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LETTER OF TRANSMITTAL

WaAR DEPARTMENT,
Washington, May 10, 1933.
The SpeAkER OF THE HoUSE OF REPRESENTATIVES.

Dear MR. SPEAKER: | am transmitting herewith a report dated
May 9, 1933, from the Chief of Engineers, United States Army, on
Little Missouri River, Wyo., Mont., S.Dak., and N.Dak., made under
the provisions of House Document No. 308, Sixty-ninth Congress,
first session, which was enacted into law with modifications‘in section
1 of the River and Harbor Act of January 21, 1927, and under the
provisions of section 10 of the Flood Control Act of May 15, 1928.

The funds available to the War Department under the appropria-
tion ‘Printing and.binding, War Department”, fiscal year 1933, for
the printing of reports of this character, the cost of which is charge-
able to the above-named appropriation, as required by Public Resolu-
tion No. 13, approved March 30, 1906, are insufficient to provide for
the printing of this report.

Sincerely yours,
Geo. H. DErn,
Secretary of War.

v






LITTLE MISSOURI RIVER, WYO., MONT., S. DAK., AND N. DAK.

War DEPARTMENT,
OrricE oF THE CHIEF OF ENGINEERS,
Washington, May 9, 1933.
Subject: Report on Little Missouri River, Wyo., Mont., S.Dak., and
N.Dak.

To: The Secretary of War.

1. T submit for transmission to Congress, my report with accom-
panying papers and illustrations, on Little Missouri River, Wyo.,

ont., S.Dak., and N.Dak., made under the provisions of House
Document 308, Sixty-ninth Congress, first session, which was enacted
into law with modifications in section 1 of the River and Harbor Act
of January 21, 1927, and under the provisions of section 10 of the
Flood Control Act of May 15, 1928.

2. Little Missouri River rises in northeastern Wyoming, flows in a
general northeasterly direction through Montana, South Dakota, and
North Dakota, and enters the Missouri River 1,583 miles above the
mouth of the latter. It is 560 miles long and has an average fall of
4.6 feet per mile. Its drainage basin has an area of about 9,500
square miles. The climate is semiarid, the average annual rainfall
being about 16 inches. The maximum discharge at Medora (for
67 percent of the total drainage area) is 33,700 cubic feet per second,
the minimum 1.9 cubic feet per second, and the mean 651 cubic feet
per second. The area is sparsely populated, the total population
being about 25,000, and that of the largest town, Beach, N.Dak.,
about 1,100. Agriculture and cattle raising are the principal indus-
tries.

3. This river is not navigable. The district engineer states that the
intermittent and extremely small flow during the low-water season
renders its development in the interest of navigation entirely im-
practicable.

4. Areas in this basin subject to overflow are small and scattered,
and, in general, the land is of relatively low value. The district
engineer states that the flood damage does not justify the preparation
of a general flood-control plan. The municipalities of Marmarth,
N.Dak., and Wibaux, Mont. (on Beaver Creek,), are subject to large
damages, and he presents plans for their protection by levees and
cut-offs. The cost at Marmarth, including annual operation and
capitalized maintenance charges at 5 percent, is estimated at $80,700,
as compared to a capitalized average annual direct flood loss of $87,000.
At Wibaux the cost is estimated at $126,700, and protection would
be given to residential and business property valued at about $700,000.
He is of the opinion that both projects are justifiable from an economic
standpoint.

5. Investigations of the district engineer indicate that the most
suitable location for a reservoir for flood control would be at mile
241, near Bullion Butte, where the drainage area is about 5,300 square
miles, or 56 percent of the entire basin. The cost for a reservoir
with a capacity of 320,000 acre-feet is estimated at $4,830,000, or

1



2 LITTLE MISSOURI RIVER, WYO., MONT., S.DAK., AND N.DAK.

$15.10 per acre-foot. If operated for the control of Mississippi River
floods, the reduction in flood heights at Cairo would be insignificant,
and if operated primarily for the control of Missouri River floods,
the stage reduction for major floods at Kansas City would vary
from one half to 3 inches. He considered that these benefits would
be incommensurate with the cost. He also studied the use of this
reservoir for increasing low-water discharge on the Missouri and
Mississippi Rivers for the benefit of navigation, but concludes that
it would be of little value in a series of critical low-water years.

6. Irrigation at present is confined to a total of only about 1,000
acres of land, in tracts of less than 100 acres each. The only oppor-
tunity for any considerable additional development is in the main
valley near Alzada, Mont. A project is outlined by the district
engineer to comprise about 26,000 acres on the westerly side of the
stream, of which, however, only about 3,000 acres in scattered tracts
are suitable for development. The estimated cost, including a
reservoir, is about $568,000, which would entail an annual charge of
$22.85 per acre if financed in accordance with the statutes of Mon-
tana, or $5.98 per acre if developed as a Federal project without in-
terest and with repayments over a period of 40 years. The district
engineer is of the opinion that the soils and climate of the basin would
not justify an annual charge greater than about $2.60 per acre, and
that the project is therefore not feasible.

7. There are no existing hydroelectric plants in the basin. The
district engineer finds that the most favorable potential development
is at the Bullion Butte flood-control reservoir site. A plant there
with an installed capacity of 11,000 kilowatts and costing about
$5,400,000 would have an average annual output, if operated solely
for power, of about 29,000,000 kilowatt-hours, with a cost at the
switchboard of 18.7 mills per kilowatt-hour. If operated primarily
for the control of Mississippi River floods, intermittent secondary
power could be produced at a cost of about 1.7 mills per kilowatt-
hour, if all reservoir costs were charged to flood control. The district
engineer does not consider either plan to be economically feasible.

8. He concludes that under existing conditions the only feasible
plan of development in the Little Missouri Basin is that for the flood
protection of the towns of Marmarth and Wibaux, and that there is
no Federal interest involved therein.

9. The division engineer concurs generally in the views of the
district engineer, but states that the economic justification of the
flood-relief plans for Marmarth and Wibaux is a matter to be deter-
mined by those municipalities.

10. The Mississippi River Commission, to which the reports were
referred, as required by law, states that—

The effect of the construction of storage reservoirs in the Little Missouri River
Basin on the flood heights of the Mississippi River at Cairo would be insignificant
and would have no material effect on the plan of flood control for the lower
Mississippi River.

11. The reports have been referred, as required by law, to the
Board of Engineers for Rivers and Harbors, and its report, agreeing
in the views of the division engineer, is submitted herewith.

12. After due consideration of the above-mentioned reports, I
concur in the recommendations of the Board of Engineers for Rivers
and Harbors. Improvement of this river for navigation is not prac-
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ticable. Flood-control works for the protection of two municipalities
would seem to be justified, if consideration is given to both economic
and humanitarian aspects, but this is a matter for local decision, and
no Federal interest is involved sufficient to justify participation therein
by the United States. The construction and operation of a reservoir
or reservoirs in the basin would be of little value either to flood control
or navigation on the Missouri or Mississippi Rivers. The develop-
ment of the only potential irrigation project of any magnitude does
not appear economically feasible, nor can hydroelectric power be
economically developed at the present time.
Lytue Brown,

Major General,
Chief of Engineers.

REPORT OF THE BOARD OF ENGINEERS FOR RIVERS AND HARBORS
SYLLABUS

The Board of Engineers for Rivers and Harbors is of the opinion that improve-
ment of this stream for navigation, either alone or in connection with power
development, flood control, or irrigation, or any combination thereof, should not
be undertaken by the United States at the present time.

[Fourth endorsement]

Boarp or ExGINEERS FOR RivErRs AND HARBORS,
‘ashington, D.C., April 7, 1933.
The Cuier oFr ENGINEERS, UNITED STATES ARMY:

1. The following is in review of the report on Little Missouri River,
Wyo., Mont., S.Dak., and N.Dak., submitted under the provisions of
House Document 308, Sixty-ninth Congress, first session, which was
enacted into law with modifications in section 1 of the River and
Harbor Act of January 21, 1927, and under the provisions of section
10 of the Flood Control Act of May 15, 1928,

2. Attention is invited to the reports herewith, Whlch contain in-
formation concerning existing and prospective developments on this
stream for navigation, power development, flood control, and irriga-
tion. The reporting officers concur in the opinion that the improve-
ment of this stream for any purpose by the United States is not
advisable.

3. The Mississippi River Commission, to which the reports were
referred, as required by law, states that—

The effect of the construction of storage reservoirs in the Little Missouri
River Basin on the flood heights of the Mississippi River at Cairo would be
insignificant and would have no material effect on the plan of flood control for
the Lower Mississippi River.

4. The Board concurs in the views of the division engineer. There
is no warrant for any improvement of the river for navigation at this
time. Neither power development nor additional irrigation can be
economically justified under existing conditions. Flood-control
works for the protection of two municipalities would seem to be justi-
fied if consideration is given to both economic and humanitarian
aspects, but this is a matter for local decision, and no Federal interest
is involved sufficient to justify any participation therein by the
United States. The construction and operation of a reservoir or
reservoirs in the basin would be of little value either to flood control
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or navigation on the Missouri or Mississippi Rivers. The Board
therefore reports that, in its opinion, the improvement of this river
for navigation either alone or in connection with power development,
flood control, orirrigation, or any combination thereof, should not be
undertaken by the United States at the present time.
For the Board:
W. J. BArDEN,

Colonel, Corps of Engineers,
Senzor Member.

REPORT OF THE DIVISION ENGINEER
SYLLABUS

There are no agricultural lands of consequence which are subject to damaging
floods in the basin of Little Missouri River. Plans for local flood relief are pre-
sented for the towns of Marmarth, N.Dak., and Wibaux, Mont. The question
of the justification of these plans should be decided by affected interests. The
operation of a reservoir or reservoirs in this basin would be of little value to flood
and navigation conditions on the Missouri and Mississippi Rivers. The develop-
ment of the only potential irrigation project of any magnitude would result in
costs greatly in excess of the ensuing benefits. The stream offers no possibilities
for economical development of navigation or water power. There appears to be
no further Federal interest involved. It is recommended that the report be
printed.

WarR DEPARTMENT,
OrricE oF THE DivisioN ENGINEER,
Upper Mississippi VALLEY DivisioN,

St. Lours, Mo., September 30, 1932.

Subject: Report on Little Missouri River, Wyo., Mont., S.Dak.,
and N.Dak.

To: The Chief of Engineers, United States Army.

1. Awuthority.—This report on Little Missouri River, Wyo., Mont.,
S.Dak., and ‘N.Dak., is submitted in compliance with the provisions
of the River and Harbor Act of January 21, 1927, which authorized
surveys in accordance with House Document No. 308, Sixty-ninth
Congress, first session, and under the provisions of section 10 of the
Flood Control Act of May 15, 1928.

2. Description.—Little Missouri River has its source in northeastern
Wyoming and flows in a general northeasterly direction through
the States of Montana, South Dakota, and North Dakota to join
the Missouri River about 1,583 miles above its mouth. The principal
.characteristics of the river are: Drainage area, 9,500 square miles;
length (source to mouth), 560 miles; average fall, 4.6 feet per mile;
and maximum, minimum, and mean discharges at Medora, N.Dak.
(drainage area 6,320 square miles or about 67 percent of the basin),
33,700, 1.9, and 651 cubic feet per second, respectively. The pictur-
esque and colorful Badlands form the most distinctive topographic
feature of the basin.

LOCAL FLOOD CONTROL

3. Flood situation.—The valley of the Little Missouri River contains
only small and scattered areas subject to overflow and they consist, in
general, of land of relatively low value. There are two towns within
the basin that are subject to damage from floods. These are the
municipalities of Marmarth, N.Dak. (mile 306, Little Missouri



LITTLE MISSOURI RIVER, WYO., MONT,, S.DAK., AND N.DAK. 5

River), and Wibaux, Mont. (located on Beaver Creek). As a whole,
the flood losses along this stream are of such a minor character that
general relief measures could not possibly be justified. In view of
this, the district engineer has regarded the presentation of a compre-
hensive plan for the purpose of general flood relief in the ILattle
Missouri Basin as unnecessary. He states that in his opinion the
stream is not ‘“‘subject to destructive floods’’ within the meaning of
section 10 of the act of May 15,1928. In this I concur.

4. Plan for flood control at Marmath, N.Dak.—The district engineer
has, however, outlined plans for flood relief at the municipalities of
Marmarth and Wibaux. In each case protection would be obtained
by the construction of levees, cut-offs, and the installation of pumping
facilities for interior drainage. He estimates that works necessary for
the protection of Marmarth from floods of 100-year frequency could
be built at a cost of about $80,700, including annual operation and
maintenance charges capitalized at 5 percent. However, he states
that if the project were financed by the issue of long-term bonds,
that the total expenditure would be considerably more than that
indicated. The average annual direct flood loss at Marmarth
(period 1908 to 1930, inclusive) is estimated at $4,350, which if
capitalized at 5 percent amounts to $87,000.

5. Plan for flood control at Wibaux, Mont.—The district engineer
estimates that a project for the protection of the town of Wibaux,
Mont., from such an unusual flood as occurred on June 7,1929, could be
constructed at a cost of about $127,000, including annual operation
and maintenance charges capitalized at 5 percent but excluding any
financing charges. He states that the flood of 1929 inundated prop-
erty which has an approximate assessed valuation of about $698,000,
and that the flood hazard at this locality constitutes a serious menace
to human life.

6. Conclusions, local flood-control plans.—In the case of the plan for
the protection of Marmarth, the estimated direct benefits which
would be received are somewhat greater than the estimated cost of
the improvement, exclusive of financing charges, and no considera-
tion has been given to the possible indirect benefits obtainable. The
district engineer is of the opinion that this plan is economically
justified. In the case of the Wibaux plan, while no estimate of the
benefits obtainable from this plan has been made, he believes it to be
justified when viewed from both its economic and humanitarian .
aspects.

7. These flood-relief plans are of local rather than of national
interest. In my opinion their justification should be decided by
the interests concerned before they commit themselves to expendi-
tures for protection. The plans proposed by the district enginer will
be made available to the general public by the printing of this report,
thus enabling affected parties to take appropriate action.

FLOOD WATER RESERVOIRS

8. Suggested Bullion Butte Reservoir—In compliance with the act
of May 15, 1928, the district engineer has investigated the possiblities
of the use of reservoirs in the Little Missouri Basin for the control of
its flood waters. He has selected as most suitable for this purpose, one
potential reservoir located on the main stream (dam site at mile 241)
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which he has termed the “Bullion Butte Reservoir.” This reservoir
would have a capacity of 320,000 acre-feet obtainable at an estimated
cost of about $4,830,000, or $15.10 per acre-foot. The drainage area
at the site is about 5,290 square miles, or approximately 56 percent of
the entire Little Missouri Basin.

9. Effect of Bullion Butte Reservoir on Mississippi River floods.—
Computations made by the district engineer indicate that the prob-
able reductions in the Cairo peak, obtainable through the operation
of this reservoir for Mississippi flood relief, would have varied from
less than one tenth to about seven tenths of 1 inch during the major
Mississippi floods of 1922 and 1929. While no stream flow records
are available in the Little Missouri Basin for other major Mississippi
floods, the indications are that the possible effects of this reservoir
on those floods would have been of a similar magnitude. The district
engineer regards the cost of this reservoir as excessive when compared
to the benefits to Mississippi flood control that might be obtained.
I concur in his opinion.

10. Effect of Bullion Butte Reservoir on Missourt River floods.—
With reference to possible operation of this reservoir for the purpose
of Missouri River flood control, the district engineer states that, if it
had been operated for that purpose during the past 31 years (1900 to
1930), the stages of major floods at Kansas City could have been
reduced by amounts varying from about one half an inch to approxi-
mately 3 inches. He points out that the adopted method of storage
for Mississippi flood relief might be so modified as to store water over
both the Mississippi and Missouri River flood danger periods, but
that such operation would materially decrease the dependable benefits
to both interests. He is of the opinion that the reductions in the
stage of Missouri River floods, obtainable through the operation: of
the Bullion Butte Reservoir for that purpose, would be so small
they could have no important bearing upon a general Missouri River
flood-control plan. In this I agree.

11. Effect of Bullion Butte Reservoir on mavigation.—The district
engineer has treated, in a general way, the question of the possible
improvement of low-water discharges of the Missouri River as a
result of regulating the discharge of the Little Missouri River by
means of the potential Bullion Butte Reservoir. With this reservoir
full at the beginning of the low-water season, an approximate dis-
charge of 1,300 cubic feet per second could be supplied during the
period August 1 to November 30, thereby increasing stages at Kansas
City during low-water periods about 0.2 of a foot. However, due to
the small run-off available, the reservoir could not have been filled
during either of the critical low-water years of 1930 or 1931, thus
seriously impairing its value for navigation purposes. The Mississippi
River, in the vicinity of St. Louis, has characteristics of discharge
during low-water periods that correspond, in general, to those of the
lower Missouri. The district engineer states that the Bullion Butte
Reservoir could be expected to produce a still smaller effect upon the
low-water stage of the Mississippi at St. Louis than upon the low-
water stage of the Missouri at Kansas City. He concludes that the
operation of this reservoir would be of little value to navigation on
the lower Missouri and Mississippi Rivers during a series of critical
low-water years. I concur in his conclusion.
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IRRIGATION

12. Existing irrigation developments.—While climatic conditions
in the Little Missouri Basin are such that irrigation would materially
increase crop production, irrigation at present is confined to a total of
only about 1,000 acres of land embraced in tracts of less than 100
acres in area.

13. Potential irrigation development.—The district engineer states
that the only opportunity for irrigation development in the basin
of continuous areas of considerable size is in the wide valley of the
main stream near Alzada, Mont. He has studied a project in this
vicinity similar to that which the Little Missouri Land and Irriga-
tion Co. proposed to develop as early as 1912. The project, as he
has outlined it, comprises approximately 25,700 acres of land on the
westerly side of the river. However, a detailed soil classification has
shown that only 3,000 acres, located in scattered tracts, are suitable
for irrigation development. Stream flow data show that summer
discharges of the stream are quite erratic and an analysis indicates
that a reservoir would be required to furnish a dependable water
supply to the irrigable land. He estimates that the necessary recla-
mation works, consisting of a diversion dam, diversion canal, reser-
voir, and distribution canal, would cost about $568,000. This
project would necessitate an annual charge of $22.85 per acre, if
financed in accordance with the statutes of Montana, or $5.98 per
acre if developed as a Federal project without interest and with
repayments extended over a period of 40 years.

14. Conclusions, irrigation developments.—The district engineer is
of the opinion that the soils and climate of the basin would not
justify an annual charge greater than $2.60 per acre. Accordingly,
he concludes that no economically feasible irrigation potentialities
exist within the basin. In this I concur.

NAVIGATION

15. Nawigation situation.—The Little Missouri River is not navi-
gable under present conditions. The intermittent character of the
run-off and the sparsely settled country through which the river
flows, render its improvement in the interest of navigation imprac-
ticable.

POWER

16. Existing power developments.—There are no existing power
plants in the Little Missour1 River basin. The only important load
centers, namely, Marmarth, N.Dak., and Wibaux, Mont., are served
by transmission lines from plants located at sources of cheap fuel
supply outside of the basin.

17. Potential water-power developments.—The district engineer
states that the most favorable potentialities for water-power develop-
ment in the Little Missouri Basin are in connection with the Bullion
Butte Reservoir which he has also investigated for control of the flood
waters of the basin. His studies indicate that, if this reservoir were
developed solely for generation of power with an installed capacity
of 11,000 kilowatts, the average annual power output would amount
to about 29,000,000 kilowatt-hours which could be produced at an
average cost of 18.7 mills per kilowatt-hour for all power produced.
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A study of the development of this reservoir, operated primarily for
the control of Mississippi floods and secondarily for the generation
of power, indicated that during two Mississippi flood years (1922 and
1929), an annual average output of about 27,000,000 kilowatt-hours
of incidental secondary power could have been made available. With
all items charged against flood control, except the cost of the power
facilities, the estimated cost of this secondary power would amount
to about 1.7 mills per kilowatt-hour. While this unit cost might
possibly place this output in the realm of economic secondary power,
the conditions on which the estimate is based are most advantageous
and actual unit production costs over a long period would be much
greater.

18. Conclusions, power development.—Based on the unit production
costs indicated by his computations, the district engineer concludes
that hydroelectric power development in Little Missouri Basin,
either alone or in combination with other forms of development, is
not economically feasible. I concur in this conclusion.

PLAN OF DEVELOPMENT

19. Statement of plan.—The district engineer presents a plan of
development for the Little Missouri Basin which he believes to be
the only feasible plan under existing conditions. The improvements
proposed under this plan are flood protection works, as previously
described, for the towns of Marmarth, N.Dak., and Wibaux, Mont.
The district engineer is of the opinion that there is no Federal interest
in these plans on the score of flood control and/or navigation benefits
on the Mississippi and/or Missouri Rivers.

CONCLUSIONS AND RECOMMENDATIONS

20. District engineer’s conclusions.—After giving due consideration
to all the problems involved in the Little Missouri Basin in connection
with flood control, irrigation, navigation, and power development,
the district engineer concludes:

(¢) That Little Missouri Basin is not ‘‘subject to destructive
floods’’ within the meaning of section 10 of the act of May 15, 1928,
and that the preparation of a general flood-control plan is not justified.
That local flood-control works for the towns of Marmarth, N.Dak.,
and Wibaux, Mont., appear economically feasible.

(b) That the operation of a reservoir or reservoirs in the basin would
be of little value to flood control and navigation on the Missouri and
Mississippi Rivers.

(¢) That the climatic conditions existing within the basin are such
that irrigation would materially increase crop production; but that
the development of the only potential irrigation project of any
magnitude is economically infeasible.

(d) That development of navigation on Little Missouri River is
impracticable.

(¢) That there are no potential hydroelectric developments in
Little Missouri Basin which could have costs within the range of
economical development even if suitable power markets existed.

(f) That the only feasible plan of development in the Little Missouri
Basin is the plan discussed under the heading ‘ Plan of Development.”’
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- 21. District engineer’s recommendation.—The district engineer

recommends that the projects for the protection of flooded areas in
Marmarth, N.Dak., and Wibaux, Mont., be adopted by the Depart-
ment as an approved plan for local flood control in the Little Missouri
River Basin, as required by House Document 308, Sixty-ninth
Congress, first session, and by section 10 of the act of May 15, 1928,
and that the report be printed.

22. Views of the division and sector engineers.—The sector engineer,
Lt. Col. R. C. Moore, and I concur in general in the opinions and
conclusions of the district engineer. However, we believe that the
economic aspects of the plans for local flood relief at the municipalities
of Marmarth and Wibaux should be fully considered by the interests
concerned before they commit themselves to expenditures for the
protection proposed by the district engineer. There appears to be no
further Federal interest involved.

23. Recommendation.—The sector engineer and I recommend that
the plan of development outlined by the district engineer be accepted
as a compliance with the provisions of the acts authorizing these sur-
veys and that the report be printed in order that the data contained
therein, collected at Federal expense, may be made available to the
general public.

Geo. R. SpaLpING,
Colonel, Corps of Engineers,
Division Engineer.

[First endorsement]

Orrice CHIEF oF ENGINEERS,
Washington, D.C., October 12, 1932.
To the PresipeNT Mississippi RivEr CoMMISSION,
Vicksburg, Miss.:
1. For comment and recommendation.
By order of the Chief of Engineers:
JouN J. KIiNGMAN,
Lieutenant Colonel, Corps of Engineers.

[Second endorsement]

Orrice PreEsiDENT Mississippl River CoMMISSION,
Vicksburg, Miss., November 30, 1932.
To the CriEr oF ENGINEERS, UNITED STATES ARMY:

1. From a consideration of the report on the Little Missouri River,
Wyo., Mont., S.Dak., and N.Dak., the Mississippi River Commission
concludes that— S

Improvement of the Little Missouri River for navigation is not
practicable. ¢ $

There is no problem of flood control in the basin of the Little
Missouri River with the possible exception of the municipalities of
Marmarth, N.Dak., and Wibaux, Mont., for which the district engi-
neer has presented a plan providing flood protection at a cost which
appears to be less than the value of the benefits to be derived.

The effect of the construction of storage reservoirs in the Little
Missouri River Basin on the flood heights of the Mississippi River at
Cairo would be insignificant and would have no material effect on the
plan of flood control for the lower Mississippi River.
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The cost of further development of irrigation projects under present
conditions would be greater than the value of the benefits to be
derived therefrom.

The development of water power in the basin of the Little Missouri
River is estimated to cost more than the value of the benefits that are
apparent.

2. The Mississippi River Commission recommends that the report
be published for the benefit of those interested.

For the Mississippi River Commission:

H. B. Fereuson,
Brigadier General, Corps of Engineers,
President Mississippi River Commission.

REPORT OF THE DISTRICT ENGINEER
SYLLABUS

1. The Little Missouri Basin is not ‘““subject to destructive floods’’ within the
meaning of section 10 of the act of May 15, 1928. The agricultural areas, subject
to overflow, are small and scattered, and the resulting flood damage does not
justify the preparation of a flood control plan.

2. A plan is presented, involving the use of levees and minor channel changes,
which contemplates the protection of the towns of Marmarth, N.Dak. and
Wibaux, Mont., at an estimated cost of $80,700 and $126,700, respectively.

3. The Little Missouri River flood peaks in the past have not materially
affected the peak stage of the Mississippi River at Cairo. The flow of the Little
Missouri River has very little effect on major Missouri floods. Tentative results
indicate that the operation of the Bullion Butte Reservoir in the Little Missouri
%@sin would be of little value to navigation on the Missouri and/or Mississippi

ivers.

4. The development of irrigation in the Little Missouri Basin is of minor
importance. Existing irrigation is limited to about 1,000 acres of valley lands
in small units of not more than 100 acres each. The development at this time
of any large project within the Little Missouri Basin is impracticable.

5. The erratic and extremely small flow of the Little Missouri, during the low-
water season renders its development in the interest of navigation entirely
impracticable.

6. There are no existing water-power plants in the basin, and no potentialities
exist for future hydroelectric developments.

7. Considerable bank erosion occurs on the Little Missouri but it is of little
importance economically, as most of the erosion occurs in the lower course of the
river, which is through badlands.

8. There is no Federal interest in the flood-control plans for the protection of
Marmarth, N.Dak., and Wibaux, Mont., on the score of flood control and/or
navigation benefits on the Mississippi and/or Missouri Rivers.

9. It is recommended that the proposed schemes for protection of Marmarth,
N.Dak. and Wibaux, Mont., be considered as the approved plan for local flood
control in the Little Missouri Basin required by section 10 of the Flood Control
Act of May 15, 1928, and that this report be printed.

WAR DEPARTMENT,
United STATES ENGINEER OFFICE,
Kansas City, Mo., December 5, 1931.

Subject: Report on the Little Missouri River of Wyoming, Montana,

South Dakota, and North Dakota.
To: The Division Engineer, Upper Mississippi Valley Division, St.

Louis, Mo.

1. Authority for report.—This report is submitted under the pro-
visions of House Document No. 308, Sixty-ninth Congress, first session
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(law by Act of Jan. 21, 1927 (H.R. 11616, 69th Cong., 2d sess.))
and section 10, Act of May 15, 1928 (S. 3740, 70th Cong., 1st sess).
2. The report is divided as follows:
Part I. Physical and economic description of the basin.
Part II. Floods in the Little Missouri Basin.
Part III. Effect of Little Missouri River flow on Mississippi and Missouri.
Part IV. Irrigation and navigation.
Part V. Existing and potential power developments.
Part VI. Bank erosion and silt.
Part VII. Conclusions.
Part VIII. Plan of development.
Part IX. Recommendation.

3. Appendix I' contains maps and charts referred to in the report;
appendix II, tables referred to in the report, except those that are
incorporated in the text; appendix III, description of potential irri-
gation projects; appendix IV % photographs of points of interest.

4. The preparation of this report was preceded by field investiga-
tions covering the entire basin. A preliminary reconnaissance was
made in the fall of 1928 to determine the general situation. A more
thorough engineering investigation of the basin was carried on in
1930, followed by a program of field surveys during the same year.
During the field investigations a large amount of information was col-
lected directly by the reconnaissance and surveys, or indirectly
through contact with Government, State, county, city, and irriga-
tion district officials, as well as private corporations and citizens.
Records and reports of the United States Geological Survey, United
States Weather Bureau, United States Department of Agriculture,
Bureau of Reclamation and other Federal agencies, together with
State and county reports, have been obtained and studied. A public
hearing was held at Beach, N.Dak., on July 20, 1931, to afford an
opportunity for local interests to present their views. Stream-flow
records have been compiled from four gaging stations, which were in
operation when the investigation began, or had been operated in the
past. Two of the four stream-gaging stations were reestablished
during the fall of 1928 by the United States Geological Survey under
the direction of this office and are still being maintained. The field
work was initiated and largely accomplished under the supervision of
J. M. Young, first lieutenant, Corps of Engineers. A portion of the
field work was done under the supervision of H. W. Collins, captain,
-Corps of Engineers. The preparation of the final report was under
the direct supervision of Captain Collins. The principal assistants
were: Mr. G. A. Hathaway, hydraulic engineer, in charge of flood and
stream-flow investigations; Mr. G. B. Archibald, civil engineer, in
charge of both water-power and irrigation investigations; Mr. H. H.
Roberts, civil engineer, in charge of drafting and design; Mr.
L. W. Miller, assistant engineer, in charge of silt investigations; and
Mr. B. V. Reany and Mr. C. T. Barker, associate engineers, in
charge of field investigations and surveys.

