance of this area in the production of migratory
waterfow! and other forms of wildlife.

A decade ago, American ducks, geese, and other waterfowl were at
an all-time low in their population.  Public concern over the future of
wsterfowl led to Congressional and other public action, and resulted in
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subst sntial Federal expenditures designed to preserve and restore this
national resource. Major emphasis was accorded the improvement
of breeding grounds through the restoration of marshes and the control
of waters.

The effectiveness of the waterfow! restoration program has been
apparent to all concerned. In 1935 the continental waterfow] popu-
lation was estimated at about 27,000,000, an all-time low. Today
that population is estimated at approximately 120,000,000, an increase
of well over 400 percent in 8 years. It does not seem consistent with
national objectives that this progress shall be unnecessarily injured, or
that projects established on the Missouri River watershed shall be
sacrificed to new construction without replacement of these areas built
with public funds and with sportsmen’s dollars. It does seem evident
that the proposed program should take into consideration all possible
public benefits and should be presented to the Nation as the best
possible proposal for the conscrvation and development of all of the
basin’s natural resources, including wildlife.

Wildlife is a product of the land just as is corn, cauliflower, or cattle.
Maximum production comes only from proper stewardship. It seems
self-evident that our national objectives should be the max mum yield
of all products of benefit to the people, particularly where the people’s
money is being used to finance construction. With proper manage-
ment, upland game and other beneficial wildlife can become abundant
on the Migsouri River watershed, and it is well known that small game
can be produced in substantial numbers in conjunction with agriculture,
if given adequate consideration in the planned manipulation of the
land and water.

In view of all this, no program of the scope and size of the one under
discussion here should overlook the adverse effects of proposed de-
velopments upon productive wildlife projects, nor the possibilities
for beneficial effects upon wildlife as a planned part of such program.
Multiple use is a necessary objective if the program is to have ade-
quate justification and united -support. Ten million sportsmen will
insist that wildlife production be made an integral part of that multiple
use.

PROBABLE EFFECTS OF THE PLAN

Though detailed information on which to base an estimate of all the

effeets of the program upon fish and wildlife is lacking, some predic-
tions are possible. For example, 1t 1s evident that & number of major
Federal wildlife refuges will be entirely eliminated or adversely
affected. '
"~ The proposed storage reservoir in the Medicine Lake Valley will
fiood the Medicine Lake National Wildlife Refuge to a depth of 30
- feet or more. This refuge represents a Federal investment of nearly
- $600,000 and is now a very productive ares. The proposed flowage
will bring on such adverse biological changes that the usefulness of
this area for wildlife purposes will be practically lost.

The same situation exists with respect to the Arrowwood National
Wildlife Refuge on the James River in North Dakota. This refuge,
which has already cost the Government more than half a million
dollars, will be inundated to a great depth by a proposed reservoir;
the utility of the Arrowwood as a wildlife area will be completely

eliminated. _ ; e
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Thre greater portion of the Des Lacs National Wildlife Refuge in
North Dakota—which cost $651,000—will be permanently lost, and
the remaining part will be adversely affected, at least temporarily.
The Buffalo Lake and the Dakota Lake National Wildlife Refuges in
North Dakota-—tot-ling approximately $52,000—will be adversely
affected. -

The probable effect upon the Sand Lake National Wildlife Refuge
in South Dakota—which cost $838,000—s undetermined. It 1s
understood that a diversion ditch may be constructed to pass around
this refuge. Such a ditch could be beneficial in times of high water
but may lead to difficulties over water rights in times of low water.

Likewise, the important Lower Souris Refuge—representing an in-
vestment of some $1,300,000-—might be adversely affected inasmuch
as a diversion dam will be placed on the Souris at Simco, upstream
from Lower Souris. The effect that this may have upon the Lower
Souris Refuge will depend entirely upon the.amount of water diverted .
from this refuge and the time that it is diverted.

On the other hand, it appears probable that wildlife will benefit by
the restoration of such areas as Smoky Lake, Devils Lake, and Stump
Lake. In these arcas water levels must be controlied or stabilized to
be of much benefit to waterfowl and other forms of wildlife. These
areas are not now developed for wildlife purposes because existing
supplies of water are inadequate. Their utility for wildlife purposes®
“lfli‘ﬁ by no means be so high as that of the major refuges which will

be destroyed or seriously damaged, but these lakes will ‘be of sub-
stantial size and of considerable value to wildlife. 1t is understood
that the Sheyenne River Reservoir will be more or less stabilized.
If this is done, the area should have value to waterfowl and other
wildlife. Field studies may reveal several development procedures
that will be advisable, if adequate control and jurisdiction over the
water and land can be secured. .

