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MAIN STEM MISSOURI RIVER BASIN

GL' TMAL The Missouri Rver is form ed by the jtr_otion of the Jeffer-
son, Madison, and Gallatin rivers at Three .17.0±h in southwestern
Montana. It f l ows in a general skyarheasterly direction to its
confluence 1.„a the Ill esiexi-epi Fl yer about 15 )Liles above St.

Missoari. It ent c r3 NarL'2. .-.2a;:)ta about w,) 7,iles south of
the northwest corner of the state at a point 20 miles west of
Williston. The gene-nal core ie seuthcaetward in a winding chan-
nel to a point approximately 50 7iles WO E:6 of the geographical
center of the stdte. It then 3-1-_13,:,s an abrupt turn and flows
more directly south to the point where it leaves North Dakota
and enters South Dakota at almost the exact center of the state
line.

DRAINAGE	 The total MissoutRiver drainaee area in North. Dakot a. is
AREA	 40,832 square miles. Of this 23,796 square miles is covered in

the separate reports for the James, Knife, Heart, Cannonball,
Little Missoini., ',trend, and Yellowstone Basins. The Main Stern
Missouri River Basin, as treated in this report comprises an
area of 17,036 square miles.

POPULATION The total population of the Basin in► 1930 was 130,610.
39,005 persons resided in incorporated cities and villages. There
are 16 towns of over 500 population. Bismarck with 11,090 is the
largest and Williston with 5,106 is second. Next in size is Lin-
ton with 1,192.

FEDERAL	 During the month of peak load, March 1935, 58,208 persons or
AID44.64 of the total Basin population were receiving federal aid.

The state average for the same month was 31.64. In the peak
month of W.P.A. employment 3,699 were employed on work projects
in or near cities and villages and 11,873 persons were employed
in more rural areas, making a total of 15,572 persons employed
in October, 1936.

TRIBUTARIES	 The principal tributaries of the Missouri River to be treated
in this report ore the Little Muddy Creek, with a drainage area of
1,310 square miles, and Beaver Creek (Southeast of Bismarck) with
a drainage area of 1,960 square miles. Although Ap ple Creek has
a drainage area of 3,020 square miles, a large portion of this
lies in the morainal lake area and consequently the run–off is
very low. There are n number of tributaries of lesser import•nce.
Most of these are on the northeast side of the Missouri River.



PHYSICAL	 The Missouri River is a typical alluvial stream, character-
CHAaACTER- ize by instability of channel, relatively steep and frequently
ISTICS

	

	 changing banks, easily eroded bed rod banks, omd the transporta-
tion of an enormous quantity of suspended material and bed sedi-
ment. It flows through a flat valley 2 to 3 miles in ridth.
The valley is goncecally divided into two benches. One bench is
about 15 feet above normal water level. The second_ bench is 25
or 30 feet higher. The valley is be-maed on bo'.h sides by steep
bluffs, 200 to 600 feet in height, e:Bich are dissected by numerous
streams and coulees thus fccilg '11.c: so called "b-'eaks" of the
Missouri River. North and east of ;,he river the breaks merge
into a broad exilono of rolling prairie leading to the Altamont
Moraine. The moraine is a series of hills and depressions in an
uneven belt from S to 20 miles in width, along the Missouri es-
carpment. Many of the depressions in the area form lakes most of
which are dry at the present time. On the southwest side of the
river the "breaks" lead to uplands considerably higher than the
eastern territory. The valley bluffs are also steeper in this rren.

NATURAL	 Much of the Basin is underlain with lignite coal which is
RESOURCES	 mined commercially at a number of nethts. In sone localities

the strata of coal are sufficiently near the top of the ground to
be removed by strip mining. In other areas tunnels in the sides
of coulee banks are used for removing the coal. There are a few
vertical shaft mines in the area. Gravel is another natural re-
source that is used extensively in the Basin. Sodium sulphate
deposits in great quantities are found in the extreme northwest
portion of the Basin, prrticulnrily near Grenora. Sodium sulphate
is extensively used in the manufactpre of paper. The deposits
in North DaLota are ready for commercial develo pment but at pres-
ent cannot be profitably developed because of high freight rates
to prospective points of use.

GROUND	 Water supplies are obtained in valley bottoms rt depths of
RATE/

	

	 from 10 to 25 feet. In the surrounding drift areas water is se-
cured at slightly greaterdepths -nd the level in the rolls is
more subject to fluctuation. During drought years nrny of these
wells become dry and others reruire deepening to furnish an ade-
quate supply. The Fort Union strata has many sprinr,s. These
yield abundant supplies to surrounding areas. Such sprine;s are
present in great numbers within 15 or 20 miles of the Missouri
River. Deep rolls to the Fox hills sandstone in the lower one-
third of the Bg zin yield rater of variable quality. Most of the
rater from shallov Wells in the Basin is good although some is
brackish or is high in mineral content.