1 Only maps 2 and 18, and charts 21-27 printed; see p. 50.
2 Not printed.
179245—83—2
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I. PaysicaL AND EcoNnomic DEScCRIPTION OF THE BASIN

6. Geography.—The Little Missouri Basin includes parts of north-
eastern Wyoming, southeastern Montana, western South Dakota,
and west-central North Dakota, lying between the Powder and
Yellowstone Rivers on the west, the Missouri River on the north, and
the headwaters of the Knife, Heart, Cannonball, Grand, Moreau, and
Belle Fourche Rivers on the east and south. The basin is about 300
miles in length and averages 40 miles in width, with the major axis
in a general southwest to northeast direction. About 720 square
miles of the drainage area lie in Wyoming, 3,440 square miles in
Montana, 590 square miles in South Dakota, and 4,750 square miles
in North Dakota. (See map 1,2 appendix I.)

7. There are 5 major tributaries—Thompson Creek, Box Elder
Creek, Little Beaver Creek, Beaver Creek, and Cherry Creek; and 6
tributaries of lesser importance—Prairie Creek, North Fork, Valley
Creek, Deep Creek, Magpie Creek, and Charlie Bob Creek. (See
map 2, appendix I.) The lengths and drainage areas of these streams
are as follows:

Little Missourt River and tributaries, drainage areas and lengths

Length in miles
Froni1 Drainage
mout. area
Stream ot MLittle 1 (sqllxar)e
issouri miles

stream River to

point on

stream
LittleMHasonel Blvensusus sl vl sergisaopter L Lahgish el el v 560 0.0 9, 500
CHetTy SUreoRi Minc Tupd S e e R s s o L SR A 56 60. 5 357
Beayer Gteok_ o8 il 0 e 120 137.5 793
Beaver CreeR 6t Wibanxt oo oottt 200. 0 311
Medora, N.Dak.__-._._. o 3 187.9 6,323
Marmarth, N.Dak_ . 306. 4 4,724
Little Beaver Creek 2 307.6 633
Box Elder Creek._____ 1 3617 1,239
Balllon Biitls Beservoie S0 . ...l a0 S 3 0 an il pie . ol it 241.3 5, 292
\BFsie ey Ty on i T AR S R ARl S I T S S PR MR B 409.0 1,931
Willow Creek . 42 466. 0 204
U.S. Geological Survey gage near Alzada, Mont 5 PR 467.0 831
ThotnpsonOgesk .l ol T 02 0l an i 3 49 469. 0 180
Alzada, Mont Rl AR 472. 5 640
Ia ety B O M DRI e 1S e N AT, S et SEe R 31 504.0 187

1 Not printed.
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- 8. Topography.—The Little Missouri Basin lies entirely in that
section of the Great Plains Province known as the ‘“Missouri Plateau.””
From the headwaters to the vicinity of the big bend, near the south-
center of McKenzie County, N.Dak., the basin lies in an unglaciated
region, consisting of a series of terrace lands and local badlands,
developed by erosion on an ancient plateau. From the big bend to
the mouth, the river traverses a glaciated region, having character-
istics somewhat similar, except for the presence of glacial sediments.
Furthermore, due to the change in direction of stream flow caused
by the glacier, the present valley throughout this section has been
gouged out entirely through the upland with a consequent lack of
terraces.

9. In the extreme headwater section, the stream flows through a
narrow valley bordered by a semiarid mountainous area, reaching a
maximum elevation of 4,300 feet mean sea level formed by the western
ramparts of the Black Hills. From the vicinity of Alzada, Mont.,
to Camp Crook, S.Dak., the valley of the main stream varies from
2 to 5 miles in width, consisting of a narrow flood plain bordered by a
series of terraces receding from the river to the bluff line. From
Camp Crook, S.Dak., to Medora, N.Dak., the valley averages about.
three fourths mile in width, bordered by steep rugged bluffs leading
upward to gently rolling prairie country. From Medora, N.Dak., to
the big bend in McKenzie County, the river follows a winding course:
through a narrow valley, ranging from one fourth to three fourths
mile in width. From the big bend to the mouth, the valley is broader
and deeper than in the section just above; the slightly rounded bottom
valley varying from 1 to 2 miles in width and the bluff line rising to a
maximum of 500 feet above the valley floor.

10. The picturesque and colorful badlands form the most dis-
tinctive topographic feature of the basin, extending from the southern
boundary of North Dakota to the mouth of the river. Badlands are
commonly found in a region of soft materials lying well above the
local base level, and located in an arid climate, characterized by short
periods of concentrated rainfall. These conditions are fully satis-
fied in this region. At the North Dakota-South Dakota boundary,
the badlands are from 6 to 7 miles in width, increasing to approxi-
mately 25 miles at the big bend and decreasing to about 10 miles from
the bend to the mouth. The relief along the stream course varies
from 80 to 100 feet at the south end of the badland section, and
increases to over 500 feet at the big bend. The river follows a very
sinuous course throughout nearly its entire length, dividing and sub-
dividing among sandbars, at times flowing slowly through deep pools,
or swiftly over broad shoals formed by recently dep031ted and rapidly
shifting sediments.

11. The valleys of the larger tributaries have flat or broadly
rounded bottoms, while the minor tributary drainage has formed an
intricate pattern ‘of narrow V-shaped ravines and gullies. The less
eroded remnants between the gorges rise in grotesque and fantastic
shapes to a maximum height slightly below the level of upland
plains. However, the limits of excessive erosion are generally well
defined and the undisturbed uplands, bordering the basin and form-
ing broader tributary divides, present areas of flat or gently sloping
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land of considerable value for dry-farming purposes. For general
topography of the basin, reference is made to map 3,2 appendix I.

12. Datum.—The general profile of the Little Missouri River and
tributaries (see chart 21, appendix I) was compiled from maps
furnished by the State engineer of North Dakota (for the reach from
the North Dakota-South Dakota line to the big bend) and from
aneroid barometer readings, corrected to mean sea level (U.S. Geo-
logical Survey datum). The surveys of the Little Missouri project
and the Bullion Butte Reservoir were based on assumed datum
planes (see maps ? 14, 16, and 17, appendix I). The flood-control
surveys at Marmarth, N.Dak., and Wibaux, Mont., were based on
mean sea level datum furnished by the Chicago, Milwaukee, St. Paul
& Pacific, and Northern Pacific Railroads.

13. Slope—The elevation of the valley floor at the extreme head-
‘waters is about 4,300 feet mean sea level and the elevation at the
mouth is 1,727 feet mean sea level, giving an average valley slope of
8.6 feet per mile (computed on a valley length of 300 miles) and a
channel slope of 4.6 feet per mile (computed on a channel length of
560 miles). (See chart 21, appendix 1.)

14. Geology.—The surface formations in the Little Missouri Basin
range in the geological time scale from the late Cretaceous to the
Quaternary period. The occurrence in order of age, the youngest or
latest first, is given in the following table:

Geology of Little Missouri Basin

Geological period and formation Composition Geographical occurrence

‘Quaternary:
PR Ly 0 PTG ke s T Unconsolidated, fine sediments._. All()mg stream course throughout
asin.
Glasialidulfts . . foli ol G Gravel, clay, boulders_._________ Uplands of lower basin.
‘Tertiary:

Benches of middle basin.
Uplands of middle basin.
_| Uplands and interstream divides,
middle and lower basin. Lignite

Tertiary gravel
‘White River formation
Fort Union formation.

Sandstone, shale
Sandstone, shale, limeston

bearing.

Lance formation___.___________ Sandstone, shale________________ Flats and minor uplands of upper
and middle basin. Lignite bear-
ing.

‘Cretaceous: o

Fox Hills formation...._______ SandBtone. L ovsii i bl Sl Capping on higher divides of
middle basin.

Erorreshale. . oC AT s B Shate oty i e e River flats and benches of upper
basin.

Niobrara formation___________ Chalky limestone.._____________ Uplands of upper basin (minor
oceurrence).

Benton formation.____________ Shale, limestone.... .. ._._._____ Uplands of upper basin.

15. Mineral resources.—Lignite is the principal mineral resource of
the Little Missouri Basin. Commercial deposits occur in Wibaux
County, Mont.; in Billings County, N.Dak.;in Carter County, Mont.;
and in Slope and Bowman Counties, N.Dak. Deposits of some value
are also found on the Fort Berthold Indian Reservation. The lignite
is used for residential heating and for the generation of steam in sta-
tionary steam engines and tractors. The availability of higher grade
coals from points at no great distance from the basin eliminate the
possibility of general use of this grade of lignite as central power
:station and locomotive fuel. No production estimates are available

2 Not printed.
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for the Little Missouri area. The coal (lignite) production in 1925
in Billings, Golden Valley, and Oliver Counties was estimated by
the United States Department of Commerce at 15,567 tons, having
a total value of $28,000. Oliver County does not lie in the Little
Missouri Basin. The total reserves in the Marmarth field (extend-
ing from the North Dakota-South Dakota boundary to a point about
10 miles south of Medora, N.Dak.) are estimated by the United
States Geological Survey at 15,756,060,000 tons.

16. Oil and gas have been produced from wells of moderate depth
a few miles west of Marmarth, N.Dak. The highly productive oil
and gas fields at Baker, Mont., are located just west of the Little
Missouri Basin.

17. Soils.—The soils bordering the stream bed are composed of
sand, gravel, and silt, representing recent alluvial deposits. The
terrace soils of the broad upper valley (above Camp Crook, S.Dak.)
are principally clay loam and clay, compact in texture with consider-
able alkali. The uplands and interstream divides of the middle and
lower sections of the basin are composed of silt loam, sandy loam and
sandy clay.

18. Weather.—The climate of the basin is influenced by inland con-
tinental conditions. It is semiarid and characterized by a moderately
low rainfall, a dry atmosphere, hot summers, cold winters, and a large
proportion of sunny days. The summer and winter temperatures are
likely to vary greatly, and the seasons frequently open and close at
unusual dates. Precipitation is fairly uniformly distributed through-
out the basin and the average annual rainfall 1s about 16 inches for
the entire area (see Maps? 4 to 7, appendix I, and tables 19 to 54,
appendix II).

19. Population.—The basin is very sparsely settled, the total for
the entire drainage area being estimated at 24,770 (1930 census).
The largest town is Beach, N.Dak., with a population of 1,106 (1920
census). Marmarth, N.Dak., was the largest town at the time of the
1920 census (1,318) but has suffered a decrease of about 45 percent
(to 721), in recent years, principally due to the removal of the rail-
road shops. Other towns are Watford City, N.Dak., 768; Medora,
N.Dak., 212; Sentinel Butte, N.Dak., 292; Rhame, N.Dak., 302;
Camp Crook, S.Dak., 163; Wibaux, Mont., 616; Ekalaka, Mont.,
433; Alzada, Mont., 41. (See map 8,2 appendix I, and table 1,
appendix II.)

20. Tranmsportation and markets—Two main line railroads, the
Northern Pacific and Chicago, Milwaukee, St. Paul & Pacific cross
the basin. United States Highway No. 10 from Bismark, N.Dak., to
Glendive, Mont., and United States Highway No. 12 from Moberly,
S.Dak., to Miles City, Mont., cross the central part of the basin. An
improved road from United States Highway No. 12 at Baker, Mont.,
leads to Ekalaka, Mont. Other routes are graded dirt roads or mere
trails, generally in poor condition and nearly impassable in wet
weather. See the following table and map 9,? appendix I.

2 Not printed.
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Little Missour: River Basin, railroads and highways

Length in miles

North South :
Montana ‘Dakota | Dakota Wyoming| Total

NS DT T A (e e T RS A TP, o 23 7 Bt TN Gl Ol 107
Highways:

Improved 2l 2. oo S0 toiE et e Lol M n iR Ce 41 1 RECEE U el 91

VIAIE gradatl: (vl - g T s e e T e s 53 ORIy B oS 63

7 TG 1y o R R SR R A T 375 313 80 115 883

atal Biehwa vt T8 e e saa st 416 416 90 115 1,037

21. The principal markets for grain and the livestock products of
the region are Bismarck and Fargo, N.Dak., Aberdeen, S.Dak., and
Minneapolis and St. Paul, Minn.

22. General economic situation.—Agriculture is the principal indus-
try of the Little Missouri Basin, but the region is not an important
agricultural area, due to the large proportion of nonarable land and
the semiarid climate. The terrace lands of the upper valley and the
uplands of the middle and lower sections are dry farmed and yield
fairly good crops of wheat, oats, barley, rye, flax, corn, and potatoes.
Cattle raising was practically the only important industry previous
to 1900 and continues to be one of the principal sources of income for
the greater part of the region immediately bordering the river, espe-
cially in the area below Marmarth, N.Dak. (See tables 2 to 18,
appendix IT.)

23. Manufacturing is of no great importance, the only commodities
of this class being flour and creamery products produced for local
requirements. No great expansion of agriculture, manufacturing,
or mineral production appears probable in the future, due to the high
proportion of poor land and lack of first-class raw material.

24. Federal reservations.—The Fort Berthold Indian Reservation
has been established, by the Federal Government, for the Sioux
Indians. It is located on the left bank of the Little Missouri River
near the mouth. The area of the reservation is about 1,500 square
miles with 650 square miles on the southwest side of the Missouri
River and the remainder on the northeast side. About 180 square
miles lie in the Little Missouri Basin. The reservation is sparsely
settled and roads and farms are but slightly developed. The lignite
deposits and potential power sites have been investigated by the
United States Geological Survey. Lignite is found in large quantities,
but no commercial development has been recommended because of
the competition of higher grade lignite from other parts of the State.
No worth-while power sites were discovered.

25. Two divisions of the Custer National Forest are located in the
basin, one about 5 miles west of Camp Crook, S.Dak., and the other,
east and south of Ekalaka, Mont. Rather a sparse growth of pine
exists on both divisions of the reserve; however, these probably con-
stitute two of the best stands of timber in this region. (See map 2,
appendix 1.)

26. Flow of rivers.—The streams of the Little Missouri drainage
are usually at comparatively high stages during the spring months
due to the combined effect of snow-melt and heavy general rains.
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June and July rises are also caused, in some years, by general rains.
Permanent snow does not exist in the basin, and the snow-melt does
not greatly affect the stream flow over extended periods, except in the
occasional years of late, heavy snowfall. Occasional high stages in
August and the fall months are generally caused by heavy local
storms. The winter flow is small, and the river is usually frozen over
from November 15 to March 15.

27. Many of the minor tributaries are dry during the summer, as
well as the main stream at and above Camp Crook, S.Dak. A very
small flow exists in the middle and lower reaches of the river,even
during the driest years. Beaver Creek maintains the most depend-
able summer flow of any of the tributaries. The various streams in
the basin have a wide fluctuation of flow, not only between high and
low water but also between the maximum flood flow and the normal
high water. (See map 10,2 and charts 23 to 26, inclusive, appendix I,
and tables 55 to 61, inclusive, appendix I1.)

II. Froops 1N THE LitrLe Missourr BasiN
A. FLOOD SITUATION

28. General.—The Little Missouri Basin is not ‘“‘subject to de-
structive floods”’, within the meaning of section 10 of the act of May
15, 1928. Available records indicate that a few moderate floods
have affected the basin as a whole, but the overflow areas are small
and scattered and consist in the main of relatively low-priced land.
Excessive rises, resulting from intense local rains, commonly called
“cloudbursts’ that cover a small area, quite frequently occur on
minor tributaries, but they do not materially affect the flow of the
main stem. In one case of record, loss of life has resulted from these
local floods. :

29. Occasional flooding may be expected from the occurrence of
ice jams during the early spring months. The basin is treeless and
barren. This lack of vegetation and the rolling topography are con-
ducive to rapid and excessive run-off, but the general climatic condi-
tions and the extremely long and narrow shape of the drainage area
apparently are the controlling factors in the prevention of excessive
floods. The mean annual rainfall averages about 16 inches, with
approximately one half occurring during the months of April, May,
and June. The run-off from the spring snow-melt is generally quite
large, but does not continue over a very long period of time.

30. Flood flows.—Very few rainfall stations are located in the Little
Missouri River Basin and the data for existing stations cover a rela-
tively short period of time. Therefore, it is difficult to obtain a
relation between storm precipitation and run-off that might be used
as a guide to determine the maximum discharge for use in connection
with the design of flood-protection works. Results obtained from
developed theoretical methods for computing maximum flood dis-
charges are very valuable as an aid and guide to the application of judg-
ment in determining the proper values for flood-control design. How-
ever, the best basisfor thestudy of flood discharges, is a long-time record
of discharge, or if these data are not available (as is usually the case), a
long-time record of river stages can be utilized in interpreting the

2 Not printed.
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combined effects of the many variable factors involved in producing
floods. Stream-flow records have been obtained on the Little Mis-
souri River at Medora, N.Dak., for 11 years and at Alzada, Mont., 16
years. The maximum discharge of the river at Medora during the
period of record is 33,700 second-feet. No records are available in the
vicinity of the mouth. The maximum rate of run-off of record in the
basin occurred on Beaver Creek at Wibaux, Mont., on June 7, 1929.
It was estimated by the United States Geological Survey to be 33,000
second-feet for a drainage area of 311 square miles and was caused
by intense rains over a small area, or what is locally termed as a
“cloudburst.” The estimate of the United States Geological Survey
was based on slope and area measurements obtained after the flood
had subsided.

31. Sufficient data are not available to obtain the relation of storm
precipitation and flood run-off, and a prediction of probable flood
effects resulting from storms. Therefore, the existing stream-flow
records of the Little Missouri at Alzada and Medora were used to make
a flood probability study. The study indicates that a discharge for a 1
percent chance flood at Medora would be 52,000 second-feet (drainage
area, 6,323 square miles), while the maximum of record is only 33,700
second-feet. Likewise, a 1 percent chance flood on the Little Missouri
River at Alzada, Mont., would be 19,500 second-feet (drainage area,
831 square miles), while the actual recorded maximum is 4,500 second-
feet. The discharge of 52,000 second-feet for a 1 percent chance flood
at Medora was proportioned in accordance to the drainage area and
probable inflow, with an estimated allowance for reduction, due to
valley storage, giving a discharge at Marmarth, N.Dak., of 45,000
second-feet to be used in the design of flood protection works for the
town. The estimate of 33,000 second-feet by the United States
Geological Survey for Beaver Creek at Wibaux, Mont., was used in
the design of flood-protection works.

32. Agricultural areas affected by floods.—In general, the river
valley between bluff lines, from Alzada, Mont., to Camp Crook,
S.Dak., averages about 3 miles in width; from Camp Crook, S.Dak.,
to Medora, N.Dak., about three fourths of a mile; from Medora,
N.Dak., to the big bend about one half of a mile and from the big
bend to the mouth about one and one half miles. However, available
data indicate that the alluvial flood plain between Alzada, Mont., and
the mouth does not average over one fourth of a mile in width.
The stream bed follows an irregular meandering course, with the
principal overflow areas being located in the bends of the river, the
size varying from 200 to 600 acres. The frequent shifting of the chan-
nel and the extent of damage from the infrequent overflows are of
minor economic importance, due to the undeveloped stage and rela-
tively low value of the areas subject to flooding.

33. Municipalities affected by floods.—There are two towns within
the Little Missouri Basin that are subject to damage from floods.
These municipalities are: Marmarth, N.Dak., located on the Little
Missouri River (river mile 306.4) about midway between the mouth
and the headwaters, and Wibaux, Mont., located on Beaver Creek,
a large tributary entering the main stem from the west, about 137
river miles above the mouth of the Little Missouri. The flood situa-
tion and past damages are discussed in the following paragraphs.
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34. Marmarth, N.Dak.—The town is located on the Little Missouri
River, just below its confluence with Little Beaver Creek, a tributary
entering the main stem from the west and draining an area of 633
square miles. The town site is located in a pocket-like basin of low
bottom land in a bend of the Little Missouri River, with a total of
4,724 square miles of drainage area above. The population in 1930
was 721. Damaging floods have been reported for 1913, 1920, 1921,
and 1929, although data are conflicting for some of the earlier over-
flows. Some of the floods have been caused by ice jams. The most
serious overflow occurred in 1929, with that of 1920 second in the
order of importance.

35. Apparently, the first flood of record at Marmarth, occurred in
1913 and was the result of a sharp rise on Little Beaver Creek. The
creek overflowed its banks a short distance east of the Chicago, Mil-
waukee, St. Paul & Pacific Railroad tracks, the general direction of
the overflow following the Milwaukee Railroad yards through the
town. (See map 12,2 appendix I.) Available data indicate the depth
of flow was probably about 1 foot. The town was subject to overflow
again the same year from the Little Missouri. In general, overflows
are caused by backwater entering the main section of town by way of
the low-lying area in the general vicinity of the intersection of Fourth
Avenue and First Street. No detailed data are available as to the
flood loss in 1913, however, it is estimated that the damage did not
exceed $10,000. The town was again flooded in 1920 by the Little
Missouri. During high stages in the Little Missouri River, consider-
able damage results from backwater entering the sewage system and
flooding most of the basements in the town. The sewage system
discharges into the Little Missouri a short distance above the Chicago,
Milwaukee, St. Paul & Pacific Railroad Bridge, and inasmuch as
backwater from high stages covers a good section of town by surface
flooding, even moderate floods cause damage because of backwater in
the sewage system. Flood damage for the 1920 overflow was esti-
mated at $15,000 by this office.

36. Two overflows occurred in 1921, the first being caused by an
ice jam that deposited large cakes of ice in the main street of town.
The second flooding, later in the summer, was caused by backwater
from the Little Missouri with consequent damage to the sewage
system and basements. The flood loss for the two overflows in
1921, was estimated by this office at $25,000.

37. A general rain over the drainage area of the Little Missouri
above Marmarth on May 25 and 26, 1929, raised the river to bank-
full stage and saturated the soil to such an extent that a heavy rain,
averaging from 2 to 3 inches over the drainage area of Little Beaver
Creek on May 28, created excessive stages in the Little Missouri at
Marmarth. Approximately 85 percent of the basements in the town
were flooded. The damage resulting from the 1929 overflow was
estimated by this office at $30,000.

38. The financial condition of Marmarth is seriously impaired, due
to the removal of the railroad shops in July 1925 and an additional
change in railroad operation in July 1926 that resulted in moving a
large number of families away, reducing the population of 1,318 in
1920 to a population of about 721 at the present. Of the 62 blocks
plotted in the town, about 24 have been, or must eventually be,

2 Not printed.
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turned back to the county. Approximately 15 percent of the houses
are vacant. The present assessed valuation of the town is $600,000,
and the bonded indebtedness and outstanding warrants on July 1,
1931, was $103,372.94. Marmarth is a distributing point for the sur-
rounding stock-raising territory, and future prospects for a rapid
increase in the population appear to be very remote. The total esti-
mated flood loss during the 23-year period, since the establishment
of the town in 1908, is $100,000, or an average annual loss of $4,350.
Reference should also be made to map 12,* appendix I, and photo-
graphs 7 to 10, appendix IV.2

39. Wibaux, Mont—The town is located on Little Beaver Creek,
a tributary of the Little Missouri River, approximately 62 miles above
its confluence with the main stem. About 311 square miles of drain-
age area of Beaver Creek are above Wibaux. The town is located
on the main line of the Northern Pacific Railroad at the crossing
of Beaver Creek, and is a distributing point for the surrounding
agricultural community. The population in 1930 was 616. Appar-
ently the only damaging flood of consequence occurred in 1929. On
June 5 and 6 steady rains fell throughout eastern Montana and
western North Dakota, followed by intense rains over the drainage
area of Beaver Creek above Wibaux. Ordinarily Beaver Creek is
a very small stream, about 10 feet wide between banks, averaging
about 4 feet in height. This small stream in the vicinity of Wibaux
became a raging torrent, which covered a greater part of the town.
(See map 13,2 appendix I.) Local residents are of the opinion that
the flood hazard was considerably increased by the Northern Pacific
Railroad embankment. The railroad bridge and part of the embank-
ment was washed out at the crossing of Wibaux Creek, and also
part of the embankment adjacent to the underpass on Wibaux Street.
The crest of the flood was reached about 10 a.m. on June 7, with a
maximum stage of approximately 25 feet above low water. Four
lives were lost. Five small frame residences were completely washed
away. Twelve more were removed from their foundations, and
numerous small frame barns and sheds were completely wrecked.
Approximately 200 homes were damaged to some extent, and 75
percent of the population were forced to leave their homes. The
business district, consisting of about three blocks, was completely
flooded to a depth averaging about 5 feet. Two small highway
bridges were wrecked, one being the United States Highway No. 10
Bridge at Wibaux.

40. Accurate and detailed data of the 1929 flood loss at Wibaux
are not available, although local residents estimated the loss to be
about $300,000. Reference should also be made to map 13, appen-
dix I, and photographs 18 to 27, appendix IV.2 :

B. FLOOD-CONTROL PLANS

41. General.—The agricultural lands in the Little Missouri Basin
are not ‘“subject to destructive floods.” The areas subject to over-
flow are small and scattered, and the resulting flood damage does
not justify the preparation of a flood-control plan.

42. Flood-control plans were prepared for the protection of the
municipalities of Marmarth, N.Dak., and Wibaux, Mont. The

2 Not printed.
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100-year flood on the Little Missouri at Marmarth was used as a basis
of design, while the very unusual flood on Beaver Creek that occurred
on June 7, 1929, was used as a basis of design for the town of Wibaux,
Mont. Levees were adopted as a means of protecting the towns from
overflow and a freeboard of 3 feet over and above the adopted flood
was used, thus providing a factor of safety.

43. The cost of raising highways, bridges, streets, and buildings,
to conform with the proposed levee grade, has been included in the
estimates. Channel excavation was estimated to cost from 15 to 25
cents per cubic yard, according to the nature of the material, and levee
construction was estimated at 25 cents per cubic yard. The standard
levee section adopted provides for a slope of 3 to 1 on the land side, a
crown of 6 feet, a 4- by 6-foot muck ditch along the center line of
levee, except where the existing levees are raised; a slope of 2% to 1
on the river side and a berm of not less than 40 feet between the toe
of the levee slope and the edge of the borrow pit. Borrow pits are
1 to 1, to a depth of 5 feet from the level of the berm, thence with a
5 to 1 slope away from the levee, to a maximum depth not to exceed 15
feet. The plans also provide for borrow pit traverses 15 feet wide at
intervals of at least 500 feet, to prevent a current along the levee.

44. The right of way cost was estimated in detail, according to the
values of the various properties to be purchased. Pumping plants
were designed to handle drainage from the total contributing area,
assuming a run-off of one half inch per 24 hours from the adjacent
lands outside of the municipalities, and 1 inch per 24 hours from the
urban area. In addition to the computed labor and fuel cost, a depre-
ciation charge of 5 percent was placed against the pumping plants.
Annual maintenance was estimated at 1% percent of the sum of levee
construction, channel excavation, interior drainage and engineering,
and contingencies cost. KEngineering and contingency costs were
taken as 20 percent of the construction cost of the unit. Operation
and maintenance was capitalized at 5 percent and added to the con-
struction cost to obtain the total cost.

FLOOD PROTECTION PLAN FOR MARMARTH, N.DAK.

45. General.—The general flood situation and the damage resulting
from floods within the town of Marmarth, N.Dak., has been discussed
in paragraphs 34 to 38, inclusive. The Chicago, Milwaukee, St. Paul
& Pacific Railroad changed the location of the channel of Little Beaver
Creek, diverting it into the Little Missouri south and west of town, in-
stead of allowing the stream to follow the original channel along the
bluff line west of town. (See map 12,2 appendix I.) Part of the old
channel west of the railroad tracks is being utilized as a storage reser--
voir by the-railroad company. A small levee has been constructed
from the Chicago, Milwaukee, St. Paul & Pacific Railroad tracks in
the NWYNEY sec. 36, T. 133 N., R. 106 W., parallel to the new
channel of Little Beaver Creek, to high ground in the SE4XNW sec.
31, T. 133 N., R. 105 W. The flow of Little Beaver Creek is thus
diverted around the town.

46. The adopted plan.—To obtain complete protection at Marmarth,
it would be necessary to raise the existing levee, beginning at the bluft
line in NW%NEY sec. 36, T. 133 N., R. 106 W., for a distance of 3,050

2Not printed.
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feet. The proposed levee would then be located north of the existing
levee, in order to provide an additional setback between the toe of
levee and the left bank of the Little Missouri River; thence generally
parallel to Seventh Street in a northeasterly direction to a point near
the intersection of Third Avenue East and Seventh Street; thence gen-
erally parallel to the left bank of the Little Missouri to the Chicago,
Milwaukee, St. Paul & Pacific Railroad embankment at its intersection
with Fourth Avenue East. A short levee on the west side of the rail-
road track would tie to high ground near the intersection of Main
Street and Stone Avenue. The cut-off between Little Beaver Creek
and the Little Missouri River in the SE4NWY sec. 36, T. 133 N., R.
106 W. (see paragraph 45) has enlarged during recent years and at the
present time has a greater carrying capacity than the creek channel
above. This enlargement of the cut-off has lowered the maximum
flood plane in that vicinity. However, it would be necessary to raise
the existing levee, constructed by the Chicago, Milwaukee, St. Paul
& Pacific Railroad, an average of 1 foot, in order to give the required
3-foot freeboard and provide adequate protection to the town from
Little Beaver Creek floods. All existing buildings would be protected
by the proposed levee. The cost estimates provide for an automatie
outlet gate, to take care of the overflow from the small railroad reser-
voir; a pumping plant to take care of interior drainage and sewage
during periods of high water, and the necessary appurtenances to pre-
vent backwater in the sewage system. The total length of the levee
would be approximately 2.04 miles, and the average height 6.5 feet.
A grade crossing would be provided for traffic between the east and
west sides of town at the intersection of First Avenue East and the
Chicago, Milwaukee, St. Paul & Pacific Railroad track. The stand-
ard levee section has been used in estimating quantities. (See par.
43.) A freeboard of 3 feet has been allotted above the computed
maximum water surface of a flood equal to 45,000 second-feet. The
plan is shown on map 12,%> appendix I. Also map 18, appendix I.