Undoubtedly, a number of smaller areas of value to wildlife will be
restored or created. It also appears feasible to restore or further
develop several larger areas such as Benton Lake in Montana, and
Lake Zahl and Buffalo Lodge Lake in North Dakota. In fact, it
appears probable that other but smaller wildlife areas can be restored
or created throughout the drainage basin, especially along the diver-
sion {flowages tn North Dakota and South Dakota. Detailed study
of proposed impoundments throughout the basin will need to be made.
Such studies are particularly needed in Kansas, Nebraska, Colorado,
Wyoming, and Montana, where great improvenient in wildlife habitat
might be made at minimum cost, provided that a suitable water supply
1s assured for this purpose. -

Such development, 1t is believed, can be effected by the allocation
of limited flowage of water and by the utilization of waste water.
As a matter of fact, it seems probable that if fish, fur, and game are
given their just consideration in this program, the developments can
make an outstanding vontribution to wildlife conservation. and pro-
duetion in the Missouri River drainage basin.

In this connection, attention s directed to the fact that wise utiliza-
tion of water douvs not require that it always he used for irrigation.
[1y the Dakotas, for example, there are today manv marshes that
vield a higher net cash return per acre in fur alone than the surround-

- ing uplands yield in agricultural products. To this return from fur
1 must be added the less tangible but nevertheless real value of fish
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and game and other forms of wildlife. The best use of water—whather
it be for culinary purposes, sanitation, industry, transportation, irri-
gation, for fish and wildlife, or for other purposes—depends upon the
area and the local or national nceds or conditions. It seems very
evident that this whole Missouri River drainage basin program. will
fall far short of its meximum benefits to the peaple of the Nation if
it fails to take full advantage of the potentialities of fur, fish, and game.
The added justification and pu'lic support thus available appear to
have been largely overlooked, but this situation must be promptly
and adequately corrected if the program is to receive the support of
all interests.
EFFECTS ON FISHERIES RESOURCES

~Though 1t has not yet been possible to study the effects that this
impoundment program may be expected to have upon the fisheries,
experience in similar situations and understanding of general biological
principliés malke it apparent that profound changes will result. Many
of these &innges will be sharply antagonistic to the well-being of the
aquatic resources and their contingent recreational assets; however, if
proper planning and appropriate management practices are followed,
many beneficial results may be expected from the program.

It is not unlikely that impoundments in the mountain areas will
destroy many miles of good trout streams by the mere mechanics of
raising water levels, eliminating riffles, and otherwise upsettin
present stabilized conditions that are essential for the successf
maimtenance of such trout waters. On the other hand, lake species
may be favored by a program of impoundment, especially if measures
can be taken, to insure some degree of stabilization during the spawning
season and if an adequate conservation-pool level is maintained. It
would be “helpful.if water levels were permitted to fluctuate only
between certain fixed elevations. o :

The increased shore line and water acresge occasioned by the forma-
tion of pools and lakes, should insure increased fish production.
Moreover, the additional storage reservoirs will certainly reduce
floods and, silting, so that the quality of the water shonld be improved
greatly,;and this in turn wquld favor fish production.” If sections of
free-lowing streams occur below impoundments, they may become
better, streants ‘than formerly because of ‘the desilting action of the
dams above these areas and the diminished threat of floods.

Before flooding, all areas to be impounded should be properly
cleared ;yditching facilities should be provided.whereby low areas may
drain direetly into the main basin, thus minimizing the chance of fish
hecoming stranded during draw-down periods and increasing the
chances of survival. Serious consequences to the fisheries will follow
any program of irrigation that does not include adequate precautions
to prevent the destruction of fish in diversion works. Fish screens
must be installed .to prevent these losses in channels that are only
dead-end courses inirrigated lands. Where strongly migratory fish
specjes.are important, provision should be made for ladders that will
insure free upstrearn passage over dams and other obstructions and
permit the fish to carry on their spawning migrations.

Any program of impoundment on a {ree-flowing stream changes the
aquatic life from ‘stream types to lake types. In some areas this will
be beneficial, as the lake life will be more desirable, and a change for
the good will be effected. If, however, water le vels_-on__;hesp impounded

S
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streams are not operated in the interest of maintaining these lake
{,) es, both lake and stream types will have been dealt an irreparable
oW, [R2
The reservoirs and diversions will change most drastically the pres-
ent flow of the river. It is obvious that these physical changes will
affect the aquatic life of the river and of the lakes, as the character of
any environment determines the character of the life dependent
upon it.
pThe muddy and fluctuating Missouri River is not now very pro-
ductive in the lower two-thirc%s of its course, The dams consfructed
in the plains region should clarify and greatly improve the quality of..
the water; this, in turn, should favor fish production. If conservation
pools are maintained and if reasonable consideration is given: to the
problem of fluctuation of water levels in the reservoirs dyring the
spawning season, the general program should greatly favor both the
commercial and the sport fishery resources of the area.
An intensive fishery study of the entire basin area should be made.