TIO WATER
	

The water problem in the Main Stem Missouri River Basin is
PROBLEM 

	

	
primarily one of making use of part of the large amount of water
carried through the area by the Missouri River. There is also a



deed for reservoirs on the tributary streams and in the headwater
areas for storing water for recreation, wildfowl conservation and
irrigation. Many towns in the area rre in need of improved water
supply and sewage disposal facilities.

PRECIPIT/V4,	 The 20 year average annual precipitation for the Basin is
TION	 14.30 inches. The average during the growing season is 10.63

inches and varies tom 13.05 inches at Ashley to 9.28 inches at
Howard. On the basis that approximately 12 to 14 inches of rain-
fall during the growlng season, are required to raise a fair crop
in the area, it is apparent that during more than one-half the
years there is a definite shorta4;e of moisture for growing crops.
Records show a crop failure 2 years out of each 5 year period.
During drought years high priced feed must be shipped in to
maintain foundation herds in the Bast;,-,, Even during normal
periods this causes serious losses to the farmers. In recent
years all available resources have been used to buy this feed
and, in a great number of cases, federal aid has become a neces-
sity. It is estimated that there ars 300,000 acres of potentially
irrigable land in the Missouri River bottom lands. 200,000 acres
of this are on the lower bench and 100,000 are on the second bench.
The irrigation of these bottom lands would permit the growing of
sufficient feed in Basin to sustain basic herds in drought years.

RUN-OFF

FLOODS 

The average annual run-off of the Missouri River at Bis-%
marek is approximately 2 inches. However, the run-off considered
in this report varies from 0.75 for the Littlefeart River to 0.18
for Apple Creek and Big Beaver Creek. The averAge run-off for
streams on the northeast side of the upper poriton of the Basin
is about 0.35 inches. The run-off varies grea5ly over the lengths
of the different streams being high in the "breaks", medium in the
prairie areas, and very low in the morainal lake areas. The run-
off from the Missouri slope is much higher than from the area across
the river.

The tributaries considered in this report do not cause excess-
ive flood damage. The Missouri River frequently floods over the
lower bench causing some local damage. Such floods are usually
due to ice jams rather than entirely due to excessive flow. Man-
dan has suffered the greatest damages in North,Dakota due to Mis-
souri River floods. This is estimated by the U. S. Army Engineers
to le approximately $5,000 per year. Mandan  now has levee protect-
ion for all ordinary Missouri River floods. Flood control is not
a primary problem in the Basin. The Fort Peck dam will not greatly
alleviate the fibod situation in North Dakota. It controls but one-
third the drainage area tributary to the Missouri River above Man-
dan. As stated above, floods in North Dakota are usually caused by
local ice jams rather than by excessive flow in the river. If the



flow were reduced sufficiently, however, these ice jams would
not form. A large reservoir on the Yellowstone River or the
Missouri River below; the mouth of the Yellowstone would provide
such flood control. The tort of a flood control reservoir would
be entirely out of proportion to the benefit derived.

BIOLOGICAL	 The U. S. Bureau of Biological Survey under their easement
SURVEY	 program have constructed a rrembee of dams ir. the Basin which

serve to refill low or dry lakes ALA sloughs and make them
available vs waterfowl refuces and for recreational purposes.
The largest of these projects is t ile Long Lake project in Bur-
leigh County. Next in size end importaace is the Lake Nettie
project in McLean County rhich provides 1230 acre feet of
storage. A number of smaller projects have been constructed
or ere under construction at the present time.

WILD LIFE

RECREATION 

There is considerable wild life in the Basin. There are
a number of deer in the "breaks" along the Missouri River. The
Biological Survey projects will develop needed waterfowl refuges
in the area.

There are many lakes in the morainal areas that are used as
recreational spots during normal years. However, during recent
years these have dried up and have become unfit for use. The
program of the Biological Survey has resulted in the formation
of a number of lakes suitable for recreational purposes. There
is a need for additional recreational facilities in the Basin.
Although the possible storage is usually not large, some excel-
lent recreational reservoirs can be created by impounding the
flow from large springs which vre present in the regions near
the river.

WATER.	 There is no water power development on the Missouri River or
POWER	 its tributaries in North Dakota. Power could be developed by cons-

tructing large dams. The cost of dams would be excessive for such
purposes. A study by the U. S. Army Engineers of possible power
development in connection with a proposed series of dams for
canalization of the Missouri River shows that the development
of power on the Missouri River is uneconomical. The anticipated
power needs of the Basin con be most economically satisfied by
the construction of additional steam generating stations whore
needed. These stations would use the cheap fuels available to
the Basin in the form of lignite coal and natural gas. In the
case of larger irrigation projects the construction of individual
generating stations for each project could probably be economicelly
justified. However, it is expected that low power rates will be
made by power companies because the irrigation load would tendto
increase their load factor.