47. Cost estimates.—The cost estimates for the plan are summarized
in the following tabulation:

Summary of costs, Marmarth flood protection plan

Total construction cost, including engineering and contingencies______ $60, 700

Annual operation and maintenance charges of -$1,000, capitalized at 5
BEEUenUIC | i s Ol TR iRl e T T e [ T D e R gty 20, 000
o tal GO e e e S A L R S O A 80, 700

48. Economics of proposed plan.—The total cost of the plan is
$80,700. If financed by the issue of long-term bonds, the total ex-
penditure would be considerably more, depending upon the discount
on the bonds, interest rate, and period to maturity.

49. The average annual flood loss at Marmarth during the 23-year

" period (1908-30, inclusive) was estimated at $4,350, which if capi-
talized at 5 percent amounts to $87,000. It should be noted that
the estimated annual flood loss of $4,350 does not include indirect
and intangible losses such as interruption to traffic, loss of business,
and depreciation of real estate values. However, the plan is believed
to be feasible from an economic standpoint, solely on the basis of
capitalized direct damages, which exceed the construction cost of the
adopted plan.

2 Not printed.
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FLOOD PROTECTION PLAN FOR WIBAUX, MONT.

50. General—The flood situation and the damage resulting from
floods within the town of Wibaux, Mont., has been discussed in
paragraphs 39 and 40.

51. Adopted plan.—No flood-protection works have been con-
structed at Wibaux, although the bridge opening in the Northern
Pacific Railroad embankment has been enlarged considerably since
the disastrous flood of June 1929. Practically the entire town is
located within the alluvial flood plain of Beaver Creek, and in order
to obtain complete protection from a flood similar to that of 1929,
it would be necessary to construct levees on both sides of Beaver
Creek south of the Northern Pacific Railroad tracks and on the west
side, north of the tracks. Under the adopted plan, the levees pro-
posed on the right bank would begin at high ground near the south-
ern limits of the town, following approximately parallel to the right
bank of Beaver Creek to the Northern Pacific Railroad tracks. This
levee would protect all of the municipal area of importance east of
Beaver Creek. The left bank levee would begin at high ground near
the intersection of C Street and Second Avenue, following approxi-
mately parallel to the left bank of Beaver Creek to connect with the
Northern Pacific Railroad embankment about 100 feet east of the
depot; thence continuing from the north side of the embankment
parallel to the creek 1,500 feet north, where the levee would turn
westward to connect with high ground. The left bank levee would
encompass all the municipal area of importance. The right bank
levee would be 0.76 mile in length and average 9 feet in height,
while the left bank levee would be 0.93 mile in length and would
average 9 feet in height.

52. The cost estimates provide for pumping plants to remove the
interior drainage and raising and lengthening of United States High-
way No. 10 Bridge on First Avenue. The standard levee section
has been used in estimating quantities (see par. 43). A freeboard
of 3 feet has been allotted above the computed maximum water sur-
face of a flood equal to 33,000 second-feet. The plan is shown on
map 13,2 appendix I. Also see map 18, appendix I.

53. Cost estimates.—The cost estimates for the plan are summarized
in the following tabulation:

Summary of costs, Wibaux flood-protection plan

Total construction cost, including engineering and contingencies_____ $104, 700
Annual operation and maintenance charges of $1,100, capitalized at

GIPETeATIv Te] Cia fladgh il 3, 1 me s TR Rt S M s D 22, 000:
*Tatal cogtatiar-=io- Ui o H RtV 10 I IEnh Si i Rehe 'y 126, 700

54. Economics of proposed plan.—The total cost of the plan is
$126,700. If financed by issue of long-term bonds, the total expendi~ .
ture would be greater than the construction cost, depending upon the
discount on the bonds, interest rate, and period to maturity.

55. The assessed valuation of all of the municipal area, including
railroad and gas company property, was $636,513 in 1921 and
$775,514 in 1929. Approximately 90 percent of all assessed property
was flooded in 1929. In other words, property having an assessed
valuation of approximately $698,000, would be affected by another

2 Not printed.
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flood similar to that of 1929. Furthermore, due to the present loca-
tion of the residential and business district, the flood hazard consti-
tutes a serious menace to human life. In view of the small cost of the
proposed flood-protection works compared to the total assessed valua-
tion of the property to be protected, and the existing menace to
human life, the plan would appear to be justifiable from an economic
and humanitarian standpoint.

C. CONCLUSIONS

56. The conclusions, in connection with the floods in the Little
Missouri Basin, may be stated as follows:

(a) The Little Missouri Basin is not ‘‘subject to destructive
floods”’ within the meaning of section 10 of the act of May 15, 1928.
The areas, subject to overflow, are small and scattered, and the
resulting flood damage does not justify the preparation of a flood-
control plan.

(b) The flooded area within the town of Marmarth, N.Dak., can
be protected from the 100-year flood, by means of levee construction,
at an estimated cost of $80,700. The average annual flood loss at
Marmarth, during the 23-year period (1908-30, inclusive), was esti-
mated at $4,350, which if capitalized at 5 percent amounts to $87,000.
The capitalized annual flood loss exceeds the estimated cost and the
plan is believed to be feasible from an economic standpoint.

(¢) The overflow area, within the town of Wibaux, Mont., can be
protected from a flood of 33,000 second-feet (the greatest of record)
by means of levee construction at an estimated cost of $126,700.
The total assessed valuation of the municipal area in 1929 was
$775,5614. Approximately 90 percent of the municipality, or $698,000
worth of business and residential property, was affected by the 1929
flood. In view of the small cost of the plan compared to the total
assessed valuation of the property to be protected, and the existing
menace to human life, the plan appears to be justifiable when viewed,
in both its economic and humanitarian aspects.

III. Errect oF LiTTLE Missourl RivEr FLow oN MississipPI AND
Missour:

A. EFFECT ON MISSISSIPPI FLOODS

57. General—The Little Missouri River enters the Missouri about
1,583 miles above the mouth and about 1,791 miles (1890 mileage)
above Cairo on the Mississippi. The approximate time of water travel -
between the mouth of the Little Missouri and Cairo is 18 days.

58. The danger of Mississippi floods in the vicinity of Cairo is
fairly well confined to the period, February 15 to May 15, inclusive.
Allowing for the time of water travel, the period that the Little
Missouri River would contribute directly to possible Mississippi
floods, is from January 28 to April 27. No major floods are on record
in the Little Missouri River Basin during this period, although a
minor rise may generally be expected in the latter part of March or
early in April, because of the melting of the winter snow blanket.

59. Stream-flow data are available on the Little Missouri River
during two of the six Mississippi floods of the past 20 years; namely,
1922 and 1929, and during these floods the Little Missourt did not
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contribute an appreciable volume of water that would have coincided
with the Mississippi peak at Cairo. The average flow of the Little
Missouri River at the mouth, corresponding to the 1922 and 1929
Mississippi flood periods (Jan. 28 to Apr. 27), was 1,040 and 3,880
second-feet, respectively. The flows were computed from the stream-
flow records at Medora, N.Dak., on a drainage area basis and may
be somewhat in error. It is obvious that the effect of the Little
Missouri upon Mississippi floods is of minor importance, as the
average flow, corresponding to the Mississippi danger period (Jan.
28 to Apr. 27), including all available records, is only 1,600 second-
feet. However, in order fully to investigate all reservoir flood-control
possibilities of the basin, a brief study was made of the existing sites
and probable reductions on the Cairo gage.

60. Reservoir site selected.—There are no existing reservoirs of any
consequence in the basin that would have an appreciable effect upon
any plan, for the control of Mississippi floods. No sites are available
in the basin for storing all, or the greater part, of the discharge of
the Little Missouri during the Mississippi flood period. The Bullion
Butte Reservoir site, located on the main stem about 241 river miles
above the mouth and about 53 river miles upstream from Medora,
N.Dak., is the best for the control of Little Missouri floods.

61. The Bullion Butte Reservoir, as planned, would be created by
the construction of a dam on the Little Missouri River, 4 miles south
of Bullion Butte in section 2, township 136 north, range 103 west,
Slope County, N.Dak. The reservoir at normal pool level (elevation
1,270 feet, assumed datum, see par. 12) would have a surface area of
7,200 acres and a capacity of 320,000 acre-feet. The pool would
extend approximately 29 miles up the river. The dam would be an
earthen embankment with a concrete core wall, and would have a
total crest length of 2,960 feet. At the maximum section, the dam
would be 120 feet above the stream bed; the minimum top width to
be 20 feet and the maximum base width 800 feet. The upstream side
would slope at 3 to 1 for 50 feet below the crest, and 3% to 1 from
this point to 100 feet below the crest, and 3% to 1 from this point to
the foundation. The downstream side would slope, for corresponding
depths, at 2 to 1, 4 to 1, and 5 to 1, respectively. A reinforced con-
crete core wall would be provided, which would be founded on rock,
and the upstream slope of the embankment would be protected by a
blanket of riprap. The top of the embankment would be at elevation
1,280 feet (assumed datum), thereby providing a freeboard of 10 feet
above the reservoir surface, corresponding to a spillway discharge of
80,000 second-feet.

62. The flood flow would be discharged through two concrete
tunnels of the horseshoe type, each 27 feet in diameter. The water
would be conducted to these tunnels through a vertical shaft after
passing over a weir having a net length of 250 feet. The top of the
weir would be at elevation 1,250 (assumed datum). Ten 20- by 25-foot
Taintor gates, between 5-foot piers, would be installed above the
spillway (weir) crest to maintain the normal pool elevation of 1,270
(assumed datum). The water would be discharged from the tunnels
approximately 600 feet below the downstream toe of the slope of the
earthen embankment. The spillway was designed to pass a flood
of 80,000 second-feet or about double that of a 1 percent chance
occurrence. Water impounded in the reservoir below the elevation
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of the spillway crest (1,250, assumed datum) would be discharged
by means of a concrete lined outlet tunnel, 13 feet in diameter, which
would discharge into the spillway tunnels and thence into the stream
below the dam. The flow would be regulated by two 7- by 6-foot
high-pressure gates installed at the entrance to the spillway tunnels.
The bottom of the tunnel would be at elevation 1,170 feet (assumed
datum). The total capacity of the reservoir could be discharged
through this tunnel outlet and over the spillway in about 30 days.-
63. The total cost of the dam, spillway, and outlet works is esti-
mated at $4,719,000. In addition, the cost of overflowed land is
estimated at $108,000, making the total estimated construction cost:
of the reservoir $4,827,000, or $15.10 per acre-foot. For further
details see maps 142 and 18, appendix I. wrly
64. Method of reservoir operation.—The difficulties and uncertain-
ties connected with any attempt to forecast the time and extent of
floods on the Mississippi more or less limit the method of operating
the reservoir for Mississippi flood control. In view of the great dis-
tance of the reservoir from the Mississippi flood region, the length of
the Mississippi crest and the extent of the floods, indications are that
the reservoir should store water for a period of 90 days, effective at
Cairo from February 15 to May 15, or approximately January 26 to
April 25 at the reservoir. It is to be noted that the storage period in
the Little Missouri Basin (January 26 to April 25) is mostly within
the frozen period, as the spring break-up of ice in the streams and the
snow-melt generally do not occur before March 15. The method
involves a uniform daily storage, beginning with the reservoir empty
on the first day of the danger period (January 26) and impounding
water at a rate as nearly constant as possible, so that the reservoir
would be completely filled on the last day of the danger period. In
the event that the storage during any part of the period is less than
the amount allowed by the uniform storage rate, an adjustment would
be made by causing water to be stored for the remainder of the period
at a rate equivalent to the capacity available in the reservoir, divided
by the number of days remaining until the end of the danger period.
Flows in excess of this rate would be passed through the reservoir.
There is considerable uncertainty regarding the exact behavior of
the Little Missouri crest, corresponding to a discharge of 5,000 to
10,000 second-feet, and lasting 2 or 3 days, in traveling through the
1,791 miles (1890 mileage) of Missouri and Mississippi River channel
to Cairo. It is certain that the effect of valley storage will materially
reduce these crests. No detailed data are available to compute the
valley storage effect. Furthermore, it is impracticable to do so with-
out the computations having a probable error in excess of any apparent
results that might be obtained. All of the factors that would enter
into a valley storage study (total capacity of water channel from the
reservoir to Cairo at various stages, inflow into the Missouri and
Mississippi Rivers between these points, discharge of the Missouri,
" Ohio, and Mississippi at various points) are of great magnitude and
have probable errors considerably in excess of the net effect of con-
tributions of the Little Missour1 to the Mississippi. Therefore, it
has been assumed that the reduction of stage during Cairo peaks

2Not printed.
179245—33——38
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would be represented by a mean reduction of flow, or storage, over
a period approximately equal to the time of water travel between the
two points. The average time of water travel between the reservoir
on the Little Missouri and Cairo is about 20 days; therefore, the mean
rate of storage in second-feet over a period of 21 days was used in
computing the Cairo reduction; the middle day of the period corre-
sponding to the day of the Cairo peak. The discharge of the Missis-
sippi River at Cairo during a great flood like that of 1927 is approx-
imately 1,600,000 second-feet, and although the flow of the Little
Missouri may fluctuate considerably during the flood period, it is
believed that the many factors affecting valley storage in the 1,791
miles of river travel are much greater than the assumed flattening
that would result from the averaging of the Little Missouri discharge
for a period of 21 days. Therefore, it is believed that the results
obtained by computing the reduction of the stage during Cairo
peaks, by using the mean rate of storage, comes close enough to the
truth of the matter for all practical purposes. Certainly, it gives
results of the proper order of magnitude.

65. In this study, 63,000 second-feet was taken as representing 1
foot change of stage on the Cairo gage during a major confined
Mississippi flood. |

66. Effect of Little Missouri.—Approximate flow records for the
Little Missouri River at the mouth and Bullion Butte Reservoir
site, were computed from the Medora records for the 1922 and 1929
Mississippi flood periods (January 28 to April 27 at the mouth and
January 26 to April 25 at the reservoir). In order to obtain an index
of the effect of the total flow of the Little Missouri on Mississippi
floods, and a comparison with the probable results obtained by the
aperation of Bullion Butte Reservoir, computations were made to
determine the effect on the Mississippi, providing the entire flow of
the Little Missouri could have been stored during the 1922 and 1929
flood periods. The estimated time of travel from the mouth of the
Little Missouri to Cairo is 18 days, and the daily discharge is averaged
over a 19-day period. The results are summarized in the following

tabulation:
Little Missouri discharge, Mississippt flood period

Probable
‘Aﬁ?;aogie reduction | Total run-
’ Cairo Little Cairo peak, | off during
Cairo peak stage, Missours if total 90-day
feet 19 days, ﬂo:v w&are peri?d,t
! stored, acre-fee|
second-feet Tahon
INTAe a9, 009 - T T e kel e P et 53.6 687 0.13 185, 000
Apr. 25,1922__ f 3 53.5 1,990 S8\ AR
Mar. 20, 1929_ 51.8 357 Ly 2 R e
Apr. 5-6, 1929_ ek 51.5 6,070 1.16 691, 000
ki 0. MR RS i W B S SR R N 52.7 1,710 . J} 2R S TSNS

67. If the entire flow of the Little Missouri were stored, the probable
reductions on the Cairo peak would vary from 0.07 (Mar. 20, 1929)
to 1.16 (Apr. 5-6, 1929) inches. The maximum run-off of 691,000
acre-feet occurred during the 90-day storage period, in 1929.

68. Effect of operation of Bullion Butte Reservoir.—The total drain-
age area of the Little Missouri Basin is 9,500 square miles. The total
drainage area above the Bullion Butte Reservoir site is 5,292 square
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miles, or a little more than one half of the drainage area. The
probable results that might be obtained by the operation of the
Bullion Butte Reservoir, were computed for the 1922 and 1929
Mississippi flood periods. The results are summarized in the following
tabulation:

Cairo stage reductions, Bullion Butte Reservoir

Total
Arxgt:)gie Probable | storage,
Cairo e reduction, 90-day
Cairo peak stage, o1 dag . Cairo period
feet =k on}:i: peak, in | Jan. 26-
foet inches Apr. 25),
acre-feet
Mars26, BRI kel olb s on it ibegen b Sani ol 53.6 350 0.07 102, 000
Apr. 25, 1922 53.5 1, 090 1 N I
Mar. 20, 1929___. 51.8 200 21 3 MR
Apr. 5-6,1929___ 51.5 3,480 .66 257, 400
ol R D MG N (S e L TS S, Tkl 52.7 960 g o e e 2

69. The probable reductions of the Cairo peak that would have
resulted from the operation of Bullion Butte Reservoir, vary from
0.04 of an inch, during the March 20 peak of the 1929 flood, to 0.66
of an inch during the April 5-6 peak of the 1929 flood. The maxi-
mum average rate of flow for the 21-day period, removed from the
Cairo crest, is about 3,480 second-feet. A total of 102,000 acre-feet
would have been stored during the 1922 flood and 257,400 acre-feet
during the 1929 flood. The computations indicate that it would
have been necessary to waste about 128,000 acre-feet during the
middle of the 90-day period in 1929, in order to keep below the uni-
form storage rate ﬁne. The total run-off at the site during the
period, was 389,000 acre-feet. No run-off data are available for the
1927 Mississippi flood, the greatest of record. It is estimated that
the Bullion Butte Reservoir would cost $4,827,000. The cost is
excessive, compared to the probable benefits that might be obtained.

B. EFFECT ON MISSOURI FLOODS

70. @eneral.—There are about 1,583 river miles (1890 mileage) of
Missouri Valley below the mouth of the Little Missouri River. The
upper Missouri Valley is not subject to overflow, although the sec-
tion in the vicinity of Kansas City and below, is subject to overflow
from excessive floods. The floods on the lower Missouri generally
occur during the period May 16 to July 15, inclusive, and allowing
11 days for the time of water travel from the mouth of the Little
Missouri to Kansas City, the period that the Little Missouri River
flow would affect Missouri floods, is from May 5 to July 4, inclusive.

71. The regular floods on the lower Missouri River are generally
two in number. The first is usually in April and is of short dura-
tion; rarely lasting over a week or 10 days, and is generally caused by
the melting snows over the great plains area of the middle and upper
river. It seldom exceeds flood stage by more than 1 or 2 feet at
Kansas City. The second regular flood, known as the June rise, is-
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normally higher and of longer duration. It originates from melting
snows in the headwaters of the Missouri Basin and reaches serious
proportions in the lower basin, if accompanied by heavy general
rains over that area. Occasional small rises of short duration may
be expected late in the fall, although they rarely exceed flood stage.
During the past 31 years (1900-30) flood stage has been exceeded at
Kansas City 17 times. Flood stage has been exceeded by 3 feet, or
more, on 8 different occasions. The highest stage of the period
occurred in June 1903, when flood stage was exceeded by 13 feet at
Kansas City. Of the 17 Missouri River floods at Kansas City, 3
occurred before the normal Missouri River flood period (May 16 to
July 15), 12 during the period, and 2 following. The records of
stage obtained on the Missouri River at Kansas City for the past 58
years (April 21, 1873, to date), show only 2 floods after July 15, their
occurrence being July 15-25, 1907, and July 13 to August 10, 1915.

-72. The operation of the Bullion Butte Reservoir for the benefit of
Mississippi floods (see par. 64), would involve a uniform daily storage
rate over the 90-day period (approximately, Jan. 26 to Apr. 25, at
the reservoir), comparable to February 15 to May 15 at Cairo. If
an early Missouri flood coincided with the Mississippi flood period,
the Missouri would receive some minor benefits from the operation of
the reservoir. However, Missouri floods during the Mississippi
period, are so infrequent and of such a minor nature that the benefit
to the Missouri, from the operation of the Bullion Butte Reservoir
for Mississippi flood control, would be of no consequence. If a late
Missouri flood came in the year without a Mississippi flood, some of
the storage capacity in the reservoir might be available for the use of
the Missouri, but the amount of storage capacity would vary con-
siderably and would be undependable.

73. All the evidence at hand, points to the probability that the
combined operation of the Bullion Butte Reservoir, for both Missis-
sippi and Missouri flood protection, could not be successfully accom-
.plished, since the adopted storage method for Mississippi flood control
would require that the reservoir be filled at the end of the Mississippi
period. However, the adopted storage method might be changed to
provide a uniform rate of storage over both the Mississippi and Mis-
souri flood periods, which would considerably decrease the benefits
to be derived by the Mississippi.

74. Any definite statement as to the probable effects and benefits,
that might be derived from controlling the flow of the Little Missour1
River, on Missouri floods, would be premature at this time. The
flood problem in the lower Missouri is now under study, but this
investigation has not proceeded far enough for any definite conclu-
sions. However, the matter may be treated in a general way.

75. The major Missouri floods, during the past 31 years, were those
of 1903, 1908, and 1915, and all were caused by excessive rains over the
lower basin. The following table summarizes the flow of the Little
Missouri River at the mouth that would have passed Kansas City
du(li'ing the Missouri flood period (May 16 to July 15) for 1903, 1908,
and 1915.



LITTLE MISSOURI RIVER, WYO., MONT. S.DAK. AND N.DAK. 31

Little Missouri discharge, at mouth

Mean flow

for Miss-
Mean flow | Mean flow :
Year May 5 to | June 1to | °uriflood

May 31 July 4 ﬁ):;i%dt o

July 4

Second-feet | Second-feet | Second-feet
________________________________________________________________ 623 402 498
LT N Al G § R W BN, S e i, L T B WSROI P B o 5 1, 080 2, 570 1, 950
b R A NI M PRI BB ey RSN R S 480 1,210 890

76. The above table shows that the flow of the Little Missouri has
had very little effect on major Missouri floods, during the past 31
years. Computations were also made to determine the probable
effect of the flow of the Little Missouri on the Kansas City gage, dur-
ing the 1903, 1908, and 1915 Missouri River floods. The setback
for time of water travel of 11 days was used. A period of 11 days
was also adopted for averaging the mean rate of flow, or storage, to
be used in computing reductions on the Kansas City gage; the middle
day of the 11-day period corresponding to the day of the Kansas City
peak. The results indicate probable reductions on the Kansas City
gage that vary from 0.07 to 0.41 of a foot, provided the entire flow
was stored, and from 0.04 to 0.23 of a foot, with the Bullion Butte
Reservoir operating on a 61-day storage plan. It is obvious that the
reductions of such a small amount would have no important bearing
upon a general flood-control plan for the Missouri. However, the
question will be fully covered in the report on the Missouri River to be
submitted at a later date. Meanwhile, the matter must be held in
abeyance until a comprehensive plan for the control of floods on each
of the larger tributaries of the Missouri have been completed.

C. EFFECT ON MISSOURI AND MISSISSIPPI NAVIGATION

77. General—The navigation season on the Missouri is from about
March 1 to November 30. Ordinarily, there is a short low-water
period during March, usually about 10 days in the vicinity of Kansas
City, when an additional supply of water would be useful. Following
the March low water and continuing until the middle of July, is the
normal high water. The low-water season ordinarily begins about
August 1, and generally continues until the end of the navigation
season, or about November 30, although about half of the time
August stages are not especially low. However, during the low-water
years, stages during the month of July, are sometimes quite low.
The stage records of the Missouri at Kansas City indicate that it
would be desirable in the usual case, to increase the flow throughout
the period, August 1 to November 30, inclusive, and during part of
July, for certain low-water years. An extreme low stage in the
month of May occurred in 1931; it would thus appear that it might
be desirable to release water in the spring months when especially low
stages obtain.

78. Theoretically, the most effective plan for the utilization of
reservoirs for navigation purposes would provide (1) for varying
rates of both storage and discharge to minimize stage fluctuations
and (2) the release of impounded water, on a large scale, during the
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periods of lowest stage. Therefore, the best method of operating
reservoirs, solely for navigation purposes on the Missouri, would be
to store all the available flow above the reservoirs (less the minimum
flow) during the entire period that the Missouri is closed to naviga-
tion, which is normally from December 1 to February 28; release
some of the stored water during the Missouri low-water period of
March and possibly May; store until the beginning of the low-water
season, about August 1; and finally release storage during the low-
water season at varying rates, depending upon the stages obtaining.
The actual development of such a method of operation in detail
requires an exhaustive and complicated study of the characteristics
of the Missouri River. It would be quite important that the detailed
study be based on the characteristics of the Missouri as they obtain
in the improved river.

79. This matter will be further investigated in a later report on
the Missouri River as a whole, which will include a plan for a reser-
voir system for navigation purposes, including an evaluation of the
navigation benefits that might accrue from reservoirs utilized for
other purposes, either in whole or in part. Consequently, a detailed
analysis cannot be made at this time, but the question may be
treated in a general way.

80. In order to obtain an index of the average contribution of the
Little Missouri to the flow of the Missouri, the mean monthly dis-
charge in second-feet at the mouth and at Bullion Butte Reservoir
site, has been compiled from stream, flow records obtained at Medora,
N.Dak., during the periods 1903-08, 1922-26, and 1928 to Sep-
tember 30, 1930. These data are summarized in the following
tabulation:

Discharge data, Little Missourt River

[1903 to 1908, 1922 to 1926, and 1928 to Sept. 30, 1930]

Mean monthly flow in Mean monthly flow in
second-feet second-feet
Month ol Month i
ion ullion
At the At the
Butte Res-| 00 Butte Res-| 1) 5uth

ervoir site ervoir site

24 42 || September ¥’ 229 409
222 397 || October________ ) 238 424
1, 280 2,290 {| November.._ X 74 132
975 1,740 || December_C.....-.-.:i . 38 68
762 1, 360
1, 700 3,030 | Mean annual run-off in
591 1, 050 acredeet. .. olioll o0 394, 000 705, 000
452 806

81. The computed mean annual run-off of the Little Missouri is
705,000 acre-feet at the mouth (drainage area, 9,500 square miles),
and 394,000 acre-feet at Bullion Butte Reservoir site (drainage area,
5,292 square miles). If it be assumed that storage in the Bullion
Butte Reservoir would be held over, in order to insure a supply of
320,000 acre-feet (capacity of reservoir) at the beginning of the low-
water year on the Missouri and that the storage were released at a
uniform rate over the 122-day period (August 1 to November 30,
inclusive), the reservoir would supply an approximate flow of 1,300
second-feet, which is equivalent to an increase of about 0.2 of a foot
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on the Kansas City gage (during low-water periods). The run-off
above the reservoir site available for navigation storage (December 1,
1928, to July 1, 1929), was 794,000 acre-feet, or sufficient to have
filled the reservoir prior to the beginning of the present Missouri low-
water period. However, the run-off in 1930 and 1931 that would
have been available for navigation storage, was 145,000 and 38,000
acre-feet, respectively. The reservoir with a capacity of 320,000 acre-
feet, would not have filled during either of the critical Missouri low-
water years, thus, seriously impairing its value for navigation purposes.

82. Effect on Mississippi.—The Mississippi River, in the vicinity
of St. Louis, about 18 miles below the mouth of the Missouri, has
characteristics of flow during low-water periods that correspond, in
general, to those of the lower Missouri. The navigation season, for
that part of the Mississippi River, between the mouth of the Missouri
River and Cairo, is from March 1 to November 30; the river may be
open for a short time after December 1, but river traffic ordinarily
stops during the first part of December. It would be desirable, dur-
ing years of extreme drought, to increase the low-water flow of the
Mississippi; however, as stated in paragraph 81, the Bullion Butts
Reservoir, in the Little Missouri River Basin, could be expected to
produce a still smaller effect upon the low-water flow of the Missis-
sippi at St. Louis, than upon the low-water flow of the Missouri at
Kansas City.

D. CONCLUSIONS

83. As a result of the investigation of the effect of the Little
Missouri River flow on Mississippi and Missouri Rivers, the following
conclusions may be stated:

(a) The Little Missouri flood peaks of record have not materially
affected the peak stage of the Mississippi River at Cairo.

(b) Had the entire flow of the Little Missouri been stored during
the 1922 and 1929 Mississippi flood periods, the reductions of the
maximum Cairo peaks would have varied from 0.07 (March 20, 1929)
to 1.16 (April 5-6, 1929) inches. The run-off of the Little Missouri
during the 90-day period (January 28—April 27) was 185,000 acre-feet
in 1922 and 691,000 acre-feet in 1929.