e
NECESSARY. PO LICIES

The importance of the Dakotas and eastern Montana as.a breeding
ground for waterfowl can scarcely be overrated, as this is*the heart’
of the Nation’s production area. Because of this the Fish and Wild-
life Service has here made its heaviest investment and greatest effort
to develop and restore waterfowl breeding grounds. So“great is the
need for nesting habitat in this section that the Service has already
secured every available area of size that could be obtained, together
with water rights to keep the areas properly watered. Therefore, it
must not be concluded that’if this diversion destroys a few major
refuges, others of equal worth readily can be a.cquir_eg.s' Such » con-
clusion is tenable only to the extent tﬁat ‘Hdditional witer may be per-
manently supplied from the diversibn projéct to develop and maintain
the new areas. Certainly no stch possibiliti¥s now exist. - It.must be
borne in mind that-large bodies of deep watér which fluctuate widel
during the season are not conducive tb waterfowl produetion; ins;.eat_f:
shallow, marshy arcas must be supplied if ducks, geese, and fur dani- -
mals are to receive any appreciable benefits. o

Because of the importance of the areas that will be destroyed or
adversely affected by this development program, the Fish and Wildlife
Service, representing the wildlife-conservation interests of the Nation,
must insist that loss of these areas be dily compensated through de-
velopment of other favérdble areas to an equal stage of development:
and productivity, such areas to be tturied over to this Service for ad-
ministration to insure a perpetuation of the program néw in effeégt.
Where public funds are involved, it should be the.policy:not only t6’
do as little damage as possible but also to consider reasonable deyelop-
ment for wildlife resourzes an integral and essential’ part of the.fifo-
gram. | - R
The Coordination Act of 1934 (48 Stat. 401) suggésts this policy.
Section 3 of the Coordination Act of 1934 provides: - : v

{a) Whenever the Federal Government through the Bureau of Reclamation or
atherwise, impouids water for anv use, opportunity shall be given to the Bureau -
of Fisheries and/or the Bureau ¢f Biglogical Survey to make such uses ot the im-
pounded waters for tish-euiture staticns and migratory-bird resting and pesting

areas as are not incensistent with the primmary use of the waters andjor the con-
stitutional rights of the States, In the case of any waters heretofore impounded
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by the United States, thrdugh the Bureau of Reclamation or otherwise, tha
Liurenu of Fisheries and/or the Bureau of Biological Sufvey may eonsult with the
Bureau of Reciamation or other governinental agency contrelling the impounded
waters, with & view to sscuring a greater biological use of the waters not incon-
sistent with thelr primary use and/or the constitutional rights of the States and
make sueh proper uses thereof as are not inconsistent with the primary use of the
waters an/or censtitutional rights ot the States.

(h) Hereafter, whenever any dam is authorized to be constructed, either by
the Fedoral Government itself or by any private agency under Government .per-
tiit, th{':"I¥t1r<1gla- of Fisheries shall he consutted, and before such construetion is
begnn or permit granted, when decmed necessary, due and adequate provision, if
ecenoinieally practicable, shall be made for the migration of fish life from the
upper o the lower and from the lower to the upper waters of said dam by means
ot fish iifts, ladders, or other devices,

Through the Fish and Wildlife Service the Government owns or
controls vater rights on all areas that will be destroyed or adversely
affected by this development program.  Wildlife refuges and manage-
ment areas are ineffective and of Little value without control of their
water supply.  Consequently, it is essential that adequate and per-
petual vater rights be provided at the expense of this water-utilization
prograri.  Without such guaranties the proposed program will have
little to recommend it from the viewpoint of wildlife. It should be
realized that these wildlife benefits are not only of local value but are
nationsl in churacter as well.

CONCLUSIONS

The Missouri River Basin water-utilization program has vast pos-
sibilities of either seriously damaging existent wildlife-refuge areas,
built at great public expense, or improving general wildlife conditions,
dependinz upon how it is developed and administered.

To safeguard thesé present proven wildlife values, the program must
guarantee that— '

1. Federal wildlife refuges destroyed will be replaced as nearly
as possible with other areds of equal value, including suitable
improvements and permanent water adequate to meet the needs
of wildlife. In th¢ public interest, it is as important to replace
destroyed marshes and breeding grounds as it is to move rail-
roads, highways, and bridges mow located in the areas to be
flooded. ‘ .

2. Suitable provision will be made to provide adequate fish
screens and ladders, and to do the necessary inttial stocking of
the waters with appropriate spectes of fish.

3. Every major pool must maintain a conservation pool level,
below which the water level cannot go; during the spawning
season every effort will be made to maintain as constant a pool
level as possible.

4. All units or areas of major wildlife values to be administered
by the Fish and Wildlife Service.

“5. Fish and wildlife values to be considered an integral and
essentisl part of this program and given a .‘fai_i' an‘d'-'equit.at_)le
slace in the sllocation. of .water: prioritics.. “ Fish and wildlife
vaiuves therefore must be developed wherever economically feasibie
{hroughout the entire’system.  To this end the Fish and Wildlife
Service stends ready and anxious to assist.

ALBERT M. Day,
Acting Drrector.