(¢) The Bullion Butte Reservoir (capacity 320,000 acre-feet) could
be constructed on the Little Missouri River to store the run-off from
approximately one half of the total drainage, at a cost of $4,827,000.
Computations indicate that the probable reductions of the Cairo peak
that would have resulted from the 90-day storage operation (January
26—April 25) of the Bullion Butte Reservoir during the 1922 and
1929 flood periods, vary from 0.04 (March 20, 1929) to 0.66 (April
5-6, 1929) of an inch. The total storage would have been 102,000
acre-feet in 1922 and 257,400 acre-feet in 1929. The cost of the
reservoir is excessive, compared to the probable benefits that might
be obtained.

(d) The flow of the Little Missouri has had very little effect on
any major Missouri River flood during the past 31 years. Computa-
tions indicate probable reductions on the Kansas City gage varyin,
from 0.07 to 0.41 of a foot, provided the entire flow were stored, an
from 0.04 to 0.23 of a foot, with the Bullion Butte Reservoir operat-
ing on a 61-day storage plan. Reductions of such a small amount,
even though they could be accomplished, would have no important
bearing upon a general flood-control plan on the Missouri River.
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(¢) Tentative results indicate that the operation of the Bullion
Butte Reservoir in the Little Missouri Basin, would be of little value
to navigation on the lower Missouri and Mississippi Rivers during
a series of critical low-water years, such as 1929, 1930, and 1931.

IV. IrricaTION AND NAVIGATION
A. EXISTING IRRIGATION DEVELOPMENT

- 84. The existing irrigation development within the Little Missouri
Basin is practically negligible. The records of the four States,
drained by this stream, indicate that water-right filings for numerous
small tracts, totaling about 5,500 acres of land, have been granted.
However, the land classification of the Northern Great Plains, pub-
lished in 1929 by the United States Departments of Agriculture and
Interior, show only eight small tracts of irrigated land within the
basin, all of which are located in Harding County, S.Dak. It is
estimated that about 1,000 acres, in tracts of less than 100 acres
each, are irrigated annually from the Little Missouri River and its
tributaries.

B. ECONOMICS OF EXISTING IRRIGATION DEVELOPMENTS

85. There are no available data regarding the cost of construction
or operation and maintenance of the small developments. However,
unit costs of such small private enterprises are always quite low.

C. POTENTIAL IRRIGATION DEVELOPMENTS

 86. General.—The only opportunity for irrigation development of
large continuous areas i1s in the wide valley near Alzada, Mont.
Below Alzada the river enters the Badlands country and the areas
susceptible of irrigation are small isolated tracts, varying in size from
100 to 400 acres, and located in the meanders of the river. A study
of the existing stream-flow data shows that any development, large
or small, would be dependent upon storage reservoirs for a dependable
water supply. :

87. Several investigations have been made regarding the possi-
bility of using lignite coal or natural gas as a fuel for pumping water
to the smaller tracts in the lower basin. However, the necessity of
developing storage for a dependable water supply would make such
& plan economically impracticable. :

88. The Bureau of Reclamation has studied the feasibility of di-
verting water from the Little Missouri River to the Belle Fourche
River. Besides the necessity of providing storage for such water,
the transfer of stream flow from a Montana stream to a stream in
South Dakota, would introduce serious interstate complications that
might defeat such a project.

89. Little Missoury project.—This project is located in the wider
portion of the valley of the Little Missouri Valley near Alzada, Mont.
(See maps ? 15 and 18.) As early as 1912 the Little Missouri Land
& Irrigation Co. proposed to develop this area under the Carey Act.
Reference is made to appendix III for the history and present status
of this early development.

2 Map 15 not printed.
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90. The project, as outlined in this report (for details see appendix
IIT), comprises approximately 25,700 acres of land on the westerly
side of the river. Detailed soil classification shows only about 3,000
acres, located in scattered tracts, suitable for irrigation development.
The irrigable soil is a brown to grayish-brown heavy clay loam, while
the prevailing soil (classed as nonirrigable) is a heavy gray to yellow-
ish-gray clay.

91. Stream-flow data show that the summer flow is quite erratic,
and an analysis of the data (see table 62, appendix II) based on a
water duty of 1.5 acre-feet per acre per annum on the land, indicates
that a reservoir of 4,890 acre-feet capacity would be required to fur-
nish a dependable water supply to the 3,000 acres of irrigable land.
A reservoir site on Cottonwood Creek can be developed to the desir-
able capacity. The reclamation works, consisting of a diversion dam
on the Little Missouri River, 6 miles of diversion canal, Cottonwood
Creek Reservoir, and 24 miles of distribution canal, would cost
$568,000, or $189.33 per acre.

D. ECONOMICS OF POTENTIAL IRRIGATION DEVELOPMENT

92. General.—There are no data available to show the annual
charges that can be successfully paid by the landowners of this basin
for the benefits of irrigation. However, the Federal Yellowstone
project is located in a similar and adjacent basin, and charges made
upon that project amount to the following: Construction repayment,
$1.50; operation and maintenance, $1.10; total charge, $2.60 per acre
per annum.

93. Little Missouri project—The ultimate cost of this project, if
built with private capital, would amount to about twice the original
construction cost. Assuming that the project be financed in accord-
ance with the statutes of Montana; namely, 20-year, 6 percent bonds
to be sold at 90, the total repayment cost would amount to $393.30 per
acre, or an annual repayment charge of $21.85 per acre for construc-
tion alone. Allowing $1 per acre for the cost of operation and main-
tenance, would make the annual charge amount to $22.85 per acre, or
about nine times the charge considered economically feasible.

94, If developed as a Federal project without interest and with a
repayment period of 40 years, the prevailing period on most Govern-
ment projects, the annual charge, including an operation and main-
tenance charge of $1.25 per acre, would amount to $5.98 per acre, or
more than double the amount considered economically practicable.

95. State and Federal records show that annual charges as high as
$5 per acre per annum have been successfully met by owners of irri-
gated land within the Missouri Basin. However, such high charges
can only be carried by lands having the best climatic and soil condi-
tions; less favorable climate or soils necessitate a reduction in the
maximum annual charges that can be paid. It is believed that the
soils and climate of the Little Missouri would not justify payments
greater than on the Lower Yellowstone project, where the annual
charges have been set at $2.60 per acre. Neither is it believed that
conditions are such as to permit a reduction in the probable annual
return below the figure quoted above.

96. To develop the project at the annual cost considered economi-
cally feasible; namely, $2.60 per acre, would require a repayment
period of 140 years.
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E. CONCLUSIONS

97. As a result of this investigation the following conclusions may
be stated:

(e) Existing irrigation in the basin is confined to a few small and
partially irrigated tracts of valley land, the aggregate area of which
amounts to approximately 1,000 acres.

(b) The erratic nature of the stream flow, during the irrigation
season, precludes the possibility of any irrigation development with-
out storage regulation.

(¢) Future irrigation development within this basin is limited to
the Little Missouri project (irrigable area 3,000 acres) and to a few
small individual tracts.

(d) Pumping and storage charges on the smaller tracts would be
prohibitive; furthermore, this type of private development does not
properly fall within the scope of this report.

(¢) Annual cost on the Little Missouri project amount to $22.85 per
acre for private development, or $5.98 per acre if built as a Federal
development. Although charges of $5 per acre per annum have been
met on some of the most favorable projects in the Missouri Basin,
it is not believed that the soils and climate of the Little Missouri
project are such as to justify an annual charge in excess of $2.60 per
acre.

Either of the estimated annual charges for the Little Missouri
project exceeds the limit of economic feasibility by a considerable
margin.

(f) Irrigation, as now practiced, is a minor consideration, and no
feasible potential projects exist within the basin.

F. NAVIGATION

98. The investigation has disclosed no evidences of navigation on
this stream. During the low-water season the water in the river lies
in pools separated by shoals. During periods of extreme drought
there is no flow except the underground seepage between adjacent
pools. Commercial navigation on a stream of this character is im-
practicable.

V. Existing AND PoTrENTIAL POWER DEVELOPMENTS
A. EXISTING POWER DEVELOPMENTS

99. There are no existing power plants in the Little Missouri
River Basin. The only important load centers; namely, Marmarth,
N.Dak., and Wibaux, Mont., are served by the Montana-Dakota
Power Co. by transmission lines from plants located at sources of
cheap fuel supply, outside of the basin. The plant serving Marmarth,
located at Baker, Mont., has a gas engine installation of 1,300 horse-
power driving alternating-current generators of 1,250 kilovolt-
amperes total capacity. Wibaux is served from a plant located at
Glendive, Mont., with steam-turbine installation of 4,020 horse-
power driving alternating-current generators of 3,750 kilovolt-
amperes aggregate capacity.
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B. POTENTIAL WATER POWER DEVELOPMENTS

100. General.—A field reconnaissance of the basin disclosed three
sites which might be utilized for power development. As two of these
sites fall within the pool limits of the third they were abandoned
from consideration in preference to the more favorable downstream
site. The latter, or Bullion Butte site, is located on the main stem
of the Little Missouri River approximately 20 miles south of the
town of Medora, N.Dak. (See map 18, appendix I.)

101. This project was also investigated in connection with the
control of Mississippi River floods. (See paragraphs 57 to 69 of this
report.) The possibilities of its development as an individual power
project and the possibilities of incidental secondary power production,
in combination with flood control operation, were investigated in
sufficient detail to determine the economic status of the project under
both conditions of operation. :

102. Power possibilities.—The following table presents the results
of the potential power project studies:

Bullion Butte power project

Grossthesd:(ept) « mi e i i a e e N e dat g e 104
Normal Head (Raat) o o e M gl S e Ernian [ T 90
Total storage (acre-feet) .. ____________. 320, 000
Useful.storage (dGore-feet) . s o Sif FeliRde Jo i b 0 3 ol 216, 900
Installed capacity (kilowatts) ... _______________________ 11, 000
Average annual power output for maximum development: 3
Kilowath: feik DU Ry LS sl 30l el ol S B 3, 330
Kilopatirqua DNl o La il Seinay el b e Lol v i s e 29, 150, 000
Estimated cost of output, mills per kilowatt-hour, at plant switch-
{eTe7: %y MR RO i R el o O e o e e O R i 30 S 18. 7

103. Power in combination with flood control.—The probable results
which might have been obtained by the operation of the potential
Bullion Butte Reservoir for Mississippi flood control are presented
and discussed in paragraphs 68 and 69 of this report. A study of
incidental power development in connection with the flood-control
project, based on the hypothetical operation for 1922 and 1929, indi-
cated that a power installation of 9,200 kilowatts could have pro-
duced an annual average (for the 2 years) of 26,685,000 kilowatt-
hours of intermittent secondary power. Charging against flood
control all items except the cost of the power plant, generating ma-
chinery, and appurtenances, the capital cost of the 9,200 kilowatt
plant is estimated at $386,400. At 10 percent per annum, the fixed
charge on the plant would be $38,640. The annual cost of operation
and maintenance is estimated at $6,100, placing the total annual
charges against power production at $44,740. Under the above
premises, the cost of the intermittent secondary power would be 1.7
mills per kilowatt-hour. While this unit cost might possibly place
the output in the neighborhood of economical secondary power, the
conditions on which the estimate was based are the most advan-
tageous. Since the frequency of yearly flows of corresponding
magnitude is about 1 year in 4, the average output over a continuous
period would be much less than that indicated by the two flood years.

3 Based on mean flow for all complete hydraulic years of record.
4 Assuming that all power developed could be marketed as primary.
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With annual charges remaining constant, it is apparent that the
power output cost would actually be much greater than 1.7 mills
per kilowatt-hour.

. C. CONCLUSIONS

104. As a result of this investigation of potential power sites the
following conclusions may be stated:

(@) There are no existing power developments in the basin.

(b) Present market is served by the Montana-Dakota Power Co.
by transmission lines from plants located outside the basin.

(¢) The estimated cost of prime-power production for the Bullion
Butte site is 18.7 mills per kilowatt-hour at the plant switchboard,
which is above the range of economical development.

(d) Power development in combination with flood control would
produce only secondary power at widely separated intervals. With
the cost of power house and electrical equipment charged against
power, and all other charges for flowage, dam, and appurtenances,
allocated to flood control, the cost of such intermittent secondary
power would still be too high for economical production.

VI. Bank ErosioN AND SILT
A. GENERAL

105. The Little Missouri River transports a moderate amount of
sediment in suspension. However, the average concentration of sus-
pended sediment in this stream is very high, being approximately
gwo and one half times as great as that of the Missouri at Kansas

ity.

106. The amount of sediment transported per square mile of
drainage area by the Little Missouri is approximately equal to two
thirds of the average for the entire Missouri River Basin. The
Little Missouri is very flashy in its discharge of suspended sediment.
The water discharge may vary from a few second-feet to several
thousand second-feet within a day, and since a large portion of the
drainage basin is made up of badlands, which erode very easily, the
amount of sediment discharged varies within extremely wide limits.
The Little Missouri contributed approximately 1.4 percent of the
sediment transported in suspension by the Missouri past Kansas City
during the period September 19, 1929, to July 31, 1931.

107. The suspended sediment discharge by the Little Missouri into
the Missouri is much finer in mechanical composition than that of
the Missouri, and is transported downstream by the latter without
appreciable deposition. It is not believed that the bed sediment of
the Little Missouri, which is very similar in composition to that of
the Missouri, is discharged in sufficient quantities to seriously affect
the latter.

108. Investigations to determine the nature and quantity of sedi-
ment transported by the Little Missouri were begun by this office
on September 19, 1929, and continued up to July 31, 1931.° The
studies included field, office, and laboratory work.

5 No data was obtained during the period Dec. 1, 1930, to Apr. 2, 1931.
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B. EROSION

109. Bank erosion.—Considerable bank erosion occurs in the
drainage area of the Little Missouri. However, this erosion is of
little importance, economically, as most of it occurs in the lower
course of the river, which is through badlands. The suspended
sediment discharge of the river is greatly augmented by bank erosion.

110. Bed scour.—The channel of the Little Missouri is very un-
stable in its lower course. With every high water, large changes in.
the elevation of the bed occur. Both scouring and deposition occur in:
considerable magnitude. At Medora, N.Dak. (mile 187.9), the United
States Geological Survey has found it necessary to take discharge
measurements very frequently to correct their rating curve for the
changes constantly occurring in the control.

C. SUSPENDED SEDIMENT

111. Quantity of suspended sediment.—Field investigations to de-
termine the quantity of sediment transported in suspension by the
Little Missouri consisted of two types of measurements, as follows:

(@) Precise measurements.—These consisted in gathering water
samples at five different depths from the water surface at stations
distributed at uniform intervals transverse to the stream. The depths
chosen were 1 foot, two tenths depth, five tenths depth, and eight
tenths depth from the surface, and 1 foot from the stream bed.
Stream velocity measurements were made at the same points at
which samples were obtained. After the quantity of suspended sedi-
ment in the various water samples had been determined, vertical
curves were drawn representing the quantity of solid matter trans-
ported at various depths of the stream. Precise computations of the
amount of sediment transported in suspension were based upon the
area under these curves and the cross-sectional area of the stream.

(b) Surface measurements.—These were made by gathering daily,
one sample from the center of the stream near the water surface.
The sediment concentration in this sample, when multiplied by the
““section distribution factor’” as determined by this office and the
water discharge as determined by the United States Geological
Survey, gives the sediment discharge. The section distribution factor
is the ratio of the mean sediment content for the river cross-section
and the sediment concentration in the surface samples.

112. Precise measurements were made at Medora, N.Dak., on 4
days, May 9 to 12, 1931, inclusive. Surface samples were taken
during the periods September 19, 1929, to November 30, 1930, and
April 3, 1931, to July 31, 1931. All field measurements were made
from bridges.

113. Using the data compiled by this office and daily United States
Geological Survey water discharge records, the daily suspended
sediment discharges past Medora were computed.

114. A comparison of the sediment transported in suspension by
the Little Missouri past Medora, N.Dak., and the Missouri past
Kansas City, during the period September 19, 1929, to July 31, 1931,.
is made in the following tabulation:
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Comparison of suspended sediment discharge of the Missouri River past Kansas
City with the Little Mussourt River past Medora, N.Dak.

T N R Gl e P I AL g e NN i EE B Medora, N. | Kansas City,| percent of
. Dak. Mo. Missouri
Plileades Lve: nL - TRUNOMIC W R e B 48R0 kel SUAETL T 380.7 (1929). River sus-
» 2k SRR N e 4 Sl RSt ST RS ST SRS et ST Little Missouri..| Missouri. pended
! sediment
discharged
Suspended Suspended tﬁftttlf:
Month sediment dis- sediment dis- | = : ot
charge charge 5 I%SISV B
1929: Tons Tons
Sepbomiber s il ooy N AR i L T 200 693, 000 0.029
Ogtober. ... i 41, 200 3, 900, 000 1. 060
November..____. % 900 4, 837, 000 .019
December. ... 400 1, 049, 000 . 038
1930:
100 2, 207, 000 005
30, 400 8, 741, 000 348
151, 000 24, 524, 000 615
32, 700 18, 498, 000 177
19, 200 43, 424, 000 044

._
-
On o QO
858
[=X=}=}
aug
O =1
pae
S8>
888
—Cd W
TGN
PSx]
oMo

October_ __ £ A 6, 484, 000 052
November 1 200 5, 980, 000 . 003
December. ... 22,300 1, 510, 000 . 162
1931:
January - 22,400 923, 000 . 260
Februar 2 14, 200 3,032, 000 . 468
March 213,100 2, 856, 000 . 458
April- 2 26, 800 5, 924, 000 . 452
May- 700 3, 780, 000 .019
June_. 530, 000 16, 663, 000 3.180
B aasn 2 MR S L R I A e R e T 374, 000 8, 611, 000 4. 340
3711 Vil P L R R - Wie RSN OPE NS S I T B8 2,964, 100 218, 628, 000 31.350
Mosgaaonthiy ol sl o e i SR LT SHEE 0N el Ok N 132, 000 9, 760, 000 31.350
Maximum monthly.___ 1, 330, 000 43, 424, 000 4,340
2D s e i Y el T v ] A R R T e Aot ANEVRT SRS § 5 Pl M 100 923, 000 . 003

1 Sept. 19 to 30, inclusive.

2 Sediment discharge during the period Dec. 1, 1930, to Apr. 2, 1931, taken from water discharge-sediment
discharge curve.

3 These figures are based on the total and mean sediment discharges; not on the percentage data in the
column above.

115. The above table shows that the suspended sediment discharge
of the Little Missouri varies widely. During June 1930 the Little
Missouri discharged 44.8 percent of the suspended sediment discharged
during the period September 19, 1929 to July 31, 1931. The ratio of
the maximum monthly suspended sediment discharge to the minimum
was 13,300 to 1 during the period September 19, 1929 to July 31, 1931.
The corresponding ratio for the Missouri at Kansas City is only 47 to 1.
During the same period the Little Missouri discharged 1.35 percent
of the suspended sediment discharged by the Missouri past Kansas
City. At times the suspended sediment discharge of the Little
Missouri may be approximately 5 percent of that of the Missouri past
Kansas City. Thus, during June 1930 and July 1931 the Little
Missouri discharged respectively 4.22 and 4.34 percent of the sedi-
ment transported in suspension past Kansas City by the Missouri.
However, in November 1930 the Little Missouri contributed only
%_003 percent of the suspended sediment transported past Kansas

1ty.

116. The sedimentary load of the Little Missouri is transported
downstream by the Missouri with only slight deposition occurring.
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This is true because the suspended sediment of the Little Missouri is
finer in mechanical composition than that of the Missouri.

117. The following table is arranged to give some conception of
the relation of the sediment discharge of the Little Missouri past
Medora and the Missouri past Kansas City. The relations presented
are not intended to give any index concerning the seriousness of
erosion, but they do show the relative quantities of solid material
transported away from the respective drainage areas.

Comparison of relative quantities of suspended sediment transported by the Missour:
and Little Missourt Rivers

[Period, Sept. 19, 1929 to July 31, 1931]

2§ e R R S SR PO T Little Missouri-.._._._ Missouri.
S EalTE Y S M RN RIS R S TR T AR s D L R ARl - 0 Medora, N.Dak._..__._ Kansas City, Mo.
fi7 0 170 TRER G STDR RIS e i ERE Tl R RS SO e T N Y 1870 . St oo S 380.7 (1929).

Ratio of total sediment discharge to total water discharge | 1:131 (7,630 parts per | 1:307 (3,250 parts per
by weight. million). million).

Sediment discharge per square mile of drainage area in | 469____________________ 444, ’
tons. .

Amount (depth in inches) of erosion over drainage area | 0.0040.. . ......._.__.__ 0.0038.
represented by suspended sediment discharge, assum-
ing 100 pounds of sediment to represent 1 cubic foot of
natural earth deposit.

118. The above table shows that the average suspended sediment
concentration of the Little Missouri (7,630 parts per million by
weight) was approximately two and one half times as great as that of
the Missouri (3,250 parts per million). The high suspended-sedi-
ment concentration of the Little Missouri results because of the high
rate of erosion of the badlands which make up a large portion of its
drainage basin. The amount of suspended sediment discharged per
square mile of drainage area and the average depth of erosion were
about the same for the Little Missouri above Medora as for the entire
Missouri Basin above Kansas City during the period of comparison,
September 19, 1929, to July 31, 1931.

119. Character of suspended sediment.—Investigations of the char-
acter of the suspended sediment transported by the Little Missouri
were confined to studies of the mechanical composition, because the
size of sediment particles, or rather, the rate at which they settle
through still water, largely determines the facility with which a
stream can transport them.

120. Suspended-sediment samples were analyzed for their mechani-
cal composition by elutriation. The details of the process are given
in the report on sediment and erosion of the Missouri River.

121. Two types of suspended-sediment samples were analyzed,
namely:

(@) Composite samples made up from the sediment samples sent
in to the laboratory for quantitative analyses. Such composite
samples were made up for each sampling station to cover the entire
period of sampling.

(b) Individual samples taken from the stream at various depths,
The results of these analyses indicate the mechanical composition of
the suspended sediment at various depths of the stream at the time
the samples were gathered.
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- 122. These data for the Little Missouri River Basin are summarized
in table 63, appendix 2, and chart 27, appendix I.

123. The sediment transported in suspension by the Little Missouri
River is much finer in mechanical composition than that transported
past Kansas City by the Missouri. Chart 27, appendix I, compares
the mechanical composition of a composite sample made up of dawy
suspended-sediment samples taken on the Little Missouri River at
Medora with a similar sample made up from suspended-sediment
samples gathered daily from the Missouri River at Kansas City,
which are represented by curves 1 and 2, respectively. The mean
sizes of particles carried by the Missouri past Kansas City and the
Little Missouri past Medora are 0.0178 millimeter and 0.00434
millimeter, respectively. The amount of material which classifies
as silt or finer (diameter of particles less than one sixteenth mm) is
72.2 percent for the Missouri and 96.8 percent for the Little Missouri
at the above stations. The composition of the suspended sediment
transported by the Missouri in the vicinity of the Little Missouri,
however, is considerably finer than that at Kansas City, and is only
slightly coarser than that of the Little Missouri. This is indicated
by the analysis of a composite sample obtained at Williston, N.Dak.,
upstream of the Little Missouri and below the Yellowstone River,
which showed 89.8 percent of the sediment to be finer than one
sixteenth millimeter. It is believed, however, that the sedimentary
load of the Little Missouri is transported away with little deposition.
This is true because the sedimentary load of the Missouri above the
Little Missouri is limited by the amount of sediment it receives
rather than by its capacity to transport the sediment.

D. BED SEDIMENT

124, Character of bed sediment.—The sediment forming the bed of
the Little Missouri River increases in coarseness with the distance
from the mouth. The lower course of the stream is through badlands
and the bed is composed of material which is finer in comparison to
the bed material upstream than ordinarily obtains. The bed material
of the Little Missouri in the vicinity of Medora is quite similar to that
of the Missouri below Kansas City.

125. Investigations of the character of the bed consisted of collect-
ing and analyzing samples of the bed sediment to determine the
mechanical composition.

126. Two sets of bed sediment samples were obtained from the
Little Missouri River at Medora, N. Dak., in May 1931. Each set
consisted of 9 samples taken on a section transverse to the river
channel, extending from high-water mark to high-water mark.

127. In order to determine the average composition of the bed sedi-
ment of a stream, it is necessary to obtain samples throughout the
length of the stream, unless there is a large amount of bed sediment
movement downstream. When the stream bed shifts and changes
rapidly, the movement of bed sediment is usually large, and the com-
position of the bed is much more uniform throughout the stream than
1n the case of a stream with a more stable bottom. In the case of the
Little Missouri, a moderate amount of movement of the bed material
is indicated. It is believed that the samples obtained are quite rep-
resentative of the bed material throughout the lower course of the
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river. But there is a possibility that the samples secured represent
only the section of the stream bed where the samples were taken.

128. The following table gives a comparison of the average of 1,315
bed-sediment samples taken from the Missouri River between Kansas
City and the mouth in August and September 1929 and the average
of the samples taken from the Little Missouri at Medora, N.Dak.,
described in paragraph 126.

Comparison of average bed sediment of Missouri River with average bed sediment of
! Little Missouri River

Missouri --| Little Missouri.

August to Sep- | May 1931.
tember 1929.

Kansas City to | Medora, N.Dak.

mouth.
0.0 to 380.7 (1929) | 187.9.
AT SR 28

WG e, 7.9.

Number of samples in average....
Percent smaller than 64 mm.

General classification.........._.__.___ Rl ) e.

(a) Clay (smaller than 1456 mm).
(b) Silt:

Fine and very fine (3456 to Y64 mm)_________________________

Medium and coarse (Y64 to Jie mm)_ oo 3
(¢) Very fine sand (}{s to ¥ mm).____ i
(d) Fine sand (6 to ¥4 mm).___ a
(e) Medium sand (% to % mm) E
(f) Coarse sand (¥ to 1 mm)__. %
(g) Very coarse sand (1 to 2 mm)._ 4
(h) Granule gravel (2to4 mm)._.___ %
(i) Pebble gravel (4to 64 mm)_____.__ o
(j) Cobble gravel (larger than 64 mm)_.. 2
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129. The above table indicates that the Little Missouri River bed
sediment is very similar to the bed material of the Missouri. This
relation is also shown graphically by curves 3 and 4 on chart 27,
appendix I. An examination of these curves shows that the Little
Missouri sediment contains slightly more pebble gravel and silt than
the Missouri River bed sediment. The general classification of both
sediments is medium sand and their mean sizes are approximately
the same.

130. Bed sediment transportation.—The character of the stream bed
of the Little Missouri indicates that there is a moderate amount of
bed sediment movement downstream. It is believed that this mate-
rial is transported away by the Missouri without appreciable deposi-
tion. This 1s indicated by the fact that the Little Missouri bed sedi-
ment is of approximately the same mechanical composition as that
of the lower Missouri.

E. SILTING OF RESERVOIRS

131. General.—With the data obtained regarding the transportation
of suspended sediment by the Little Missouri River as a basis, compu-
tations were made to determine the rate of silting to be expected in
several proposed reservoirs in the Little Missouri River Basin.

132. Determinations of silt content of the river water were made on
a weight basis, this procedure being more accurate as well as more
convenient than determinations on a volume basis. The conversion
from weight to volume involves a number of uncertainties. Where

179245—33——4
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sediment is collected in a reservoir the weight per unit volume of the
deposited material is different at different points. The heavier
particles will be deposited near the upstream end of the reservoir;
farther downstream very light and sometimes even flocculent deposits
will be found. The pressure of later deposits upon material which is
first deposited causes an unknown amount of compacting of the
lower layers. Alternate drying and wetting of the material results in
further changes in volume. Hence, there is considerable uncertainty
in the choice of the proper conversion factor.

133. Studies of the deposits of the Colorado River indicate the
weight to range from a minimum of 32 pounds to over 105 pounds per
cubic foot.® The unit weight of these deposits depended upon such
factors as size of particles, composition, manner of mixing, consoli-
dation, and, especially, moisture content. The average dry weight
per cubic foot of sediment deposited in settling basins as determined
from settling basins in the Imperial Valley of California was 42 pounds.
The average dry weight per cubic foot of 10 samples taken from the
settling basins of the Kansas City, Kans., waterworks on the Missouri
River was 45.3 pounds. This figure seems reasonable for very freshly
deposited sediment which has not been subjected to alternate drying
and wetting nor to the superimposed loads of subsequent deposits.

134. In the computations to determine the rate of silting of poten-
tial reservoirs in the Little Missouri River Basin, 50 pounds of sedi-
ment, dry weight, was assumed to occupy a cubic foot when deposited
under water in a reservoir. The weight of the deposit several years
after deposition was taken as 75 pounds per cubic foot. It was also
assumed, unless otherwise indicated, that the entire suspended load
(fif the river would be deposited in the reservoir into which the stream

OWS.

135. Cottonwood Creek Reservoir.—A computation was made to
determine the rate of silting to be expected in the potential Cotton-
wood Creek Reservoir site. This site is located on Cottonwood Creek,
near its mouth. Cottonwood Creek enters the Little Missouri at mile
465. This reservoir will catch all of the sediment discharged by
Cottonwood Creek and that carried in the water diverted from the
Little Missouri into the reservoir. Assuming the same rate of run-off
to obtain in the drainage basin of Cottonwood Creek above the reser-
voir as occurs in the drainage basin of the Little Missouri above
Cottonwood Creek, the average annual water discharge of Cottonwood
Creek is approximately 8,000 acre-feet. The average sediment con-
centration of the Little Missouri River was 7,630 parts per million by
weight during the period of sampling by this office. For this compu-
tation the average sediment concentration of the water discharged by
Cottonwood Creek is assumed to be about the same as that of the
Little Missouri or 8,000 parts per million. The average annual sedi-
ment discharge of Cottonwood Creek is approximately 87,000 tons,
which is equivalent to 80 acre-feet of freshly deposited sediment. It
is believed that only a small amount of coarse debris or bed sediment
would be deposited in the reservoir. Assuming 10,000 acre-feet to be
the average annual amount of water diverted from the Little Missouri
into the reservoir and the average sediment concentration of this
water to be 8,000 parts per million, 109,000 tons or 100 acre-feet of
freshly deposited sediment would be deposited in the reservoir by

¢ Fortier, Samuel, and Blaney, H. F., Silt in the Colorado River and its Relation to Irrigation. U.S,
Department of Agriculture Technical Bulletin No. 67.
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the diverted water. The total average annual amount of sediment
that may be expected to deposit in the reservoir is 196,000 tons or
180 acre-feet of freshly deposited sediment. This is equivalent to 120
acre-feet, of sediment that has been deposited a number of years. On
the basis of an effective average annual deposition of 120 acre-feet
of sediment this reservoir would be completely filled with sediment
iin 41 years if no provisions were made for sluicing out the sediment
eposit.

136. Bullion Butte Reservoir—A computation was made to deter-
mine the amount of sediment that can be expected to deposit in the
Bullion Butte Reservoir. This reservoir, which is located at mile 241
on the Little Missouri River, has a capacity of 320,000 acre-feet.
Based on the suspended sediment discharge records for the Little
Missouri at Medora, a sediment discharge—water discharge curve
was constructed. Suspended sediment discharges were obtained from
this curve to supplement the periods of measurement so that sediment
discharges were had for the period October 1, 1921, to September
30, 1931. It appears from this estimate covering approximately
10 years that the average annual sediment discharge of the Little
Missouri past Medora is approximately 8,600,000 tons. This is
equivalent to 7,900 acre-feet of freshly deposited sediment or 5,270
acre-feet of sediment that has been deposited a number of years.
During years of high-water discharge, the suspended sediment dis-
charge is much higher than the average figure given above. For
instance during the year October 1, 1928, to September 30, 1929,
the suspended sediment discharge was approximately 22,000,000 tons
or approximately two and five tenths times as great as the average
annual suspended sediment discharge. A moderate amount of bed
sediment would probably be deposited in such a reservoir. It is
believed that the volume of bed sediment deposited would not exceed
5 percent of the volume of the suspended sediment. Based on the
above figures, the ultimate silting of this reservoir would occur in
approximately 61 years, if no provisions were made for sluicing out
the sediment deposit. Assuming bed sediment equal to 5 percent of
the volume of the suspended sediment, the ultimate silting of the
reservoir would result in only 58 years.

F. CONCLUSIONS

137. The following conclusions may be drawn from the silt investi-
gation on the Little Missouri River:

(@) The amount of sediment discharged by the Little Missouri
into the Missouri was quite small during the period of observation,
September 19, 1929, to July 31, 1931, being approximately 1,600,000
tons annually. However, an estimate for the 10-year period 1921 to
1931, places the average annual figure at 8,600,000 tons.

(b) The suspended load of the Little Missouri is composed of finer
sediment than that transported by the Missouri; consequently the
sedimentary load contributed by the Little Missouri is readily carried
in suspension by the Missouri.

(¢) The Little Missouri has only one important tributary, Beaver
Creek, and this tributary does not appreciably influence the sedi-
mentary characteristics of the main stream.

(d) The average amount of sediment discharged per square mile of
drainage area by the Little Missouri past Medora, N.Dak., during
the period of investigation, was approximately the same as that
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discharged by the Missouri per square mile of drainage area above
Kansas City.

(e) A moderate amount of sediment is indicated to be transported
along the bed of the Little Missouri, the bed sediment being quite
similar in composition to that of the Missouri. It isnot believed that
the material transported along the bed exceeds 5 percent of the
suspended load.

(f) Studies made to determine the silting that may be expected in
reservoirs in the Little Missouri Basin indicate that silting is of
extreme importance in a consideration of such reservoirs. An aver-
age of 196,000 tons, not including bed sediment (which is thought to
be negligible in this instance), or 180 acre-feet of freshly deposited
sediment assumed equivalent to 120 acre-feet of sediment that has
been deposited a number of years, may be expected to deposit in
the potential Cottonwood Creek Reservoir. At such a rate of deposi-
tion, this reservoir would silt up completely in approximately 41
years, if no desilting works were installed. Studies indicate that an
average annual amount of 8,600,000 tons of suspended sediment which
is assumed equivalent to 5,270 acre-feet of sediment that has been
deposited a number of years, might be expected to deposit in the
potential Bullion Butte Reservoir. At this rate of deposition, the
reservoir would silt up completely in approximately 61 years. Assum-
ing the volume of bed sediment to equal 5 percent of the suspended
load, the average annual volume of sediment deposit would be 5,530
acre-feet. At such a rate of deposition the reservoir would be filled
with sediment in approximately 58 years.

VII. CoNCLUSIONS

138. Flood control in the Little Missouri Basin.—The Little Missouri
Basin is not ‘“subject to destructive floods” within the meaning of
section 10 of the act of May 15, 1928. The areas subject to overflow
are small and scattered, and the resulting flood damage does not
justify the preparation of a flood-control plan.

139. The flooded area within the town of Marmarth, N.Dak., can
be protected from the 100-year flood by means of levee construction
at an estimated cost of $80,700. The average annual loss at Mar-
marth during the 23-year period (1908-30, inclusive) was estimated
at $4,350, which if capitalized at 5 percent, amounts to $87,000.
The capitalized annual flood loss exceeds the estimated cost and the
plan is believed to be feasible from an economic standpoint.

140. The overflow area within the town of Wibaux, Mont., can be
protected from a flood of 33,000 second-feet (the greatest of record),
by means of levee construction, at an estimated cost of $126,700.
The total assessed valuation of the municipal area in 1929 was
$775,514.

141. Approximately 90 percent, or $698,000 worth of business and
residential property, would be affected. In view of the menace to
human life and the cost of the proposed flood-protection works com-
pared to the assessed valuation of the property to be protected, the
plan appears to be justifiable from an economic standpoint. (See
pt. IT, A and B.)

142. Irrigation.—The development of irrigation in the Little Mis-
souri Basin is of minor importance. Existing irrigation is limited to
about 1,000 acres of valley lands in small units of not more than
100 acres each.
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143. The climatic conditions existing within the basin are such that
the practice of irrigation would materially increase crop production.
‘However, the possibility of any large development is limited to that
part of the valley lying within the vicinity of Alzada, Mont. This
area, called the “Little Missouri project’’, consists of about 25,700
acres of land on the westerly side of the river, only 3,000 acres of
which are suitable for irrigation. To develop the above area would
require a reservoir of 4,890 acre-feet. It is estimated that the cost
-of constructing the irrigation works would amount to $189.33 per acre.

144. The development of the Little Missouri project by private
enterprise would necessitate an annual charge of approximately $22.85
per acre, while the annual charge under Federal development would
amount to $5.98 per acre. Both of these are considerably in excess
of the amount considered economically feasible in this basin; namely,
$2.60 per acre. Therefore, the development of the only large project
within the Little Missouri Basin is impracticable.

145. While irrigation development of small isolated areas along
the river valley below Alzada, Mont., are possible, the costs of pump-
ing and construction of the necessary storage facilities would prove
prohibitive.

146. Navigation.—The erratic and extremely small flow of the Little
Missouri River during the low-water season renders its development
in the interest of navigation entirely impracticable.

147. Water power.—There are no existing power plants within the
Little Missouri Basin. The present requirements are limited to the
city lighting loads of Marmarth, N.Dak., and Wibaux, Mont., and are
supplied by the Montana-Dakota Power Co.’s transmission lines
from plants located outside of this basin. At the present time there
are no additional power markets within the basin, and any additional
power developments would depend upon the requirements of areas
adjacent to this basin for their market.

148. There is a site for hydroelectric development on the Little
Missouri River near the town of Medora, N.Dak. It would produce
an average output of approximately 29,150,000 kilowatt-hours at a
cost of 18.7 mills per kilowatt-hour at the plant switchboard, which
is above the range of economical development. The cost of power
development in connection with flood control is too costly to be con-
sidered as feasible.

149. This investigation has revealed no power projects, the cost of
which would be within the range of economical development.

150. Bank erosion and silt.—A moderate amount of bank erosion
occurs in the Little Missouri River Basin. However, this erosion is
of little importance, economically, as most of it occurs in the lower
course of the river which is through badlands. There is considerable
scouring and shifting of the bed.

151. The average annual suspended sediment discharge of the
Little Missouri was approximately 1,600,000 tons, or 1.4 percent of
that transported by the Missouri past Kansas City, during the period
September 19, 1929, to July 31, 1931. At times, however, the sus-
pended sediment discharge of the Little Missouri was approximately
5 percent of that of the Missouri. (See table shown in par. 114 for
data on suspended sediment discharge of Little Missouri and Missouri
Rivers.) An estimate of the suspended sediment discharge of the
Little Missouri during the 10-year period, October 1,1921, to September
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30, 1931, based on a water discharge-sediment discharge curve, places
the average annual suspended sediment discharge of the Little Missouri
at 8,600,000 tons. The suspended load of the Little Missouri is com-
posed of a much finer sediment than that transported by the Missouri.
Consequently, the sedimentary load contributed by the Little Missouri
is held in suspension and transported downstream by the Missouri
without appreciable deposition.

152. Studies indicate that the average annual amount of sediment
that may be expected to deposit in the potential Cottonwood Creek
Reservoir is approximately 196,000 tons, or 120 acre-feet, of sediment
that has been deposited a number of years. These figures for the
potential Bullion Butte Reservoir are 8,600,000 tons, or 5,270 acre-
feet, of sediment that has been deposited a number of years. Assum-
ing the bed sediment load to equal 5 percent of the suspended load,
5,530 acre-feet of sediment may be expected to deposit in the Bullion
Butte Reservoir annually. Where practicable, desilting works should
]’%e included in the construction of reservoirs in the Little Missouri

asin.

153. Special data required by section 10 of the act of May 15,1928 —
“The effect * * * of further flood control of the lower Mis-
sissippi River, to be attained through the control of flood water in the
‘Little Missouri Basin’ by establishment of a reservoir system.”
The Little Missouri flood peaks in the past have not materially affected
the peak stage of the Mississippi River at Cairo. Had the entire
flow of Little Missouri River been stored during the 1922 and 1929
Mississippi flood periods, the reductions of the maximum Cairo peaks
would have varied from 0.07 (Mar. 20, 1929) to 1.16 (Apr. 5-6, 1929)
inches. The run-off of the Little Missouri during the 90-day period
(Jan. 28—Apr. 27), was 185,000 acre-feet in 1922 and 691,000 acre-
feet in 1929.

154. The Bullion Butte Reservoir (capacity 320,000 acre-feet)
could be constructed on the Little Missouri River, to store the run-off
from approximately one half of the total drainage area, at a cost of
$4,827,000. Computations indicate the probable reductions of the
Cairo peak, that would result from the 90-day storage operation
(Jan. 26—Apr. 25) of the Bullion Butte Reservoir during the 1922
and 1929 flood periods, vary from 0.04 (Mar. 20, 1929) to 0.66 (Apr.
5-6, 1929) of an inch. The total storage would have been 102,000
acre-feet in 1922 and 257,400 acre-feet in 1929. The cost of the
reservoir is excessive compared to the probable benefits that might
be obtained. :

155. The flow of the Little Missouri River has had very little effect
on any major Missouri flood during the past 31 years. Computations
indicate probable reductions on the Kansas City gage, varying from
0.07 to 0.41 of a foot, provided the entire flow were stored, and from
0.04 to 0.23 of a foot with the Bullion Butte Reservoir operating on a
61-day storage plan. Reductions of such a small amount, even though
they could be accomplished, would have no important bearing upon
a general flood-control plan on the Missouri River.

156. Tentative results indicate that the operation of the Bullion
Butte Reservoir in the Little Missouri Basin would be of little value
to navigation on the lower Missouri or Mississippi Rivers during a
series of critical low-water years, such as 1929, 1930, and 1931. (See
pt. ITI, A to D, inclusive.)
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157. “The benefits that will accrue to navigation and agriculture
from the prevention of erosion and siltage entering the stream.”
There is no commercial navigation on the Little Missouri River, nor
are there prospects of any. Considerable bank erosion occurs in the
drainage area of the Little Missouri. However, this erosion is of
little importance economically as most of it occurs in the lower portion
of the river, which flows through badlands. The suspended sediment
discharge of the river is greatly augmented by bank erosion. How-
ever, the holding back of the sediment of the Little Missouri River
would have little effect on navigation on the Missouri River. Agri-
culture suffers no damage from ‘‘siltage entering the stream’’ other
than from the washing of soils by heavy rains. The conditions of
surface erosion, of course, occur all over the United States and are
apparently outside the scope of the investigation by the Department,
under the existing laws. (See pts. IV and VI.)

158. ““A determination of the capacity of the soils of the district
to receive and hold waters from such reservoirs.” The larger part
of the soils of the Little Missouri Basin are derived from the Pierre
shales. These soils offer very little opportunity for the retention of
reservoired water. (See pt. I.)

159. “The prospective income from the disposal of reservoired
waters.”” Due to the large cost of irrigation and, power develop-
ment within the Little Missouri Basin and the 1mpractlcab1hty of
constructing such plants, there could be no income from the dis-
posal of reservoired waters. (See pts. IV and V.)

160. “The extent to which reservoired waters may be made avail-
able for public or private uses.” If costs be disregarded and complete
control of the Little Missouri River assumed, reservoired waters in
combination with natural flow could be made available for the
development of 3,000 acres of irrigable land in the Little Missouri
project, and an annual output of 3,330 kilowatts of primary power at
the Bullion Butte power site. If the above developments were under-
taken, the benefits to navigation would be insignificant. The above
power development clearly falls in the classification described in
paragraph 2, subparagraph (¢), House Document 308, first session,
Sixty-ninth Congress The benefits to navigation derived from this
project would be negligible. (See pts. IV and V.)

161. “Inquiry as to the return flow placed on these soils from the
reservoirs and as to their stabilizing effect on stream flow as a means
of preventing erosion, siltage, and improving navigation.” A phe-
nomenon of irrigation development, commonly known as “return
flow”’, would not be appreciably noticed from any possible irrigation
development within the Little Missouri River Basin. The possible
development of water-power plants within the basin also would have
no considerable effects upon the stream flow. Development of the
Bullion Butte site, either in the interest of power or flood control,
would not have a decidedly beneficial effect on erosion in the Little
Missouri Basin, as this site is located within the lower portion of
the basin. (See pts. IIT A, IV, and V.)

VIII. PuaN oF DEVELOPMENT

162. Under existing conditions it appears that the only feasible
plan of development in the Little Missouri Basin would include local
flood-protection plans for the towns of Marmarth, N.Dak., and Wi-
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baux, Mont., outlined in paragraphs 45 to 55, inclusive. The esti-
mated total cost for Marmarth, N.Dak., is $80,700 and for Wibaux,
Mont., $126,700. Both plans are considered feasible from an eco-
nomic standpoint.

163. Federal interest—There is no Federal interest in the flood-
control plans for the protection of Marmarth, N.Dak., and Wibaux,
Mont., on the score of flood control and/or navigation benefits on
the Mississippi and/or Missouri Rivers. What interest the Federal
Government might have in subsidizing or cooperating in a local flood-
control plan here or elsewhere is unknown to this office. This is a
matter of national policy for Congress to determine.

IX. RECOMMENDATIONS

164. It is recommended that the projects for the protection of
flooded areas in Marmarth, N.Dak., and Wibaux, Mont., as outlined
in paragraphs 45 to 55, be adopted by the Department as an approved
plan for local flood control in the Little Missouri Basin, as required
by House Document 308, Sixty-ninth Congress, first session (law by
act of January 21, 1927 (H.R. 11616, 69th Cong., 2d sess.)), and by
section 10 of the act of May 15, 1928 (S. 3740, 70th Cong., 1st sess.);
and that this report be printed.

TrEODORE WYMAN, Jr.,
Captain, Corps of Engineers,
District Engineer.
ArrENDIX I
List or Maps AND CHARTS

[Only maps 2 and 18 and charts 21-27 printed. Blueprint copies of the illus-
trations not printed, may be procured at cost of reproduction, from the District
Engineer, United States Engineer Office, Kansas City, Mo.]
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Missouri River Basin—Location of Little Missouri River Basin.

Tributaries, towns, and public land lines.

Topography and mapped areas.

Weather Bureau stations and precipitation.

Annual mean temperatures.

Spring and fall killing frosts.

Average days without frost.

Population density by counties.

Highways and railways.

10. Gaging stations.

11. Storm of May 25-29, 1929.

12. Flood protection plan—Marmarth, N.Dak.

13. Flood protection plan—Wibaux, Mont.

14. Bullion Butte proposed flood control dam.

15. Little Missouri potential irrigation project with soil classification.

16. Li%le Missouri potential irrigation project—Cottonwood Creek Storage
am.

17. Little Missouri potential irrigation project—Diversion dam.

18. Existing and potential flood control, irrigation, and power projects.
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21. Profile.
22. Duration of records—Discharge, river stage, and precipitation stations.
23-24. Daily hydrograph of Little Missouri River at Medora, N.Dak.
25-26. Daily hydrograph of Little Missouri River near Alzada, Mont.
27. Comparison of sediment in Little Missouri River and Missouri River Basins.
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County | Density
State and county 1900 1910 1920 1930 area in | popula-

basin tion
Square |Persquare

Montana: miles mile
TR bl oo L R ] £ i IO 2, 900 3,020 2,496 ]

‘Wyoming: Crook.__.._________

@yand total .2 .z il
Other counties. _..._.._ 2 .1 ___

Total arod.c.c= ot on

___________ 410 840 1,270 1,270 690 1.8
___________ 4,570 17,410 25, 600 24,770 9, 4;3 2.6
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TABLE 2.—Land and farm area

County et Unim- :
proved, | Woodland, Not in
State and county alt)eaZiif in farms | in farms Rz ?:r‘ig's farms
1910
Montana: Acres Acres Acres Acres Acres
Cluisbersr T aUh e o DY el 2, 089, 600 31, 150 7,740 194, 010 1, 856, 700
D 787 e N M ARl LI 111, 360 1,830 120 4,120 105, 290
e T R I B R T L o L 2, 200, 960 32, 980 7,860 198, 130 1, 961, 990
North Dakota:
15T R M R U B G Y 1, 640, 320 163, 550 930 209, 280 1, 266, 560
Bowinafaieace. Lo St SR detns s 00 o 13, 600 56, 400 290 34, 890 222, 020
15051y Ay < N A T e RN 372, 480 36, 880 1, 010 76, 330 258, 260
BcRenaia. Ji. - T L e e 712, 960 36, 210 2,770 66, 610 607, 370
JEOERISC e A e 8 R I v L 3,039, 360 293, 040 5, 000 387,110 2, 354, 210
South Dakota, Harding___________________ 380, 800 10, 390 210 41,140 329, 060
Wyoming; Onopke: . 1l i ol el | 458,880 13, 540 11, 200 59, 610 374, 530
Grandiotal: - cre 20 SR sl i 6, 080, 000 349, 950 24, 270 685, 990 5,019, 790
1920
Montana:
1, 597, 440 61, 150 12, 570 333, 260 1, 190, 460
, 60, 140 170 141, 560 78, 930
222,720 53,310 200 74, 230 94, 980
2, 200, 960 174, 600 12,940 549, 050 1,464,370
513, 280 71, 090 2, 850 250, 520 188, 820
313, 600 71,940 1, 630 130, 180 109, 850
372, 480 85, 010 1, 270 122, 590 163, 610
Gloddon Vallew. 2. 00 25 ) 8 i oy 615, 040 222,770 16, 470 272, 750 103, 050
([ DA T T R RS I T 712, 960 138, 230 , 3 323, 300 245,040
G Lol O S e b O i P 512, 000 140, 130 171, 370 199, 700
Patals 2 o T s e i 3,039, 360 729,170 29,410 | 1,270,710 1,010, 070
South Dakota, Harding._ . .________________ 380, 800 22, 760 1, 610 245, 570 110, 860
‘Wyoming:
Brable Jagda A Lud el L e 441, 600 29, 120 31,410 157, 960 223,110
iy M RS CESITRS A, S e e ST RS AT
6, 080, 000 955, 650 75,370 ' 2,223,290 2, 808, 410
1, 597, 440 184, 300 ;720 442, 240 959, 130
380, 800 99, 450 670 106, 990 173, 690
222,720 58, 710 340 40, 970 122, 700
2, 200, 960 342, 460 12, 780 590, 200 1, 255, 520
513, 280 115, 220 1,270 144, 400 252, 390
313, 600 102, 600 110 91,710 119, 180
372,480 138, 270 2,030 122, 950 109, 230
615, 040 193, 190 500 151, 260 270, 090
712, 960 147, 800 6, 660 185, 360 373, 140
512, 000 140, 600 2,470 103, 690 265, 240
3, 039, 360 837, 680 13, 040 799, 370 1, 389, 270
South Dakota, Harding. __________________ 380, 800 133, 260 1,050 143, 000 103, 490
‘Wyoming:
Oropk. o _on i T ol 441, 600 50, 140 33, 930 180, 760 176, 770
Otherconnties ! - __- .= 2 i L. i ERREE ORI o e SR I S R 8 e e R
Aranddoral. . coodee o coosal iil 6, 080,000 | 1,363, 540 60,800 | 1,713,330 2, 925, 050

1 Portions of counties too small to tabulate.
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TaBLE 3.—Agricultural production—Barley

Acres Bushels

Value,
1925

State and county
1910 1920 1925 1910 1920 1925

Montana:

i o 1 M D U 190 450 3,230 4,000 1,010 64,110 50, 010
North Dakota:
1T R R e e R SR 2,100 430 2,750 61,190 930 57,020 34, 210
Bowman. . 740 270 2,010 18, 410 490 43,190 25,910
unn: . s 460 1,740 3,020 11, 150 9,920 66, 880 40, 130
Golden Valley..c.ial il o fei oo v 650 B.160 | 3 il 2,140 75,990 45, 590
MecKenzie 420 610 1,750 13, 480 3, 580 47,100 28, 260
0 i D e DR N o R iy (0 370 2,400 fo. o 1,890 51,700 31,020
SToalref- sy o It TNL 0 3,720 4,070 15,180 | 104,230 18,950 | 341,880 205, 120
South Dakota, Harding 90 140 540 2,130 480 12, 380 7, 550
‘Wyoming, Crook._.. 140 50 380 3,510 690 6,150 5,350
Qrandtotal. -l o il g 4,140 4,710 19,330 | 113,870 21,130 | 424,520 268, 030"

TABLE 4.—Agricultural production—Corn

Acres Bushels
State and county Vl%lgﬁe'
1910 1920 1925 1910 1920 1925
Montana:
$41, 840

250 4,850 18, 600 1,420 60, 910

40 90 26,100 190 1,630 1,220

170 860 9, 460 990 14, 260 10, 700

190 480 13, 580 2,240 5, 560 4,170

210 3.1, MO R v 1,400 7,300 5,480

190 620 13, 080 2,070 10,910 8, 180

220 1, RN 1,290 7,910 5,930

1,020 3,050 62, 220 8,180 47,570 35, 680

South Dakota, Harding. 390 400 630 7,870 1,450 11,070 8, 860
Wyoming, Crook.. 400 160 860 8,150 1,280 11, 240 11, 460

Grand tobal....coiidiall 3,850 1,830 9,390 96, 840 12,330 | 130,790 121,170
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TaBLr 5.—Agricultural production—Flaxseed

Acres Bushels
State and county Vfg;,?’
1910 1920 1925 1910 1920 1925
Montana:
Carter. 20 12,930 $30, 510
Custer.. e “
PIOMANTI £ 2n ool o et UGy T S oo s st s B TR e . %
Fallon. .. 100 , 630 , 330
G110 R TS . L 710 28, 550 67, 380
830 61,110 144, 220
1,000 1,480 37,740 , 090
30 7,370 36,170 70 48,340 117,950
3,020 7, 500 , 830 7,490 52,820 128, 880
1,430 18,640 2,140 06, 900 260, 840
2,450 9,120 46, 970 5,020 76, 550 186, 780
390 10, 820 1,150 67,400 164, 460
ORI e g il B St 35, 360 8,320 59,680 | 462,350 17,350 | 389,750 951, 000
South Dakota, Harding.____._.. 160 30 930 1,770 40 8,300 20, 090
Grand'total.. s .. 0 uono 37,270 9, 000 70,690 | 487,940 18,220 | 459,160 | 1,115,310
TABLE 6.—Agriculture production— Hay and forage
Acres Tons
State and county Vl%l%e,
1910 1920 1925 1910 1920 1925
Montana:
SO0 face 8t & 3,950 31,390 | $313,270
12,400 S 2 i
15 ML T R TS LG
7,830 1,300 7,080 70, 660
4,800 JoUt ks 2,960 4,690 46, 810
49,710 12,790 8,210 43,160 430, 740
North Dakota:
Billings... 20, 090 25, 940 17, 060 16, 030 8,420 13,920 114, 700
12,320 15,970 , 990 3, 560 12,140 100, 030
25, 830 23,270 10, 740 8,630 19,120 157, 550
40, 820 20200 L ol 11,120 19, 260 158, 700
41, 070 23, 230 14, 140 20, 560 25, 940 213, 750
20, 350 o ¥ Sy s A e S 6,970 12,810 105, 550
..................... 166,330 | 115,040 45, 900 59,260 | 103, 190 850, 280
South Dakota, Harding...._... 4, 230 12,210 13,040 3, 660 2, 990 9,470 94, 980
Wyoming) OPook. ...ous-casinid 5,810 10, 150 12, 560 7,820 5,100 b4 116, 510
Grand-total o s sy i 79,890 | 216,460 | 190,350 70,170 75,560 | 167,110 | 1,492, 510
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TaABLE 7.—Agriculiural production—Qats

Acres Bushels
State and county Vﬁ)l;;'
1910 1920 1925 1910 1920 1925
Montana:
Carter...

Custer-.

, 220
132, 410

342, 570

26, 810 1,240 7,700 (1,053, 770 5,420 | 194,840 64, 300
4,7 790 7,530 | 185,350 1,950 | 200, 690 5
4,280 4,430 10,140 | 160,480 34,300 | 302,120 99, 700
__________ 5,310 20,980 |--oo----..| 20,130 | 563,200 185, 860
6,930 3,470 11,670 | 250, 640 26,760 | 337,080 111, 240
.......... 1,150 y SEpE e f , 730 | 259,220 85, 540
42,770 16, 390 67,850 |1, 650, 240 93, 290 1,857, 150 612, 870
South Dakota, Harding_ _._____ 790 440 2,020 24, 460 2,430 55, 080 19, 280
Wyoming, Orook..-_.=:oce. ooz 1,830 50 1,110 54, 140 630 20, 870 11, 900
Granditotal: 0ol T 48, 450 18, 380 84,670 (1,837,850 | 102,040 |2, 275,670 | 829,040

TABLE 8.—Agricultural production—Potatoes

Acres

Bushels

Value,

1910 1920 1925

1910

1920

1925

1925

4,710
101, 860 41, 080 78,740
South Dakota, Harding________ 40 50 40 3,800 1, 250 2,920 2, 950
Wyoming, Crook._._._.__.__.___ 110 30 70 10, 580 2, 960 3,870 5,030
Grand totaloc . 22 o0 [ 1, 250 1, 960 1,340 | 138,640 51,610 | 107,940 109, 760
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TaBLE 9.—Agricultural production—Rye

Acres Bushels
State and county ‘7153312159,
1910 1920 1925 1910 1920 1925

Montana:
Carter. e 50 8B0: o dicait 90 8,830 $8, 300
Gustar L T T 16 ERR a8 (R ) GV 820 O e ol = el
BIWBOR L o~ & ol s i e B N o e A
Rallons ..o i, 280 LMO L aaan i 440 13,900 13, 070
g o1 AR R O SR BT 650 130 bo 9k o 1,300 1, 620 , 520
B0 iy Akt e alh AR 40 980 2,120 820 1,830 24, 350 22, 890

North Dakota:
PR e e 30 310 270 530 600 3,100 2, 820
Bowman. 3, 080 oA L SRS 5,230 57,450 52, 280
________ 4,160 11, 860 10, 790
Golden Valley__ 3,210 4,140 3,770
McKenzie 7,910 59, 300 53,960
Slope = 5,770 114, 850 104, 510
Total 40 24, 440 19, 760 760 66,880 [ 250,700 228,130
South Dakota: Harding. .. __|.ccooo___ 340 L0 s s s 790 10, 180 9, 060
Wyoming: Crook......._.._.._. 50 70 120 610 310 1,180 990
Grand total ... _[ .0 130 25,830 23, 000 2,190 | 69,810 | 286,410 261, 070
TaBLE 10.—Agricultural production—Wheat
Acres Bushels
State ond county Vlagg’;'
1910 1920 1925 1910 1920 1925

Montana:

2, 340 $170, 9c0

North Dakota:
Billings.

South Dakota: Harding
‘Wyoming: Crook._.

17,790

502,080
405, 800

32,900 57,200 34,440 63,250 | 744,040 | 1,078, 8¢0

12, 400 31,390 | 554,160 27,460 | 391, 590 556, 060

11, 430 22,770 76, 440 22,170 | 275,770 391, 590

28, 680 42,820 | 154,410 | 115,170 | 558,370 792, 890

71, 850 67,140 |..........| 166,880 20, 150 | 1,306, 610

37,940 49, 040 0 | 140,040 | 815,310 | 1,157,740

24, 520 87,780 il ous 47,050 | 446,980 4, 710
186,820 | 250,920 | 976,080 | 518,770 (3,408,170 | 4,839, 600

280 1,670 2,430 4, 600 4,430 35,630 49, 530
670 670 1,870 12, 220 2,650 23,710 30, 590
53,060 | 222,060 | 312,420 |1,027,340 | 589,100 (4,211,550 | 5,998, 580
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TABLE 11.—Livestock statistics—Caitle

Number Value
State and county
1910 1920 1925 1910 1920 1925
Montana:

T T AT S e Gy S SR PR g 12,820 24,270 $813, 880 $703, 030
(e T v TN 0, R S T e ey IS DTS e R o1 1 ol e e
Dawson. o 0 o
Fallon.. 5,380 6,160 303, 630 78, 470
Wibalgs gL it nne S 4,010 3, 650 209, 100 107,110
Mot siscav s $oaadinns 28, 640 22,210 34, 080 846,730 | 1,326,530 988, 610

North Dakota:
iy TR S S SRR e 10, 680 10,170 707,450 623, 780 266, 720
Bowman. 7,300 7,690 47,940 373,870 200, 910
donnn o Lo TR 9,770 10, 490 149, 890 575, 160 261, 550
Golden Valley - 12, 250 10,790 [ ool S I TN 618, 030 293, 690
McKenzie ... 17, 360 13,370 197,750 | 1,144,930 324, 560
i 10, 920 30; 610 =2t S ot 592, 340 272, 600
.......................... 68, 280 63,020 | 1,103,030 | 3,928,110 1, 620, 030
South Dakota, Harding. . ........__. 4,980 6, 670 8, 500 154, 990 387, 290 228, 550
Wyoming,:Orgek. . Lo n. oozl 11, 360 8,450 9, 740 339, 730 542, 090 276, 220
Grand fotal > sucie - o sst o 82,000 | 105,610 | 115,340 | 2,444,480 | 6,184,020 3,113,410

TABLE 12.—Livestock statistics—Horses
Number Value
State and county
1910 1920 1925 1910 1920 1925

Montana:
............ $402, 240 $247, 97¢

234, 060 102, 560

193,390 93, 900

15,670 | 602,550 | 829,690 444, 430

6,460 | 4,640 | 1,476,840 | 336,790 165, 510

3,230 | 2,800 | 242,710 | 212,640 104, 800

nn 5130 | 5180 | 326,770 | 328,810 189, 250
Golden Valley. G A N it s 494, 020 261, 960
McKenzie............... 10,230 | 7,430 | 420,190 | 698,010 269, 540
Blope e d B Tl A T T T 392, 070 153, 570
Mgtali: Ui it s g 23,150 | 39,200 | 31,750 | 2,466,510 | 2,462,340 | 1,144,630
South Dakota, Harding- ... 1,570 | 2,370 2,310 137, 520 131,300 68, 740
Wyoming, Crook.. ...-—-—-—-.--... 2,600 | 2,900 | 2,600 | 202480 144, 300 72, 210

Grond folal. .. oot s oLl 35, 530 59, 590 52,330 | 3,409,060 | 3,567,630 1,730, 010
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TABLE 13.— Livestock statistics— Mules

State and county

Number

Value

1910

1920 | 1925

1910 1920 1925

Montana:

4,760 | 9,970 | 11,740
7,890 | 1,630 1,800
4,990 | 1,150 1,380
900 | 1,260 980
........ 5, 420 3,120
3,450 | 2,870 3, 580
........ 4, 580 1,870
17,230 | 16,910 | 12,730
South Dakota, Harding_ ... IR S ! 10 10 | 1,360 820 560
AV YDmIng  Crogk . or 8l na iR RERR RS e S s & 20 50 70 | 1,960 | 3,760 3, 500
Mrandtalile Sl T R L B U LSS 190 | 360 | 620 | 25,310 | 31,460 | 28.530
TaBLE 14.—Livestock statistics—Sheep
Number Value
State and county
1910 1920 1925 1910 1920 1925
Montana:

6 R AR SN AN RTTURRE [EL D) SN e 30, 020 09,280 [l oRae S $452, 380 $733, 510
i APl 854,900 |_ - .o i
........... 22 5 1, N AL TR et o S o
70 b i e 33, 820 43, 960
e 1) PR e e 6,920 11, 100
RORANS et oo e S 130, 130 33, 240 74, 550 679, 640 493,120 788, 570
50, 510 590 1, 540 235, 520 7,410 15, 580
340 5,170 8, 590 1,810 65, 290 84, 850
6, 660 610 810 28, 300 10, 740 7, 650
.......... 11, 200 (Y T R S 128, 040 62, 430
9, 380 430 2, 800 35, 590 5,410 24, 580
.......... 960 b o el e 10, 610 77, 560
66, 890 18, 960 27, 860 301, 220 227, 500 272, 650
South Dakota, Harding_...._.______ 26, 670 16, 100 22,130 145, 530 234, 560 223, 390
Wyoming, Crook.._._ 29, 770 13, 060 10, 940 169, 240 178, 050 117, 570
Grand tobal. . cooiauon luas 253, 460 81,360 | 135,480 | 1,295,630 | 1,133,230 1, 402, 180

179245—33——b5
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TABLE 15.—Livestock statistics—Swine

Number Value
State and county GEEER
1910 1920 1925 1910 1920 1925
Montana:
$13, 870 $63, 620
78420721, 860
10, 400 19, 120
32, 690 104, 600
North Dakota:
Billings. o 2,300 1,010 2,190 25, 360 13,130 23,730
Bowman e 280 1, 010 2, 560 3,870 18,070 28,710
Dunn e DO SILAT T Sk U 2 1, 050 1, 460 3,950 8,190 21,100 42, 780
3,640 4,180 - —oie 63, 720 47,790
1,760 3, 680 10, 420 31, 510 41,210
2,270 6 o) i S 34,760 39,790
(otakacds e 28 20 ulidn 5o _Loers s 4,770 11, 150 20, 060 47,840 | 182,290 224,010
South Dakota, Harding_ ... ______________ 140 350 1,930 2, 040 6, 560 22,700
Wivoming, Creok .. =. e il eis oo 7 360 770 1, 760 3,420 12,510 17,420
Granditoial oo oo 2ico o oo 5, 880 14, 200 32, 660 59,960 | 234,050 368, 730
TABLE 16.—Levestock products
Value Total
: Value
of milk Value of value of
State and county cream, and Oég{i;(;ggeanl;d wool livestock
butter products
1910
Montana:
G Gl e e R s SRR TN L IS e T o S R b, $6, 870 $11, 770 $147, 640 $166, 280
380 650 , 650 , 680
7,250 12, 420 152, 290 171, 960
17, 460 23, 140 38, 520 79,120
5, 940 A 250 15, 230
7,120 10, 430 9,710 27, 260
11, 260 13, 300 5, 570 30,130
3 A T e D ORI, s RIS 1ot LA SR D 41, 780 55,910 54, 050 151,740
south Dadkotas Harding L a0, e L ln i e 2, 450 3, 460 34, 650 40, 560
Wyoming: Crook 5, 150 7,430 48, 950 61, 530
Grand total._________ e N s 0 S LA 56, 630 79, 220 289, 940 425, 790
1920
Montana:
22,110 33, 400 159, 350 214, 860
35, 520 26, 580 5,7 67, 850
30, 160 23, 310 310 53,780
87, 790 83,290 165, 410 336, 490
60, 390 26, 530 190 87,110
89, 210 27, 730 10, 240 127,180
75, 570 35, 940 650 112, 160
111,720 86, 150 26, 210 224, 080
120, 550 60, 170 17, 850 198, 570
109, 920 49, 550 2,030 161, 500
i I, S M S IR AR St I RO AT R IR, 567, 360 286, 070 57,170 910, 600
Bouth Dakota: Harding . ...l oo oieaiioaei 34, 220 12, 610 55, 850 102, 680
T | R B 0) Tl e DN B By S e S A 22, 810 25,910 56, 530 105, 250
Chrand fatal - o0 - i oo e e e 712,180 407, 880 334, 960 1, 455, 020
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TABLE 16.—Livestock products—Continued

Ty, | Yelue | Vaiuoof | valugof
of mi ue o value o
State and county cream, and Of:g%‘fﬁeﬁd wool livestock
butter products
1925
Montana:
$64, 770 $56, 510 $238, 660 $359, 940
45, 390 26, 870 10, 020 82, 280
31,370 22, 510 3,420 57, 300
O R e L R e e e B 141, 530 105, 890 252, 100 499, 520
North Dakota:
Billipes G - 50, 200 27, 330 4,310 81,840
Bowman 62, 630 27, 610 18, 810 109, 050
1371 110 (E e M 69, 190 35, 960 1, 530 106, 680
Golten Nalley.s - oo b 111, 030 43, 780 11, 230 166, 040
McKenzie. ... 82,190 42, 160 1, 580 125, 930
b 64, 740 33,320 18, 040 116, 100
DOl i e e e e 439, 980 210, 160 55, 500 705, 640
Bouth Dakota: Harding oo s aulana Do 25, 890 18, 200 57,710 101, 800
Wyoming: Orook: . L.z 20, 27,710 23, 920 2 ,
Grant tobalisc. | o fodundn Siu Sosm i 635, 110 358, 170 393, 970 1, 387, 250
TaBLE 17.—Manufacturing statistics, 1920
Number | 6" 0" Gt ot | Valua ot b, nded
5, R 0st 0 alue of | addes
State and county 1%@33% ke materials | products |by manu
 amBar. | YV BgeS facturers
Montana:
57 {1 SRR NI L ok M OMREY S A eTO) 11 10 | $10,600 | $20,600 | $52, 500 $31, 900
ANIDREES L il S e o 3 4 6, 000 7,800 21, 300 13, 500
b 7 R M St et 2= el L o S 14 14 16, 600 28, 400 73, 800 45, 400
North Dakota:
Golden Valley. .. 3 5 35 § 16, 600 29, 600 62, 200 32, 600
cKenzie. 3 5 6 7, 000 67, 100 87, 500 20, 400
Slope.------ 2 5 149 | 240,900 71,100 | 331, 600 260, 500
iy Lt fih DS (it § SR K s 15 166 | 264,500 | 167,800 | 481,300 313, 560
Grand-dotal . L el e R 29 180 | 281,100 | 196,200 | 555,100 358, 900
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TaABLE 18.—General statistical data, summary

1900 1910 1920 1930
Bopulatrond: o T o Zilugr LRl L it s D 4,570 17,410 25,600 24,770
Item 1910 1920 1925
Land and farm area:
Aremrhoresinihasin. bt e sl S be (R Ui 0 MEE0E s Peit il by 6, 080, 000 | 6, 080, 000 6, 080, 000
Acres improved in farms_______ 349, 950 kT S e
Cropland and plowable pasture. =iy il Le el il b Jle s B Do Siint ol 1, 363, 540
Acres woodland in farms___.__ 24, 270 75,370 60, 800
Acres unimproved in farms.. 685,990 | 2,223,290 |..____._-___
aaliontiorIandein- farpsi T ien - LRI R T e sl N C e T e S 1,713,330
ereos Ol Iefabmig s & Ml e o D0 EIUI I D e S 5,019,790 | 2,808,410 2, 925, 050
Agrléultural production:
3, 850 1,830 9, 390
12,330 130, 790
________________________ $121,170
222, 060 312,420
589, 100 4, 211, 550
........................ $5, 998, 580
18, 380 84, 670
102, 040 2, 275, 670
e %'829 040
25, 830 23, 000
69, 810 286,410
............ $261, 070
4,710 19, 330
21,130 424, 520
........................ ‘8768 030
Siat DR Bt Bl S S TN e T 37,270 9,000 70, 690
459, 160
$1, 115, 310
190, 350
167,110
$1, 492, 510
2 U AN SR S Rl S P e SR OO 1, 250 1,960 1,340
107, 940
$109, 760
Cattle:
82, 000 105, 610 115, 340
$2,444,480 | $6,184,020 | $3,113,410
5, 880 14, 200 32, 660
$59, 960 $234, 050 $368, 730
253, 460 81, 360 135, 480
$1, 295,630 | $1,133,230 | $1,402, 180
35, 530 59, 590 52, 330
$3, 409, 060 | $3, 567,630 | $1, 730 010
190 360 620
Value $25, 310 $31, 460 $28, 530
Value of hvestock products:
RN et and htiar.c s iy et e e o R L e $56, 630 $712,180 $635, 110
Chicken eggs and chickens. $79,220 |  $407, 880 $358, 170
........................................................... $289, 940 $334, 960 $393, 970
15, 567

Manufactu
Number ofbstablishments. .. .- csdoce o ma L oLl i el il
Wage earners:

Av

Cost of materlals
Value of products
Value added by manufacture

ring:

erage 1L R . Gt eGSR ot
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CuANGES IN CoUNTY BOUNDARIES
MONTANA

Carter was organized from part of Fallon in 1917.
Fallon was organized from part of Custer in 1913.
Wibaux was organizea from parts of Dawson, Fallon, and Richland in 1914.

NORTH DAKOTA

Bowman was formed from Billings in 1907.

Golden Valley was organized from part of Billings in 1912.

Slope was organized from part of Billings in 1915.

MecKenzie was organized from parts of Billings and Stark in 1905.
Dunn was organized from parts of Mercer and Stark in 1908.

SOUTH DAKOTA

Harding was organized from part of Butte in 1909.
WYOMING

Campbell was formed from part of Crook.

TaBLE 19.—Climatic data, Amidon, N.Dak.

TEMPERATURE
No record.
FROSTS

Length of Length'of

Last : 4 Last T i)

: First fall | growing r First fall | growing

Year s'g;rol;%g frost season, Year Srprg;ltg frost season,
in days in days
May 17 | Oct. 3 139 May 25 | Aug. 31 98
-| Apr. 25 | Sept. 15 143 Apr. 27 | Sept. 12 138
May 16 | Sept. 13 120 May 10 | Sept. 20 133

Average date of last spring frost, May 10; average date of first fall frost, Sept. 16; average length of
growing season in days, 129

WIND
No record.

TaBLE 20.—Climatic data, Amidon, N.Dak.

PRECIPITATION
[Normal fall, in inches]
Septotbep. ot s U et a ol L e 527
Percent of normal annual, Apr. 1-Sept. 30__-_ 74
& fPercen;] o %’ercent1
pr. 1- | of annu: pr. 1- |ofannua
Year Annual Sept. 30 | Apr. 1- 3 Year Annual Sept. 30 | Apr. 1- ’
Sept. 30 Sept. 30
13.87 10.17 73 14.48 11. 07 77
16. 14 12.82 79 21. 66 18.42 85
21. 84 17.99 83 19. 80 16. 81 85
18.45 13. 65 74 12.81 7.35 57
12. 55 7.76 62 12.08 9.09 75
15. 64 11. 58 74 20. 86 17.06 82
12.57 8.03 64
SNOWFALL

No record.
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TaBLE 21.—Climatic data, Arnegard, N.Dak.

TEMPERATURE
Mean—Continued
—10.7
13.2
23.5
40.6 November. .
53.1 Pecenbere e 0 Tk, (D desEiis o
62.0
69. 2 ATRnal. ZANeEhe, ol Y Ll
FROSTS
Length of Length of
Last : A Last : s
: First growing : First | growing
Year Sg‘;;g fall frost | season, Year sgrol:tg fall frost | season,
in days in days
May 15 | Oct. 3 171 Apr. 27 | Sept. 19 145
ay 3| Sept. 15 135 May 11 | Sept. 20 132
May 16 | Oct. 12 149 May 11 | Sept. 24 136
May 25 | Aug. 30 97 May 23 | Sept. 25 125
May 17 | Sept. 21 127

Average date of last spring frost, May 10; average date of first fall frost, September 22; average length of
WIND

growing season, in days, 135.

No record.

TaBLE 22.—Climatic data, Arnegard, N.Dak.
PRECIPITATION

[ Normal fall, in inches]

September:-L o) nCer By AL L LT a0
October____.
November. . 5
Plocoriber-c it onlle s o it oo b g el
Annual =
APE 1=SepttB0Eer -8 o o S L L - 11.08
Percent of normal annual, Apr. 1-Sept. 30_._ 75
PRaEs tPercentl b aaes lf’erceu;l
pr. 1- | of annual pr. 1- |ofannu
Year Annual Sept. 30 | Apr. 1- ’ Year Annual Sept. 30 | Apr, 1- ’
Sept. 30 Sept. 30
17.96 15.07 84 14,78 11.26 76
19. 02 14. 59 77 20. 95 15.73 75
15. 61 13.67 88 15. 06 14. 06 93
15. 06 9. 50 63 15. 52 9.83 63
14.72 10.78 74 11. 86 9.12 vl
SNOWFALL

No record.
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TaBLE 23.—Climatic data, Beach, N.Dak.
TEMPERATURE

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Annual

Meax ... e 9.3]13.6|26.5|42.5|50.1|61.1|67.3|650(56.3|44.0(31.4|16.5
Mean maximum...| 22.2 | 25.3 | 38.0 | 54.7 | 64.1 | 76.0 | 83.6 | 81.6 | 71.2 | 57.3 | 44.3 | 28.5 53.9
Mean minimum...|—2.4 | 2.8 | 14.4 | 28.4 [ 37.0 | 47.8 | 51.8 | 49.6 | 40.7 | 29.5 5.9
Maximum ever recorded, 110; minimum ever recorded, —43.
FROSTS
Length of Length of
Last : s Last 9 -
First fall | growing : First fall | growing
Year sf;;glsntg frost | season, in Year sgx;;g frost |season, in
days days
Sept. 14 107 Sept. 15 121
Aug. 13 65 Sept. 19 110
Oct. 9 147 Sept. 3 106
Sept. 9 103 Sept. 29 152
Aug. 22 87 Sept. 15 139
Sept. 16 102 Sept. 12 119
Sept. 11 128 Sept. 26 111
Sept. 22 83 Sept. 21 127
Sept. 13 97 Sept. 20 132

Average date of last spring frost, May 26; average date of first fall frost, Sept. 15; average length of growing
season, in days, 112. PRILLS

Prevailing direction, northwest.
TasLE 24.—Climatic data, Beach, N.Dak.
PRECIPITATION

[Normal fall, in inches]

September.
October. __
November
DSCSIMBRE o U TR L e e
Annual "
Apr. 1 to Sept. 30. :
Percent of normal annual, A 76
il Per(:ent1 of Percentlof
pr.1- | annual, Apr. 1- | annual,
Year Annual | gont 30 | Apr. 1- Year Annual | gont 30 | Apr. 1-
Sept. 30 Sept. 30
22.94 19. 59 85 11. 00 8.86 81
13.45 10. 14 75 10.79 6.05 56
23.29 15. 84 68 11. 50 6.79 59
22. 02 19. 36 88 16. 96 13. 56 80
16. 06 10.35 64 16. 30 13.09 80
17.91 13.57 76 15. 66 12. 96 83
20. 48 15.76 77 12. 24 8.20 67
13.67 10. 51 77 10. 34 8.52 82
15.91 13.57 85 10. 01 6. 56 66
21.39 17.41 81 19. 89 17. 02 86
14.32 11. 09 77 13. 64 12.16 90
6.02 4.72 78 15. 00 12.89 86
SNOWFALL

No record.
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TaBLE 25.—Climatic data, Berthold Agency, N.Dak.

[Station is 80 miles northeast of Medora, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

TEMPERATURE

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. |Sept. | Oct. | Nov. | Dec. | Annual
Nlephy =t Sul sh et 7.5 9.4 (247 (43.7|53.7(62.6|689|67.7(57.0|44.7|28.8| 157 40.4
Mean maximum___| 21.3 [ 21.7 | 38.0 | 57.8 | 68.3 | 76.5 | 84.7 | 82.8 | 73.0 | 58.1 | 42.6 | 28.1 54.4
Mean minimum___[—5.7 (—5.2 | 12.3 | 29.2 | 38.9 | 48.3 | 53.6 | 50.4 | 41.0 | 30.7 | 17.1 | 2.9 26.1

.

Maximum ever recorded, 108; minimum ever recorded, —52.
FROSTS
Length of Length of
Last : B Last : :
: First fall | growing : First fall | growing
Year g frost | season, in Year SPest | frost |season, in
days days

Apr. 20 | Sept. 16 149 Sept. 21 97
May 19 | Sept. 29 133 Sept. 15 119
Apr. 20 | Sept. 13 146 Aug. 28 97
Apr. 29 | Sept. 15 139 Sept. 3 104
Apr. 28 | July 18 81 Sept. 25 115
Apr. 19 | Sept. 18 152 Sept. 29 155
June 7 | Sept. 19 104 Oect. 1 169
May 11 | Oct. 11 153 Sept. 10 114
June 5 | Sept. 24 111 Sept. 12 119
May 5| Aug. 22 109 Sept. 1 96
June 14 | Oct. 9 117 Sept. 21 127
June 6 | Sept. 9 95 Sept. 25 135
May 28 | Aug. 23 87 Sept. 20 119
May 15 | Sept. 17 125 Sept. 18 138
-| May 6 | Sept. 11 128 Sept. 20 120

May 13| Oct. 5 145

Average date of last spring frost, May 16; average date of first fall frost, Sept. 15; average length of growing

season, in days, 122.

Prevailing direction, northwest.

WIND
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TABLE 26.—Climatic data, Berthold Agency, N.Dak.

[Station is 80 miles northeast of Medora, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

PRECIPITATION
[Normal fall, in inches]

January..... . September. et e i LD 1.46
February. d October- .. .84
March November e St B R 00 2 .40
April December-..._...- 48
F s AR ST e s 16. 21
p 0 3o o <12 o R et ol o N S S e e 12. 68
Percent of normal annual, Apr. 1-Sept. 30- .. 78
Py Percentlof Sy Pewentl of

pr. 1- | annual, pr. 1- | annual,

Year Annual | gont 30 | Apr. 1- Year Annual | gont 30 | Apr. 1-

Sept. 30 Sept. 30
¢ TR PO R, 17. 60 11. 80 67 19.21 17.48 91
1894 __ 2 15. 36 9.99 65 11.45 9.37 82
1895._ & 15.19 11. 12 73 19. 06 17. 22 90
1896._ ¥ 23. 80 20. 70 87 16. 96 14.47 85
1897_. . 11. 90 4.24 36 13.87 13.43 96
1898__ > 14. 69 10.15 69 9.81 7.32 75
1899__ h 27. 86 24.01 86 11.18 9.30 58
1900 el 19.77 15. 94 80 12.28 9.20 75
1901 _. 5 13. 64 11.38 84 15. 00 12.11 81
1902 . & 21. 81 13.48 62 17.42 | ° 15.80 91
1903- - " 18.43 15. 44 84 18.85 14. 20 75
1904 - 16. 94 13. 00 w 11. 03 9.12 83
1905. - = 13. 66 11.97 88 12.09 8.37 69
1906 - o 19. 45 17.18 89 15.14 13.95 93
1907_. ¢ 9. 51 7.67 81 12. 34 12.24 99
1908.__ o 15.22 10. 20 67 17.75 16. 03 90
1909 - 17. 57 14.61 83 22.92 22.09 97
1910 n 12. 02 9.23 7 10. 95 7.10 65
<Lt e b S B SR 16. 89 12.19 72 14. 08 11. 95 85

SNOWFALL

[Normal fall, in inches]

81T R e L SRS L L RO 1 s sy & Qotipber. be 5T Lo 0l o e s e e )
February 6.0 | November

March_ {77980 IR 0T 11 ST AR S R B W, B e
April __ 251 R
May.... .2 Asvirgiale. £ (e KLU T el B S e 27.8
September .8

TaBLE 27.—Climatic data, Bowman, N.Dak.

[Station is 20 miles south of Amidon, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

TEMPERATURE
No record.
FROSTS
: Length of : Length of
Last First s Last First :
Year spring fall gslgfégg Year spring fall gsx"aoavsvol'rllg
frost frost in days frost frost in dayé
................ May 18 | Sept. 13 118 Oct.” 7 159
-| May 3 | Sept. 17 137 Sept. 13 118
-| May 22 | Sept. 3 104 Sept. 5 103
-| June 2| Oct. 4 124 Sept. 21 127
-| Apr. 25 | Sept. 29 157 Sept. 20 126
................ May 15 | Oct. 7 145

Average date of last spring frost, May 15; average date of first fall frost, Sept. 21; average length of growing
season, in days, 129.
WIND
No record.
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TasBLE 28.—Climatic data, Bowman, N.Dak.

[Station is 20 miles south of Amidon, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

PRECIPITATION
[Normal fall, in inches]
Fanuary. == Lo el e D) T b et 0150 ' Septerabel.ol. oo Xoh o oli Ll e fitd oo ol
Hry o7 i 1y A N RS R A MY .21 | October.._.
Lo b e AU I L e S A SRR T, .53 | November.
AL UT D 8l e D PR T e s LT S e e ol )T e e e U SR T e e U L
e e et 1.96
i e e B S ST L R e £ 3.08 Annual . 95
gLy AT L IS e TR SR Ul LN B 3.00 |- Apr. 1-Sept.. 305 . o lip il i o - 1151
7 AR I R DT, N 1.01 | Percent of normal annual, Apr. 1-Sept 2
S ?’ercentl " }’etcent1
pr. 1- | of annual, , pr. 1- |ofannua
Year Annual | gonw 30 | Apr. 1- Year Annual | gonv 30 | Apr. 1-
Sept. 30 Sept. 30
18,39 16. 12 88 17.04 13.71 81
23.33 21.14 91 17.96 14.32 79
17.43 14.26 82 14.81 10.22 69
8.87 5.91 67 11.70 10.78 92
10. 80 8.63 80 16.09 13.49 84
7.07 4.52 64 15. 52 10.81 70
11.63 9.93 86 17.21 12.68 74
10. 25 8.46 83
SNOWFALL
No record.
TABLE 29.—Climatic data, Camp Crook, S.Dak.
TEMPERATURE
Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. | Annual
Metn-_ Lol 17.2 1 19.1 | 28.4 | 43.2 | 53.3 | 63.2 | 70.2 | 68.3 | 58.5 1.8 | 21.4 43.3
Mean maximum...| 30.1 | 82.1 | 41.6 | 57.5 | 68.1 | 76.9 | 85.9 | 84.9 | 74.7 | 60.6 | 45.3 | 33.7 57.6
Mean minimum.___| 3.9 | 6.0 | 151 [29.7 | 39.0 | 48.7 | 54.3 | 52.0 | 42.0 | 30.0 | 18.0 | 9.5 29.0
|
Maximum ever recorded, 114; minimum ever recorded, —57.
FROSTS
Length of Length of
Year Last | pirst fall | growing Year SLfisrf First fall | growing
sgl")xsutg frost season, o gostg frost | season,
in days in days
................ May 26 | Sept. 15 112 93
-| May 25 | Sept. 9 107 130
-| May 19 | Sept. 7 111 112
-| May 16 | Sept. 18 125 149
_| May 29 | Sept. 15 109 115
| May 5 | Sept. 9 127 108
-| May 17 | Sept. 7 113 104
-| May 2 | Sept. 19 140 148
-| May 24 | Sept. 16 115 139
-| June 20 | Sept. 11 83 134
-| June 10 | Sept. 12 94 150
-| May 18 | Sept. 13 118 108
A0 g | SRR, bl e Wi 127
_| June 4 | Sept. 14 102 114
.| May 21 | Sept. 27 129 132
_.| May 18 | Sept. 19 124

Average date of last spring frost, May 23; average date of first fall frost, Sept. 17; average length of growing
season, in days, 117 o

Prevailing direction, northwest.
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TasLE 30.—Climatic data, Camp Crook, S.Dak.

PRECIPITATION
[Normal fall, in inches]

SRR o T R e e O T L 5 0] A i SRR S L4 L SR e R P 2
February.. October____
March__. November
April__ DEoENDr . - L b e B e
May..
June._.. 5 PoCatas - IS et MR e SR
SRy ¥ Apr. 1 to Sept. 30. 10.33
o T e S e W 5 e 0sE e el & Percent of normal annual, Apr. 1-Sept. 30___ 75
o Percent] of L Percentlof
pr. 1- | annual, pr. 1- | annual,
Year Annual | gonv 30 | Apr. 1o Year Annual | et 30 | Apr. 1-
Sept. 30 Sept. 30
13. 64 9.19 67 8.90 6.82 77
15.12 10. 77 71 13.31 11.29 85
13.17 9. 74 74 12.77 8.43
19. 66 14. 86 76 11.15 8.45 76
10. 30 6.05 59 20.11 17. 44 87
15. 24 10. 06 66 8.73 7.03 81
14. 41 9. 65 67 15.35 12. 57 82
12.92 11.00 85 10. 09 7.41 73
11.39 9. 56 84 20. 85 17.03 82
16. 00 12. 36 77 12.81 7.96 62
13.21 10. 25 78 15.40 12. 20 79
10. 42 6. 54 63 24.07 20. 84 87
13.78 10.11 73 24. 07 20. 84 87
18.90 15.16 80 17.83 1131 62
15. 45 14. 20 92 16. 33 12.83 78
15. 56 9. 47 61
SNOWFALL
[Normalfall, in inches]
BB T BeDtembet. o e s B R e L e 0.2
4.7 | October. .. 1.8
9.6 | November 3.3
2. g BBl ool SR RSIRE e vie Lo SRS S 4.2
i ROl e e e i L e 32.5

TaABLE 31.—Climatic data, Dunn Center, N.Dak.

[Station is 50 miles northeast of Medora, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

TEMPERATURE
Mean—Continued

Maximum ever recorded, 102; minimum ever recorded, —39.

FROSTS
Length of Length of
Last : s Last ” ‘
- First fall | growing : First fall | growing
Year fprite frost | season, in Year fpring frost |season, in
frost days frost days

Oct. 4 124 May 17 | Sept. 21 127
Sept. 30 131 May 14 | Sept. 19 128
Oct. 1 137 May 15 | Sept. 20 128
Oct. 8 162 May 11 | Aug. 23 104
Sept. 13 120 May 24 | Sept. 25 124
Sept. 1 94

Average date of last spring frost, May 18; average date of first fall frost, Sept. 20; average length of growing
season, in days, 125.
WIND
No record.
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TaBLE 32.—Climatic data, Dunn Center, N.Dak.

[Station is 50 miles northeast of Medora, N.Dak., and lies a short distance beyond boundary of the Little
Missouri River Basin]

PRECIPITATION
[Normal fall, in inches]
September 4y 1.12
(o] :

Apr. 1-Sept. 30

i }’ercentfl g7y ?ercentl
pr. 1- | of annu: pr. 1- |of annual
Year Annual | gt 30 | Apr. 1 Year Annual | goor 30 | Apr. 1-
Sept. 30 Sept. 30
14.77 9.28 63 20. 43 16.72 82
16. 36 12.03 87 16.02 12.72 79
15.70 13.31 85 8.42 6.82 81
22. 64 16.80 74 14.97 12.51 83
14.91 9.07 61 8.01 5.23 65
18.49 13.71 74 15.03 12. 62 84
12. 54 10.18 90 16. 28 13.47 83
12.85 8.40 66 22. 04 15.43 70
17.15 13. 56 79 20. 25 17.15 85
19.84 10. 88 55 13. 59 8.46 62
26. 02 21.17 82 10.32 8.98 87
13.38 8.85 66 12.48 10. 44 83
22.00 18.43 84 22. 04 18.85 86
25. 06 21.50 86 16.79 15. 32 91
13. 89 10.12 73 13.11 8.63 66
22,24 19.70 89 13.36 10.48 78
SNOWFALL
No record.
TaBLE 33.—Climatic data, Ekalaka, Mont.
TEMPERATURE
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. | Annual
Mpans o Ll 16.8 | 18.5 | 20.0 | 42.1 | 52.8 | 63.7 | 70.6 | 68.7 | 58.9 33.5 | 21.8 43.
Mean maximum...| 30.0 | 30.0 | 42,0 | 56.8 | 66.4 | 77.4 | 80.3 | 83.9 | 74.1 | 59.4 | 44.9 | 32.5 56.5
Mean minimum...| 7.4 | 7.2 |17.9 | 30.5 | 39.3 | 49.5 | 55.3 | 53.0 | 44.5 | 32.7 [ 21.6 | 11.4 30.
Maximum ever recorded, 108; minimum ever recorded, —42.
FROSTS
Length of Length of
Last s Last : 5
: First fall | growing : First fall | growing
Year sgg§g frost season, Year sgl;sr;g frost | season,
in days in days
Sept. 18 122 Sept. 14 98
Sept. 26 147 el dional 125
Sept. 3 74 Sept. 19 110
Oct. 9 147 Oct. 16 147
Sept. 26 122 Sept. 29 120
Sept. 14 107 Oct. 14 163
Sept. 27 91 Sept. 10 118
Oct. 8 143 Oct. 7 166
Aug. 25 82 Oct. 13 158
Aug. 28 92 Sept. 13 109
Sept. 17 127 Oct. & 142
Sept. 22 123 Sept. 23 149
Oct. 6 146 Sept. 20 132

Average date of last spring frost, May 25; average date of first fall frost, Sept. 22; average length of growing
season, in days, 120. Al

Prevailing direction, west.
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TaBLE 34.—Climatic data, Ekalaka, Mont.

PRECIPITATION
[Normal fall, in inches]
0] Heproraber. x o A sl R e el A 1.34
.41 | Octob
.64
1.06
2.22
2.82 k.
1.71 | Apr. 1-Sept. 30 10.71
August 1.56 | Percent of normal annual, Apr. 1-Sept. 30.... 78
X Percent of o Percent of
pr. 1- | annual, pr. 1- | annual
Year Annual Sept. 30 | Apr. 12 Year Annual Sept. 30 | Apr 1o
Sept. 30 Sept. 30
15.05 11. 70 s 327 IR AN TP 11. 05 8.26 75
13.16 10.76 82 || 1925 14. 57 12.93 89
1217 10. 54 87 || 1926. 11.96 8.22 69
10.58 8. 58 81 || 1927. 18. 60 16. 24 87
12.98 10.13 78 || 1928 15.09 11. 60 o
7.85 4,72 60 || 1929_ 17. 61 12.88 73
13. 50 11.59 86 || 1930 12,13 10. 10 83
6.32 4. 57 72
SNOWFALL
[Normal fall, in inches]
..................................... 6.2 | October.- .. 2 g: R
..... 9 30 November.. - .. 0ol SPRE [
e e ?% December-... . ©.3.8
Ega : :3 65710551 JUOWER S R NN T N el 24.1
1
TaBLE 35.—Clematic data, Fryburg, N.Dak.
TEMPERATURE
No record.
FROSTS
Length of Length of
Last ; i Last : .
: First fall | growing . First fall | growing
Year ik frost | season, in Year s;)rl;;g frost |season,in
days days
May 17 | Oct. 1 137 May 17 | Sept. 21 127
Apr. 25 | Oct. 9 167 May 10 | Sept. 20 133
May 16 | Sept. 12 119 May 23 | Sept. 25 125
| .

Average date of last spring frost, May 13; average date of first fal lfrost, Sept. 25; average length of growing

season, in days, 135

No record.

WIND
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TaBLE 36.—Climatic data, Fryburg, N.Dak.

PRECIPITATION
[Normal fall, in inches]
September
October. ..
November.
Doeember. Ll ii o
Annual . 23
Apr. 1-Sept. 30 - 12,40
Percent of normal annual, Apr. 1-Sept. 30__.. 77
el iPercentl % It’eweutI
pr. 1- | of annua pr. 1- |of annua!
ear Annual | gort' 30 | Apr. 1- Year Annual | gont 30 [ Apr. I-
Sept. 30 Sept. 30
18.44 14.72 BO M IO200 i gt o 12.74 9.17 72
22.12 16. 59 75 24.38 19. 69 81
21. 60 18.57 86 14.94 13.81 93
15.71 9. 64 61 18. 05 10. 30 57
11.81 9. 04 77 14.43 10.77 75
SNOWFALL

No record.

TaBLE 37.—Climatic data, Gillette, Wyo.

[Station is 46 miles southwest of Rockypoint, Wﬁ{o., and is 3]0 miles beyond boundary of the Little Missouri

iver Basin,
TEMPERATURE
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. |Annual
Meam: o i 21.0 | 23.8133.2|42.2|52.2 | 63.0| 69.3 | 68.4 | 60.6 | 47.6 | 34.6 | 23.4 45.0
Mean maximum._.| 31.3 | 34.6 | 45.2 | 54.9 | 65.0 | 77.4 | 84.4 | 83.1 | 75.4 | 60.8 | 45.4 | 33.1 57.6
Mean minimum___| 10.8 | 13.0 | 21.3 | 29.6 | 39.3 | 48.7 | 54.2 | 53.6 | 45.7 | 34.2 | 23.9 | 13.8 32.4
Maximum ever recorded, 110; minimum ever recorded, —31.
FROSTS
Length of Length of
Last : f Last v :
. First fall | growing s First fall | growing
Year Sgg;g frost | season, in Year Sg;‘ég frost |season,in
days days

May 12 | Oct. 9 150 Sept. 27 111
May 21 | Sept. 26 128 Oct, - 1 138
May 18 | Oct.. 7 142 Sept. 23 151
May 16 | Aug. 24 100 Sept. 20 133
May 27 | Oct. 4 130 Oct. 11 160
-| May 13 | Sept. 15 125 Oct. 15 145

May 12 | Oct, 12 153

Average date of last spring frost, May 16; average date of first fall frost, Sept. 29; average length of growing

season, in days, 136.

No record.

WIND
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TaBLE 38.—Climatic data, Gillette, Wyo.

[Station is 46 miles southwest of Rockypoint, Wyo., and is 30 miles beyond boundary of the Little Missouri
River Basin]

PRECIPITATION

[Normal fall, in inches]

RESENERRRR ool 0 o 87 e e e e LR L Bsptembor. . - e e e 1.36

e Petcentloi e Percentlof
pr. 1- | annual pr. 1- | annua
Year Annual | gont 30 | Apr. 1o ¥ ear Annual | 5.0t.30 | Apr. 1-
Sept. 30 . Sept. 30
21. 43 15.72 73 12.47 8.04 64
20. 81 16. 11 Vir 22.17 17. 63 79
10. 70 8.06 75 15.31 11. 52 75
12.82 5.61 44 16.43 10. 50 64
19. 55 14.07 72 8.91 6.19 69
13.72 8.86 65
SNOWFALL
[Normal fall, in inches]
Beptember. -l ocn e e s 1.3
October_ _ 3.8
November 5.5
Bechmber, o sl LUl T e 10.3
B <0y ) SR e S AR e e 51.7

TaBLE 39.—Climatic data, Knowles, Wyo.

[Station is 40 miles east of Rockypoint, Wyo., and lies a short distance beyond boundary of the Little
Missouri River Basin]

TEMPERATURE
No record.
FROSTS
Length of Length of
Last : s Last : -
: First fall | growing 0 First fall | growing
Year sgﬁ;;g frost season, Year sglgsntg frost season,
in days in days
30 oVl v il e June 6 | Sept. 11 97 Sept. 11 119
May 22 | Sept. 14 115 Sept. 30 138
May 31 [*Oct. 8 130 Sept. 4 93
May 29 | Sept. 20 114

Average date cf last spring frost, May 26; average date of first fall frost, Sept. 18; average length of grow-
ing season, in days, 115. Wrieh

Prevailing direction, northwest.
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TaBLe 40.—Climatic data, Knowles, Wyo.

[Station is 40 miles east of Rockypoint, Wyo., and lies a short distance beyond boundary of the Little
Missouri River Basin]

PRECIPITATION

[Normal fall, in inches]

January - Bentember:c: S e S ol 2.46
February. October_ 1.40
March Novembe; .60
i Degember--- .- -_ . .83
Apr. 1-Sept. 30 :
Percent of normal annual, Apr. 74
Rt Percentl of Wi Percent of
pr. 1- | annual, pr. 1- | annual
Year Annual Sept. 30 | Apr. 1- Year Annual Sept. 30 | Apr. 1-
Sept. 30 Sept. 30
19.79 13. 55 69 14.43 9.30 65
14.01 8.20 59 || 1922__ o 32.07 24. 30 76
18.74 15.09 81 || 1923__ = 36. 47 28. 46 78
23.17 17.16 74 || 1924 & 18. 51 9.46 51
18. 04 13. 65 76 || 1925._ 5 16. 48 10. 67 65
26. 06 20.76 80 || 1926_. = 22.73 15.78 70
18. 54 12.37 67 || 1927 o 30. 02 25. 31 84
14. 86 10. 81 73 || 1928_- 5 21. 44 16. 11 75
25.93 21.20 82 || 1929__ ¥ 26. 99 18. 06 67
13.91 9. 39 Lol | 120 G RS AL 19.18 14.43 75
22.85 18. 44 81
SNOWFALL
[Normal fall, in inches]
8.8 | September- ot [
8.8 | October.. 8.9
d8. 10 NovemBa . o e e 8.2
16. g I BTYelcYand of ) et R I e R Gl o, SRS T 13.7
6. s
o5 ok as o o e BRI R St sl o 4 il 91.8
.
TaBLE 41.—Climatic data, Medora, N.Dak.
TEMPERATURE
Mean: Mean—Continued
C s o G S T e BN 14.8 % T T i SR R SOUON S SR e e 67.7
February. 15.3 Beroinher ... dex Sl gt e O 57.5
March._. 27.3 CICTOMAE . - oA L ieare e L s e e 46.0
April_ 42.0 November 5l easal R A T A 29.7
May. 53.9 FIBBCIADOL.: . s SR R S 19.7
June... 67.3
Falyeree b Gl W e e e 69.6 Annual. .o L e 42,6
Maximum ever recorded, 124; minimum ever recorded, —52.
FROSTS
: Length of : Length of
Last First s Last First :
Year spring fall S%;(S’Z”Enign Year spring fall S%;‘;;Vl}lnﬁl
frost frost dayé frost frost days’
I808- .. e cia iy May 2| Sept. 9 R A A MR May 14 | Sept. 3 112
BT e il May 23 | Oct. 7 137 -| May 27 | Sept. 26 122
AR08 L oy May 3 | Sept. 8 128 -| June 5 | Aug. 21 7
il 1) AN May 1 | Sept. 25 147 -| May 22 | Aug. 22 92
1e ) May 24 | Sept. 16 115 -| May 29 | Sept. 24 118
TR - Apr. 28 | Sept. 11 106 | June 3 | Aug. 16 | 74
MR LT May 7 | Sept. 13 129 _| June 2| Aug. 28 87
T o L May 18 | Sept. 10 T b L S R June 5 | Sept. 22 109

Average date of last spring frost, May 21; average date of first fall frost, September 10; average length of
growing season, in days, 112.
WIND
No record.
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TaBLE 42.—Climatic data, Medora, N.Dak.

PRECIPITATION
[Normal fall, in inches]

T R R e s Lt Sl Nt
October. - -_-.--..-.
November
Becseibertat s Th e s St
o) () RAREOMESy Ly o el o ol o LRI
Apr. 1-Sept. 30 .
Percent of normal annual, Apr. 1-Sept. 30 76
g }’ercentl v ?ercen:l
pr. 1- | of annual, pr. 1- |ofannual,
Year Annual | gont' 30 | Apr. 1- Year Annual | gont' 30 |~ Apr. 1-
Sept. 30 Sept. 30
10.85 8.02 74 17.35 13.94 80
11.19 7.19 64 21.38 17.12 80
16. 04 12.47 78 12.04 9.77 81
9.90 5.93 60 18. 42 13.92 76
13.94 10.17 73 25. 89 22. 69 68
13.99 11.48 82 13. 56 9.67 vk
13. 57 10. 59 78 17. 64 10. 99 63
14. 21 10. 63 75 18.49 16. 09 87
14. 00 10. 24 73 13.73 9.45 69
16. 84 13.79 82 15. 97 13.10 82
8.41 3.96 47 19. 39 15.89 82
SNOWFALL
[Normal fall, in inches]
2 e A N BT S o SR e IEE R o R o1 e R e Sk o WA A il . o 0.3
February.. 5.6 | November 3.9
March.__ 0.7 1 Becemblr. .. o0l L el e S 5.0
April . 1.4 _
May.- 5] Annual o oA 20.1
Sabbalinhige ol e e B

TaBLE 43.—Climalic data, New England, N.Dak.

[Station is 20 miles east of Amidon, N.Dak., and lies a short distance beyond boundary of the Little Missouri
River Basin]

TEMPERATURE
Mean: Mean—Continued
January..__. AMEORE. Lo o 00 s i L i fat U
September
October ___
November..
Plopember.ro o oo Lt ol ot e
708 1Y 1 1 S o) S PSP R e b, T
Maximum ever recorded, 109; minimum ever recorded, —44.
FROSTS
Length of Length of
Last . f Last : e
s First fall | growing : First fall | growing
Year sgr[)xs:g frost season, Year sgi)lsntg frost | season,
in days in days
Sept. 11 105 Sept. 11 112
Sept. 13 79 Sept. 21 126
Sept. 7 109 Sept. 15 127
Sept. 17 138 Sept. 20 120
Sept. 6 125 Sept. 9 110
Sept. 16 123 Oct. 4 124
Sept. 17 115 Qct. 1 139
Sept. 12 96 Oct. 7 157
Sept. 13 127 Sept. 12 119
Sept. 11 117 Sept. 15 113
Sept. 2 113 Sept. 21 128
Aug. 22 92 Sept. 18 144
Sept. 24 132 Sept. 24 84
Sept. 6 93

Average date of last spring frost, May 20; average date of first fall frost, Sept. 12; average length of growing
WIND

season, in days, 115.

No record.
179245—33——6
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TaBLE 44.—Climatic data, New England, N.Dak.
[Station is 20 miles east of Amidon, N.Dak., andflti.es a short distance beyond boundary of the Little Missouri

iver Basin]
PRECIPITATION
[Normal fall, in inches]
September__ 112
October. - .65
November... .49
Tepomber- e i e o wiinte b e e .41
Apr. 1-Sept. 30 . 76
Percent of normal annual Apr. 76
o] Petcent1 of .A : Percentlof
pr. 1- | annual pr. 1- | annua
Year Annual Sept. 30 | Apr. = Year Annual Sept. 30 | Apr. i
Sept. 30 Sept. 30
12. 30 9. 54 78 18. 55 15. 51 84
10.44 7.83 75 12.45 8.87 71
17.37 12.33 71 19. 24 15. 30 80
10.33 5.23 51 21. 22 19.27 91
14.19 9.69 68 17.04 12. 54 74
15.28 12.18 80 8.76 5.46 62
12. 28 9.34 76 11.82 9. 51 80
13. 65 11.27 83 9.39 6.63 71
10. 36 6.17 60 13.41 11. 25 84
15.82 13.92 88 12.15 9.43 78
12.85 9.30 72 18. 52 12.10 65
17.12 14.23 83 19. 55 16.13 83
15. 63 12.26 78 10.87 7.13 66
10. 69 8.76 82 9.80 8.32 85
16. 39 9. 81 60 11. 67 10. 27 88
21.21 17.20 81 13.87 11.29 81
9.87 6.45 65 15.71 12.40 79
14.79 10. 63 72
SNOWFALL
[Normal fall, in inches]
AR TIEE: o R Aot Bl S et ot B e R 4.7
February. 200
March__ = il
April_ - 26
BAANIC i dm ALY )
DEDEOTRDEE . & c end s dn wins dempis o e w d m T -3

TaBLE 45.—Climatic data, Pine Ridge, Wyo.

[Station is 43 miles southeast of Rockypoint, Wyo., and is 20 miles beyond boundary of the Little Missouri
River Basin]

TEMPERATURE

Jan.lFeb. Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Annual

L e R 17.4 | 19.8 [ 30.1 | 43.8 | 50.3 | 62.2 | 69.8 | 68.8 | 57.8 | 46.6 | 34.5 | 21.8 43
Mean maximum...| 29.8 | 32.3 | 42.9 | 57.0 | 63.3 | 76.2 | 85.5 | 84.6 | 72.5 | 61.2 | 48.7 | 34.2 57.4
Mean minimum.-._| 51| 7.3 |17.3 |30.5|37.3 | 48.2 | 54.2 | 53.0 | 43.0 [ 32.1 | 20.3 | 9.3 29.
Maximum ever recorded, 108; minimum ever recorded, —40.
FROSTS
Length of : Length of
Last First - Last First :
Year spring fall gsggvs"olgg Year spring fall gs’eoavs"égg
) ,
frost frost in days frost frost in days
92 May 12 | Sept. 13 124
136 June 7 | Sept. 14 99
103 June 6 | Sept. 11 97
83 June 4 | Sept. 29 117
%ég May 15 | Sept. 11 119

Average date of last spring frost, May 25; average date of first fall frost, Sept. 15; average length of growing
season, in days, 113. WD

Prevailing direction, south.
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TaBLE 46.—Climatic data, Pine Ridge, Wyo.

{Station is 43 miles southeast of Rockypoint, Wyo., and is 20 miles beyond boundary of the Little Missouri
River Basin]
PRECIPITATION

[Normal fall ,in inches]

entomber. bos. ool Shal e el
October____

November.-_
SD L o e R A e e
Annual_______
Apr. 1-Sept. 30. ¥
Percent of normal aj 69
oyt %’ercentl e %’ercelzlxat~1
pr. 1- | of annual pr. 1- |ofann
Year Annual | gont 30 | Apr. I- Year Annual | gt 30 | Apr. 1-
Sept. 30 Sept. 30
13.70 9.27 68 14.15 9.93 70
10. 64 9.04 85 23. 66 19.14 81
15. 62 10. 58 68 16.49 9.08 55
12.42 7.94 64 16.19 11.74 72
SNOWFALL
[Normal fall, in inches]
GRANARY A e e Rl s Beptemiber. . .o e e s AL 0.8
February- October____ 3.2
March__ November.. 4.6
April_ Docomberts. .on oh Ut e e ot T8 9.5
May.-.
June.. % %00 - | I S R S LIS 50. 4
20T 1 AR S M T D S DV S IC N

TABLE 47.

Climatic data, Plevna, Mont.

[Station is 45 miles north of Ekalaka, Mont., and lies 1531 sl;oi't distance beyond boundary of Little Missouri
iver Basin

TEMPERATURE
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Annual
0% 1 LSRR 14.8 | 16.9 | 27.0 | 42.6 | 52.9 | 63.4 | 70.3 | 68.3 | 58.0 | 45.1 | 33.0 | 19.0 42.6
Mean maximum-..| 26.0 | 26.8 | 37.8 | 55.8 | 65.4 | 76.7 | 85.3 | 83.7 | 71.5 | 57.6 | 45.2 | 30.4 55. 2
Mean minimum...| 2.5 | 4.6 | 14.4 | 30.3 | 38. 8.9 | 55.1 | 52.0 | 41.7 | 30.1 | 20.4 | 7.4 28.8
Maximum ever recorded, 109; minimum ever recorded, —52.
FROSTS
Length of Length of
Last : s Last : :
r First fall | growing : First fall | growing
Year Sg‘g&g frost | season, in Year sfprgl;%g frost |season, in
days days
May 13 | Sept. 25 135 May 4| Oct. 16 165
.| May 21 |_.__do____. 127 May 15| Oct. 1 139
-| May 13 | Oct. 5 145 Apr. 24 | Sept. 29 158
_| June 16 | Sept. 21 97 May 16 | Oct. 20 157
.| May 17 | Sept. 14 120 May 27 | Sept. 28 124
.| June 1 | Sept. 19 110 May 17 | Oct. 6 132
May 26 | Sept. 15 112 May 13 | Sept. 19 129
June 2| Oct. 4 124 May 11 | Sept. 20 132

Average date of last spring frost, May 23; average date of first fall frost, Sept. 26; average length of growing
season, in days, 126. WIND

Prevailing direction, northwest.
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TasLE 48.—Climatic data, Plevna, Mont.

[Station is 45 miles north of Ekalaka, Mont., and lies a short distance beyond boundary of Little Missouri
River Basin]

PRECIPITATION

[Normal fall, in inches]

January . 0.57
February. .48
INERPOR L et Sded .66
BRI V5 A DR 1.16
33T v e O PRS2SR 2.05
o TR IR R e s 3.03
i1 ST S Al Ao L .- 1.97 | Apr. 1-Sept. 30 10.
August__ ---- 119 | Percent of normal annual, Apr. 1-Sept. 30_..- 75
PR ?’ercenat1 g, 1r>ercent:1
pr. 1- |ofannual, pr. 1- |ofannual,
Year Annual | gent 30 | Apr. 1- Year Annual | gent 30 | Apr. 1-
Sept. 30 Sept. 30
12. 24 9.93 81 18. 41 11.93 65
14. 55 12. 14 83 13. 57 8.78 65
21. 20 17.73 84 12.19 10.17 83
13. 02 9.31 72 11. 60 6.97 60
8.10 5.66 70 18.34 14.86 81
11.89 7.92 67 12. 46 10. 05 81
7.26 4.40 61 14.49 10. 94 75
17. 14 12.45 73 14. 60 13.03 89
14. 00 10.13 72
SNOWFALL
[Normal fall, in inches]
AFLTT g i Ay T O NS Mo TR S oo T E7 1 o) e D S PN S MR T
February- 7.6 | November__
March.. 8.8 | December
April__ 3.4
May.... 1.9 Annual
September. 0.3

TaBLE 49.—Climatic data—Redig, S.Dak.

[Station is 26 miles southeast of Camp Crook, S.Dak., and lies a short distance beyond boundary of the
Little Missouri River Basin]

TEMPERATURE
Mean—Continued
14.9 4T AR PR L b R LR, S Sl 67.4
20.4 Beptember =70 Yot S0 el ph DL ST 57. 4
29.2 October. _ - 40.8
41. 4 Novembe 32.1
51.56 Decetber o e 18.1
62.5
69. 4 P17 ] RN iy 0 SR R R RS A 1421
113 years.
No record for any maximum or minimum temperature.
FROSTS
Length of Length of
Last : s Last : s

f First fall | growing : First fall | growing

Year sgxg;;g frost season, Year sgxgsntg frost | season,

in days in days
May 15 | Sept. 30 138 MR s S B
-| Apr. 21 | Sept. 19 151 May 14 | Sept. 23 132
-| May 16 | Sept. 12 119 _| May 11 | Sept. 20 132

-| May 27 | Sept. 27 123

Average date of last spring frost, May 12; average date of first fall frost, Sept. 22; average length of
growing, season in days, 133. R

No record.
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TaBLE 50.—Climatic data, Redig, S.Dak.

{Station is 26 miles southeast of Camp Crook, S.Dak., and lies a short distance beyond boundary of the
Little Missouri River Basin]

PRECIPITATION

[Normal fall, in inches]

o o WSS L N e € A LN 1 e
October. __ 2
November.
December- .-

4§ Percent of o Percent1 of
pr. 1- | annual pr. 1- | annual
Year Annual | 5ept. 30 | Apr. 1- i Annual | §ept. 30 | Apr. 1-
Sept. 30 Sept. 30
................ 17.85 15. 56 87 10. 23 6.94 68
i 15.15 9.34 62 21.63 15. 54 72
o 8.62 5.00 58 17.31 12.97 75
ki 12.37 9.53 i 16. 53 9.83 59
i 9.27 5. 58 60 15.45 10. 45 68
________________ 15. 59 12. 06 i 20. 26 17.20 85
SNOWFALL
No record.
TaBLE 51.—Climatic data, Rockypoint, Wyo.
TEMPERATURE
No record.
Maximum ever recorded, 105; minimum ever recorded, —37.
FROSTS
. Length of . Length of
Last First f Last First :
Year spring fall gsretgvggg Year spring fall gsz;g;v;gg
y )
frost frost in days frost frost in days
6 | Sept. 19 105 Oct. 13 150
29 | Sept. 12 106 Sept. 13 112
13 | Sept. 14 93 Oet: 03 138
4 adon gy, 113 Sept. 24 152
1 | Sept. 24 115 Sept. 20 132
27 | Oct. 8 134 Sept. 27 145
3 | Sept. 21 110 Sept. 8 80
15 | Sept. 11 119 Oct. 15 145
11 | Sept. 10 122

Average date of last spring frost, May 23; average date of first fall frost, September 22; average length of
growing season, in days, 122.

Prevailing direction, northwest.

WIND
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TABLE 52.—Climatic data, Rockypoint, Wyo.

PRECIPITATION
[Normal fall, in inches]
R e ) e e i 0eRENHaptamber st U . 5o tiel ok e ot T 1.74
February_.._______ B0 NETOeEDheE L - Lt S L e 1.44
1Y N sl e e e e & T .83 | November. =L o8R8
April December. .66
Ay
June.. Annual
July._. Apr. 1-Sept. 30 L1
August Percent of normal annual, Apr. 1-Sept. 30---- 70
i Percent of " Percentl of
35) g ann pr. 1- | annual,
Year Annual | gont” 30 | ‘Apr. I~ Year Annual | gont 30 | ‘Apr. 1-
Sept. 30 Sept. 30
16. 63 12.04 72 22. 69 16. 07 71
15. 25 11.61 76 24.81 17. 65 71
12. 66 9. 62 76 16. 99 6.78 40
21.47 16. 47 77 16. 59 10. 64 64
17. 58 12. 66 72 21.45 12.77 60
11.31 6.10 54 26. 96 20. 66 77
13.23 6.37 48 19.39 14.37 74
19.71 14. 07 72 21.37 12. 05 56
15.40° 10.11 66 13. 55 10. 29 76
SNOWFALL
[Normal fall, in inches]
8.2 | September.
8.0 | October.......
8.1 | November.
R DT (o L R Sl 3 il it WL SR T T
3.2
.3k Aanpal L 54.5
TaBLE 53.—Climatic data, Wibauz, Mont.
TEMPERATURE
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. |Sept.| Oct. | Nov.| Dec. |[Annual
LT A 15.7 | 16.2 | 25.9 | 43.0 | 54.1 | 61.0 | 68.6 | 65.6 | 55.4 | 43.7 | 28.6 | 18.4 41.4
Mean maximum 27.6|28.9(39.2 | 56.7|68.7|75.1|84.1|822|70.6|587]|41.2|29.7 55. 2
Mean minimum...| 3.8 | 3.4 | 12.6 | 29.4 | 39.5 | 46.8 | 53.2 | 49.1 | 40.3 | 28.7 { 16.0 | 7.0 27.5
Maximum ever recorded, 110; minimum ever recorded, —55.
FROSTS
Length Length of
Last : Last : :
: First fall | of grow- f First fall | growing
Year Sﬂf)ls"}‘g frost |ing season, Year sglg;};g frost | season,
in days in days
May 21 | Sept. 7 109 || 1917 June 1| Aug. 9 69
May 17 | Sept. 10 116 || 1918__ May 22 | Sept. 3 104
June 6| Oct. 8 124 || 1919__ May 2| Oct. 4 155
May 14 | July 20 67 (| 1920__ June 1| Oct. 10 128
May 30 | Sept. 26 119 || 1921__ May 15 | Oct. 1 139
May 31 | Sept. 3 95 (| 1922__ Apr. 25 | Oct. 7 165
June 8 | Sept. 14 98 || 1923 May 16 | Sept. 13 120
May 19 | Sept. 15 119 || 1924 __ May 31 | Aug. 31 92

Average date of last spring frost, May 22; average date of first fall frost, Sept. 12; average length of growing

season, in days, 113.
WIL

Prevailing direction, west.

ND
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TaBLE 54.—Climatic data, Wibauz, Mont.
PRECIPITATION

[Normal fall, in inches]

R0 e < S L e B MR TS SRV NS 0.5 [+ Septapaber. ot o i Tv LU LS e B S S 1.01
HODIURL T ot oo b woudnmiiiohvy s b v o .26 | October_...-._- .80
NERal o o BB St e S e .57 | November. .69
-5 | (TR RO P S 1.84 | Decamber-.c oo . o8 e e BUs il .42
May- 2.13
June. 4.04 s v | R e Y (S o M LU s 14. 98
July.. 1.65 | Apr.1-Sept.80___..__.__ - 11.74
g e LD ERER S St et S RN O 1.57 | Percent of normal annual, & 78
Percent s ]f?’erceul:1
Apr. 1- | of annual, pr. 1- |of annual
Year Annual Sept. 30 | Apr. 1 "y Year Annual Sept. 30 | Apr. 1- "
Sept. 30 Sept. 30
14.39 10. 29 T2- IR OT0). He T s Ml 12.09 7.8k 60
13.85 11.49 83 || 1920_.-. 13.19 10. 38 79
20.71 17.90 86 || 1921____ 14.91 12.91 87
21.31 17.44 82 || 1922____ 18. 05 14.44 80
13. 55 10.43 Q0 W98 - o il 17.59 12.93 73
14.34 11.47 80
SNOWFALL
[Normal fall, in inches]
koL e R S N S SRR SR L SR Septemaber. oo - oo Ll L
February. October-..__
March_. November._.
April_ Docember. .o .. S g Lot 2B Do
May.-
b TSN o ARl NI OO A Annual.__

TasLE 55.—United States Geological Survey gaging stations, Little Missouri River

Basin
Miles
y above |Drainage
Stgé?n Tﬁk;{e mﬁ?gge(’f z’:&’érlg Station and location Period of record
Missouri | miles
River
Little Missouri River:
16 56 467.0 831 Near Alzada, Mont._ ..o .. L. 1911-25; 1928-
v 57 472.5 640 At Alzada, Mont__________________ 1904-06.
8 58 409.0 1,931 At Camp Crook, S.Dak. 1903-06.
19 59 187.9 6, 323 At Medora, N.Dak_...__.___.._._ 19(212—0153325922—
s %

1 Maintained at present by U.S. Geological Survey in cooperation with U.S. Engineer Department,

Kansas City, Mo.
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TABLE 56.—Little Missouri River near Alzada, Mont., station no. 6, Little Missourt
River Basin

Drainage area, 831 square miles.

Miles above mouth of Little Missouri River, 467.

[Run-off in acre-feet]

Year ending Sept. 30 October N%vee;_m- D%?rm- January | February| March | April
____________________________ 91 98 121 162 | 114,400 | 124,600 2 86, 200
- 3,340 175 234 1153 15,500 [ 239,800 35, 500
g 1,880 295 382 1307 14,710 17,660 192
5 2, 520 292 1245 1123 12,770 27,660 14, 800
& 1, 240 922 861 615 23, 200 11, 800 4,270
: 612 455 347 231 128 26,150 54, 400
s 57 276 276 1,780 10,900 | 2 61, 500 7,970
2 488 368 448 286 303 1,030 4,040
o 972 1, 460 1, 120 21,230 | 123,000 | ! 36,800 213,700
s 63 286 111 162 11,390 21,410 87
g 0 4 31 343 11,390 | 220,000 29, 500
7! 984 5, 750 1, 300 31,480 31,060 | 213,800 9, 880
-| 30,300 5, 680 1, 360 953 16, 800 21, 200 73,800
2 6, 330 756 1, 380 31,100 36, 800 43, 200 2, 530
o 48 225 131 | 14,150 | 264,500 38, 800
____________________________ 3, 460 199 1184 1184 | 231,100 3,800 631
Septem- | Annual

August ber total
4,140 808 |- obicuas
8,060 5, 250 168, 000
1,990 19, 500 113, 000
11, 700 292 39, 800

14, 400 1,970 ,
3,750 10 55, 500
587 86 69, 700
7,130 6, 600 120, 000
2, 660 0 15, 800
98 92 125, 000
248 356 14, 800
4,790 803 150, 000
27, 200 21, 300 102, 000
2, 250 637 167, 000
1, 290 3,380 137, 000
__________ 2,500 o g s
775 1,260 170, 000
82 , 600

1 Estimated. 2 Partially estimated. 3 Extended.

TaABLE 57.—Litile Missouri River

at Alzada, Mont., Station No. 7, Little Missourt
River Basin

[Run-off in acre-feet]
Drainage area, 640 square miles. Miles above mouth of Little Missouri River, 472.5.

Y%aép?g(l)ng Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. |Sept. ‘%%?ﬁa]
3,170/18,700| 437 123| 1,780 ...
7, 620|12, 600/15, 100| 3,700] 1,340 42, 300

1 Extended.

2 Estimated.

3 Partially estimated.
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Tasre 58.—Litile Missouri River at Camp Crook, S.Dak., Station No. 8, Litile
Missouri River Basin

[Run-off in acre-feet]
Drainage area, 1,931 square miles. Miles above mouth of Little Missouri River, 409.

Year ending Oct

Sopt 50 Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. |Sept. | Annual

............................... 183, 000/27, 000 9, 650|!35, 600| 2, 200|......| 6,720\ ...
" 18] 356 92 92| 1,940| 2,150, 1891(10,500 36, 200(59, 100(12, 800(14, 500| 139, 000
14,;80 1,620/ 2920 2615’11,700220 900|32, 500/37, 600| 17,100/ 1, 220|33, 000| 7, 380| 179, 000
AR

1 Partially estimated. ? Extended.

TABLE 59.—Liitle Missourt River at Medora, N.Dak., Station No. 9, Little Missourt
River Basin

[Run-off in acre-feet]
Drainage area, 6,323 square miles. Miles above mouth of Little Missouri River, 187.9.

Year ending Sept. 30 October N(;;im- Debc;m- January Fg?;u- March | April

4,200 24,500 | 23,100 | 22,500 12,
2,040 2 840 2100 362 : %,

1 Partially estimated. 3 Estimated.
2 North Dakota State Engineer’s Report. 4 Extended.
TABLE 60.—Summary of annual run-off in acre-feet
Mea,u1
' Years of | Maxi- | Mini- GHBUE
Stream and location B e S Mean dret;’l% }:??n
inches
Little Missouri River at Medora, N.Dak____________ 11 | 971,000 | 204,000 | 471,000 1.39
Little Missouri River at Camp Crook, 8.Dak_ 2| 179,000 | 139,000 [ 159,000 1.54
Little Missouri River near Alzada, Mont... 16 | 170,000 14,800 | 100,000 2. 26
Little Missouri River at Alzada, Mont........______ 1 42, 300 , 300 42,300 1.24
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TaBLE 61.—Summary of mean daily flow in second-feet

Maxi-
N f| Maxi Mini muné
: ears o axi- ini- second-
Stream and location feoidl it T Mean foet per
square
mile
Little Missouri River at Medora, N.Dak_____.______ 11 33, 700 1.9 651.0 5.33
Little Missouri River at Camp Crook, S.Dak_______ 2 3,480 0 220.0 1.80
Little Missouri River near Alzada, Mont._____. 2 16 4, 550 0 138.0 5.48
Little Missouri River at Alzada, Mont. .. ¢ 1 1,744 0 58.4 2.

TaBLE 62.—Operation of Cottonwood Creek Reservoir, Litile Missouri Irrigation

Project
[Reservoir capacity=4,890 acre-feet; project area=3,000 acres; units in acre-feet]
Run-off| .
Little | . | Short- |q o |Surplus) Irtiga- | Reser- | peger. | rriga-
Mis- O i ageiin |5 PO O fOn o1 YOIE - voles L ition
Year and month | <o 0 | mand | ov o) for stor-| verted | draft |evapo-| oo | b +. | Waste
near. | Bt river How age | by feed| on res- | ration tent Sl
Kinads canal | ervoir | loss #E9
4, 280 0 0| 4,280 | 4,280 0 77| 4,203 0 0
4, 240 375 0| 3,865 895 0 208 | 4,890 0 2,970
2,380 | 1,500 0 880 289 0 289 | 4,890 0 591
2,270 | 2,625 355 0 0 266 329 | 4,295 0 0
3,750 | 2,250 0| 1,500 1,011 0 416 | 4,890 0 489
0 750 750 0 0 564 150 | 4,176 0 0
16,920 | 7,500 | 1,105 | 10,525 | 6,475 830 |- i1,460:1. .o Sell 0 4,050
54, 400 0 0| 54,400 | 4,760 0 84 | 4,676 0| 49,640
3,930 375 |- 0| 3,555 434 0 220 | 4,890 0 3,121
2,740 | 1,500 0| 1,240 289 0 289 | 4,890 0 951
308 | 2,625 2,317 0 0| 1,740 300 [ 2,850 0 0
615 | 2,250 | 1,635 0 0| 1,225 170 | 1,455 0 0
60 750 690 0 0 518 50 887 0 0
62,053 | 7,500 | 4,642 | 59,195 | 5,483 | 3,483 | 1,113 |_.___... 0] 53,712
7,980 0 0 7,980 0 0 0 0 0 7,980
9, 970 375 0| 959 0 0 0 0 0 9, 595
3,090 | 1,500 0| 1,59 0 0 0 0 0 1,590
10,100 | 2,625 0| 7,475 0 0 0 0 0 7,475
7,140 | 2,250 0| 4,890 0 0 0 0 0 4,890
6, 600 750 0| 5,850 0 0 0 0 0 5,850
44,800 | 7,500 0 | 37,380 0 0 & e 0| 37,380
4, 050 0 0| 4,050 | 4,050 0 74 | 3,976 0 0
553 375 0 178 178 0 176 | 3,978 0 0
0| 1,500 | 1,500 0 0| 1,125 180 | 2,673 0 0
5,600 | 2,625 2,975 | 2,460 0 200 | 4,843 0 515
2,640 | 2,250 390 0 448 | 4,785 0 0
0 750 750 0 0 564 165 | 4,056 0 0
12,843 | 7,500 | 2,250 | 7,593 | 7,078 1, 689" 1,838 {2.iduils 0 515
1,420 0 0| 1,420 [ 1,420 0 33 | 1,387 0 0
89 0 89 89 0 60 | 1,416 0 0
0 375 375 0 0 282 70 | 1,064 0 0
9,280 | 1,500 7,780 | 3,260 123 | 4,201 0 4, 520
1,540 | 2,625 | 1,085 0 0 814 287 | 3,100 0 0
August... 2,250 | 2,004 0 0| 1,500 216 | 1,384 0 0
er. 750 393 0 0 295 52 | 1,037 0 0
7,500 | 3,857 | 9,289 | 4,769 | 2,891 2% 3 I Sy e 0 4,520
0 0| 375 | 3,750 0 60 | 3,690 0 0
0 0 654 654 0 132 | 4,212 0 0
375 0 240 240 0 192 | 4,260 0 0
1, 500 0| 7,540 890 0 260 | 4,890 0 6, 650
2,625 | 2,317 0 0| 1,968 287 | 2,635 0 0
2,250 | 2,188 0 0| 1,686 176 773 0 0
750 7 0 0 564 26 183 0 0
7,500 | 5,255 | 12,184 | 5,534 | 4,218 | 1,133 |..__.._. 0 6, 650

Note.—The above data for the dry years of 1921 and 1930, also the dry period from 1916 to 1919, inclusive.
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TABLE 63.—Mechanical analysis of suspended sediment, Little Missourt River at
Medora, N.Dak.

LITTLE MISSOURI RIVER BASIN

May 9, | May 10, Sept. 19, 1929, to July 31, 1931
1931 1931

1.86 1.86 | Composite sample made up from daily mid-stream surface samples;
0. 0.9 represents average composition of sediment during the period of
0+43 | 0443 sampling.

Classification and size limits in millimeters Pemegcgf éggz%ﬁs::tiigﬁmt in

VOIS A T AN L O W e o o L B It SR RGN 60.5 60.9 46.6
(b) Silt:
Very fine and fine (3456 to 164)---- - 27.5 23.9 35.0
Medium and coarse (64 to }s) 01.1 01.4 15:2
(¢) Very fine sand (e to ¥8) - 04.6 04.4 0L.8
(d) Fine sand (36 to }4)-____ 03.3 05.5 00.9
(e) Medium sand (% to 16)..__ 01.9 03.0 00.3
(f) Coarse sand (3% to 1) =2 el 011 00.9 00.2
(D)7 Yery-coatsesand! (1o 8y 21 cf s sl Ll Ul s e e L e 00.0 00.0 00.0
b)) AR o, e A e sy D p IO s o -0 L ol SR I R 100. 0 100.0 100. 0
ArpeNnDIX III
Description of potential irrigation projects
CONTENTS

. . . . Page

Tatitle: Missouni project (potentlal) ..o ila cudlas M Lode Soie. Il g ol 8
SUMINHTLY of-priBeipaladata o2 0 o oa e e o o et e 85
1B i) e e e S s SRR s ke i Rl T gl i 86
Dandddniprojeniiol. o SRl gl Goibd A kash IR Cl Tl bl A R o 86
Soil vlasmification Ak e ohn: Lo st rfan e e P G e B e 86
Wiaterisnpply. o oeorn ot By e e et St e Ul - s 89
Quality of water supplys: - =il MeaL LU ea et el g el e et A 89
IPlansofereblamiiign es e o al Lo e e e 89
ClostelLbabe . TR0k 2 i Fa 3o A LR - AR ESNE aee T aE vE 90

SUMMARY OF PRINCIPAL DATA

State: Montana.

County: Carter.

Latitude: 45° 15’ north.

Longitude: 104° 10’ west.

Location: T. 6 8., R. 61 and 62 E.; T.7 S, R. 60 and 61 E.; T. 8 S., R. 60 E.,
Montana prinecipal meridian.

Railroad connections: None; 45 miles to Belle Fourche, S.Dak., the nearest
railroad station.

Principal markets: Alzada, Mont; Belle Fourche, S.Dak.; and other local
points.

Elevation of land: 3,380 feet to 3,460 feet above sea level.

Character of soil: Heavy clay and clay loams, containing varying quantities
of gypsum and alkali and characterized by poor drainage.

Range of temperature: —35° to 108°.

Mean temperature: Annual, 44.6°; growing season, 64.6°.

Average date of last spring frost: May 16.

Average date of first fall frost: September 26.

Average length of growing season: 133 days.

Average precipitation: Annual, 18.04 inches; growing season, 13.57 inches.

Principal crops: Small grains and forage crops.

Duty of water: 1.5 acre-feet per acre per annum on land, 2.5 acre-feet per acre
per annum at source.

Net irrigable area: 3,000 acres.

Construction cost per irrigable acre: $189.33.

See maps 15, 16, and 17, and charts 25 and 26, appendix I1; also, see table 62,
appendix II.

1 Only charts 25 and 26 printed.
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1. History.—A reconnaissance of the Little Missouri project was
made by the Bureau of Reclamation in 1904. (See Third Annual
Report of the Bureau.)

2. The Little Missouri Land & Irrigation Co. was organized in 1912
for the purpose of developing this project under the Carey Act. On
March 24, 1913, the General Land Office approved the segregation
(Montana, no. 22). The plan of reclamation included a storage
reservoir on lower Cottonwood Creek, claimed to have a capacity of
20,000 acre-feet; a feeder canal of 500 second-feet capacity diverting
from the Little Missouri River; and a main canal and distribution
system supplied directly from the reservoir. Construction work was
started in 1914 and the storage dam partially built. Excavation was
also completed for the first 9 miles of the main canal below the reser-
voir. In 1915, a freshet in Cottonwood Creek damaged the dam and
washed out about 600 feet of the main canal. Work was abandoned
at this time and has not been resumed, although the project was kept
alive by extensions of time for completion. However, the General
Land Office has refused further extensions and as it is understood that
the segregation was canceled as of January 1, 1931, the project can
be considered as abandoned as a Carey Act enterprise.

3. Preliminary topographic surveys, covering the project storage
site and the irrigable lands, were made by this office early in the
Summer of 1931. The lands included in the survey were later
classified as to their desirability for irrigation.

4. Lands in project.—The lands lie in a long narrow strip along the
west side of the Lattle Missouri River, between the proposed reservoir
on Cottonwood Creek and a point a few miles above Capitol, Mont.
The gross area under the project is approximately 25,700 acres, the
major portion of which is public land.

5. The soil classification indicates that a large portion of the gross
area under the proposed main canal is of inferior character and
unsuited for irrigation. The soils vary from sandy-clay loams to
heavy clays and much of the heavier soils contain considerable
amounts of deleterious salts.

6. None of the land within the project is at present under irriga-
tion. The bench, on which the lands are situated, has a gentle slope
toward the river but is cut by numerous small ravines.

7. After eliminating the land determined to be undesirable for
irrigation, and allowing for rights of way, roads, buildings, ete., a
net irrigable area of only 3,000 acres remains.

8. Soil classification.—The soil classification of this project is
based upon the soil type, as determined by the proportion and
relative size of the soil particles, and upon the topography where the
various types occur. The Little Missouri River in this section follows
a meandering course through its valley, with a 20- to 25-foot entrench-
ment below the general level of the plain. At each of the sharp bends
is found a steep cut bank on the convex side and a low point on the
concave side. The low area on the concave side is generally subject
to overflow during periods of high water. The area subject to over-
flow is usually grown up in low trees and scrub growth. Back from
the river rises the gentle slope of the terrace, which steepens slightly
with increased distance from the stream as it approaches the buttes
bordering the valley. Except for the low land on the river bank, the
courses of the few creeks and draws entering the river, and a few
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natural depressions, all the land under the proposed canal is terrace
soil.

9. Two soil types predominate on the terrace, a clay loam and a
clay, which are very similar in all characteristics except in the texture
and structure of their surface layers. These surface types are under-
lain by calcareous, granular clay subsoils. While the slope of the
terrace is very gentle even in the higher areas, it is quite uniform, and
this condition, combined with the heavy texture of the soil, results
in an immediate run-off of all surface water after a rain. The terrace
soils are alluvial in origin, of materials washed down from the shale
and sandstone formations of the adjoining high land, but are derived
principally from the clay-forming shales.

10. There is a fairly even distribution of alkali over the area of
clay soil on the terrace, which, when tested in the field by the electric-
bridge method, showed an average concentration of 0.17 percent of
soluble salts in the surface soil and 0.60 percent in the subsoil. How-
ever, the alkali content of the surface soil in low or depressed areas
is much higher than the average, approaching 1 percent in poorly
drained spots. Analyses of solutions of this soil showed the alkali
to be mainly sulphates and carbonates.

11. The native vegetation supported by this soil is a very patchy
growth of low scrub sage, prickly pear, and a few scattered clumps of
wheat grass. The presence of the sage bears out the results obtained
by the alkali tests with the electric-bridge, which indicate that the
soil, while containing a harmful quantity of soluble salts, will produce
yields if planted with alkali resisting crops.

12. In this report each soil type 1s designated by a number, and is
further classified as to the terrain where it occurs by letters as follows:

A, lands with slopes from 0 to 6 percent.

B, lands with slopes from 6 to 12 percent.

C, lands with slopes in excess of 12 percent or lands so rough and broken as to
be unsuited for irrigation.

D, lands so low, flat, or poorly drained as to be impractical of drainage after
irrigating desirable land.

13. The following table presents the areas classed as desirable and
undesirable for irrigation listed by type numbers and terrain letters.
The symbol (+) behind the terrain letter indicates the presence of
alkali to a degree harmful to crops. A detailed description of each soil
type follows the table.

Soil types and acreages
Soils desirable for irrigation:

ype no.: Acreage
3% ____________________________________________________ 3, 440

131 3 e N s U G MO Lt Siea P Mg o e SN e Wy ST A0 20

4 Mo Mgl 1 VS e o B g NS DTN 0 | AT A8 S £ R0 0 iy 0 o A g ) 3, 460
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Sotl types and acreages—Continued

Soils undesirable for irrigation:

Type no.: Acreage
DAY TSl e e s Lo I s TR o) R DLt & S B Y AR R 10
A e SR Siiele - HIETRTE AT Ty T ST ek R T 19, 580
1023 S8 P Y B P hoceeqn A AW ST TR iy SRR S e T gt [0 N 2 150
217 0 TS s eSS SRR U X Wit LAl e Ul Ry A LT e 520
15241 B A e for 0 A e Pl ey W e it e e g s i S S 720
§a] Gl o Ay SRORA L B0 R U S LA Rl st S s ST 20
1A10 N et e gt S e Rl e ar I M BT T L A 1, 070
1P LA SO ST P T S SR e e e S 200

4 i A g At Rl il S el el inpal & e el e i R el 22, 270

Percent of total gross aren R A L o e e, e e 86.

Nore.—The above acreage desirable for irrigation has not had excluded from
it an allowance for rights of way, roads, buildings, etc. If 13 percent is deducted
for these uses, the net irrigable area is 3,000 acres.

14. Soil type no. 12 is the most extensive type found in the project,
making up 82 percent of the total acreage. It is a gray to grayish-
yellow, compact clay, which continues through the 3-foot section,
with finely divided lime particles below a depth of 18 inches. A more
compact hardpan layer is usually found between depths of 2 and 6
inches, and the structure of the clay normally becomes slightly
granular in the zone of lime concentration. This soil occurs on the
flat terrace of the river and is characterized by a sparse, patchy
vegetation of scrubby valley sage, prickly pear, and grass, with fre-
quent almost white, bare, blown-out areas. Being almost impervious
and having a smooth gentle slope, the soil is not penetrated more
than a few inches by even the hardest rains and shows a tendency to
erode into deep gullies at the natural drainage outlets and on the
banks of the river due to the excessive run-off. This soil is alluvial
in origin, being composed of materials washed down from the adjoin-
ing shale and sandstone highlands, which are high in alkali content.
A detailed study of the alkalinity of this type, made with the electric
salt bridge, showed an average of 0.17 and 0.60 percent of soluble
salts in the surface and subsoils respectively. None of the soil is
under cultivation but is used as sheep range, supporting not more
than 15 animals to the square mile, and is not a desirable type for
irrigation.

15. Soil type no. 13 is a brown to grayish-brown, clay loam of
heavy columnar structure, underlain at a depth of 8 inches by a
4-inch compact clay loam, hardpan layer. From this depth clay
loam continues, gradually becoming lighter in color and heavier in
texture with increased depth to below the second foot, where it
grades to the heavy, calcareous clay of soil type no. 12. This soil
occurs on the flat terraces in small isolated areas surrounded by type
no. 12, and was formed by alluvial action but under conditions not
favorable to the accumulation of alkali. It is the best agricultural
land in the valley, with good surface drainage, and is cultivated
mainly in hay and forage crops, and supports a fair stand of native
grasses in its natural state. Where cultivated the hardpan layer
1s usually absent, having been broken up by root action and deep
cultivation, making a manageable soil greatly retentive of moisture
and a desirable type for irrigation.



LITTLE MISSOURI RIVER, WYQ., MONT., §.DAK., AND N.DAK. 89

16. The lands classed as irrigable in the project form a relatively

small percentage of the total area. Soil type no. 13, the ligchtest and
best agricultural land in the area, is at present practically free from
alkali. However, the parent material of the terrace soils is a blue-
black shale, containing thin layers and pockets of gypsum and other
soluble salts, which is a practically inexhaustible source of alkali.
This shale is found in the higher land above the terrace and in the low
buttes and usually has but a shallow soil cover. As the proposed
ditch at several points passes through this shale formation, it is cer-
tain that the irrigation water in the canal would become impregnated
with alkali before distribution over the land unless preventive meas-
ures were taken. Such measures to prevent contamination of the
water and further accumulation of salts on the land would prove
costl%r ; ;nd it is extremely doubtful whether the expenditure would be
justified.
: 17. Water supply.—The main source of water supply for this proj-
ect is the Little Missouri River. A gaging station was established
on the river near Alzada, Mont., in 1911, and records are practically
continuous since that date with the exceptions of the years 1926, 1927,
and 1928. (See table 56, appendix II, and charts 22, 25, and 26,
appendix I.) The minimum flow during the 16 years of record fre-
quently was zero. At Alzada, the Little Missouri has been dry during
almost every month of the year. The maximum observed daily mean
flow was 4,550 second-feet, on April 6, 1912. The average annual
run-off for the years of record is 100,000 acre-feet, or 2.26 inches on
the drainage area (831 square miles). About 39 percent of the aver-
age run-off occurs during the May-September irrigation season, but
the flow is so erratic that it is not a dependable source for irrigation
unless controlled by storage works. In 11 of the 16 years of available
stream-flow records there were shortages in the May-September
natural flow for irrigating 3,000 acres of land, varying from 1,100 acre-
feet to over 5,000 acre-feet. A reservoir of 4,890 acre-feet usable
capacity would regulate the run-off from April 1 to September 30 and
make it available for the full irrigation of 3,000 acres of irrigable land
below the reservoir. (See table 62, appendix II.)

18. Existing water appropriations on the Little Missouri River
which might conflict with the supply for this project are practically
negligible.

19. Quality of water supply.—Only one sample of water from the
Little Missouri River in the vicinity of the project has been analyzed.
It was taken during low summer flow and indicates the presence of
alkali, mainly in the form of sulphates and bicarbonates, in a concen-
tration of about 1,200 parts per million. It is probable that analyses
of samples taken from the stream under higher flow conditions will
show considerably less concentration. However, it is evident that
the water contains a dangerous amount of injurious salts for the heavy
soils of the project and must be used in irrigation with considerable
care to prevent ruining the land.

20. Plan of reclamation.—The proposed system for irrigating the
3,000 acres of land classed as desirable for irrigation in this project,
consists of a 4,890 acre-foot reservoir on Cottonwood Creek, fed by an
80 second-foot canal from the Little Missouri River; and a main canal,
of 35 second-feet maximum capacity, leading from the reservoir to
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the project lands. (See maps 15, 16, and 17, appendix I.) 2 Follow-
ing are brief data concerning the several construction units of the
project:

COTTONWOOD CREEK RESERVOIR

Status: Dam partly built but washed out in 1915. Entirely new dam re-
quired. Preliminary surveys made in 1931.

Location: Secs. 5, 6, 7, 8, and 9, T. 8 8., R. 60 E., Montana principal meridian.

Source of water supply: Little Missouri River.

Type of dam: Earth fill with concrete spillway.

Height of dam: 43 feet above stream bed.

Length of dam: 1,530 feet on crest.

Size of spillway: 150 feet wide, 5 feet deep.

Capacity of spillway: 1,500 second-feet.

Area of reservoir: 577 acres.

Capacity of reservoir: 4,890 acre-feet.

Estimated total cost: $374,000.

DIVERSION DAM

Status: Potential, preliminary surveys made.

Location: Sec. 6, T. 9 8., R. 60 E.

Type of dam: Concrete weir with concrete and earth abuiments.
Length: 108 feet.

Height: 12 feet.

Estimated total cost: $46,000.

FEED CANAL

Status: Potential, preliminary surveys made.
Capacity: 80 second-feet.

Length: About 6 miles.

Estimated total cost: $50,000.

MAIN CANAL

Status: Excavated for 9 miles, no structures (now of little practical value).
Capacity: 35 second-feet required.

Length: 24 miles (total requirement, disregarding previous construction).
Lateral and drainage systems: For 3,000 acres.

Estimated total cost for main canal and lateral system: $98,000.

The construction work involved in the development would not
be especially difficult. The dam foundations, consisting of clay and
shale, are considered suitable for supporting a low earth dam of the
type proposed. Material for the main part of the dam can be ob-
tained from the hillside adjacent to the north abutment. The
canals are to be unlined, with concrete structures.

COSTS

21. Preliminary cost estimates, including the reservoir and feed
canal, main canal, and lateral systems, were prepared for this project.
The total estimated construction cost for a system to serve 3,000
acres of irrigable land is $568,000, or $189.33 per acre.

2 Not printed.
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