NAVIGATION	 Some navigation is maintained on the Missouri River with
flat bottomed boats.	 Loading facilities are available at
Mandan, Price, Mandan Lake, Stanton and several other North
Dakota points. The water in the river is sufficient for these
boats except in years of extreme drought. The Fort Peck Dam
in Montana is being built for the purpose of maintrining a
minimum flow in the Missouri River at Yankton of 30,000 cubic
feet per second, for the 1:eeefit of navigation in the lower
river channel. The effect of mainaining 30,000 cubic feet,
per second in the river at Yenkten would be to make the river
in North Dakota navigable during all open seasons for the flat
bottomed boats. River navigation is so slight in North Dakota,
however, that the benefit to navigation in North Dakota of such
stream regulation will be extremely small.

The U. S. Army Engineers have made preliminary investigae•
tions relative to the maintenance of a six foot channel for
navigation from the mouth of the Yellowstone River to Yankton,
South Dakota by means of a series of 23 dams and locks. This
is being further investigated at the present time. Soil borings
are being made at several proposed dam sites along the river.

MISSOURI	 In the Devils Lake report the Missouri River Diversion pro-
ject is outlined and is proposed as a project for the benefit of

DIVMSION

	

	 the James, the Sheyenne, the Lower Red, .the Devils Lake, and the
Mouse River Basins. This project would consist of diversion of
approximately 1000 cubic feet per second from the Missouri River
to these Basins by means of canals and tunnels at an ehtimated
cost of $30,000,000. The U. S. Army Engineers have recently been
making surveys and investigations to determine the best method of
diversion. The results of these investigations have not been
published, but should become available within a short time. The
project concerns the Missouri Basin in that 1000 cubic feet per
second would be diverted ,without resulting in any inconvience at
any point along the Missouri River. In the event diversion was
secured by a medium height dam benefits to the Basin would res-
ult from the impounding of several hundred thousand acre feet
of water.

CHANNEL	 The Missouri River is subject to constant channel changing.
IMPROVEMENT Where towns are built close to the channel and where bridges

cross the river, this situation requires close attention. The
State Highway Department has spent approximately $200,000 for
revetment work west of Williston to protect the large highway
bridge from this menace. Williston has suffered serious loss
due to the constant changing of the river channel. Williston
uses Missouri River water for municipal supply purposes.
Great difficulty has been experienced in keeping the water



DPAIKAGE 

intake in the rater. There is a need for additional revet-
ment cork at the city of Tiiiiston to provide for the main-
tenance of a constant channel past the city•.

The constant changing of the river channel results in the
cutting away of well developed farm lands and tlie building up
of sand bars of no economical lira !•.;.e,. This conL.tion is un-
favorable for the constrecion of -permanent piping plants for
irrigation, It is probable that eeme local revetment work would
have to be done	 the vicinity ef proposed punping plants.

Natural drainage is sufficient in the Basin to take care
of spring run-off and that fcllowing heavy rains, There are
no drainage sys'Gems in the Basin and there is no need for rich
development.

MUNICIPAL	 There are a considerable number of tons in the Basin having

SUPPLY	 an inadequate supply of water. In most cases it would be rela
tively easy to secure andequate supply, by the deepening of
wells or the digging of new wells in more favorable locations,
Several towns are in need of water supply systems.

•	 STREAM	 The towns located along the Missouri River cbposit their

POLLUTION	 untreated sewage into the main stream, Because of the large
flow available for dilution purposes even during dry seasons,
there is no problem along the Missouri River itself. A number
of towns on tributary streams have sewage disposal systems. In
some cases treatment is inadequate and stream flow is deficient.
This results in an unhealthy condition. Many toms in the Basin
need sewage systeme. These should include adequate treatment
plants to prevent stream pollution.

IRRIGATION As stated above there are 300,000 acres of irrigable bottom
lands along the Missouri River. 200,000 acres of this are on
the first bench and could be irrigrted by pumping projects in-
volving nn average lift of 15 to 18 feet. The irrigation of
the second bench would involve a lift of 40 to 50 feet. Pro-
jects involving irrigation of the first bench along the Mis-
souri River were particularly recommended by Mr. 7. W. McLaugh-
lin in a report on his inspection trip to proposed North Dakota
irrigation projects during June 1936. Mr, McLaughlin also
recommended flood irrigation projects on tributary streams.
There are also largo areas along tributary streams of the Basin
that are suitable for irrigation. Missouri River water may be
pumped to irrigate projects along the lower reaches of these
valleys. Irrigable land farther upstream may be irrigated by
the construction of medium or lerge storage reservoirs on those
streams or by flood irric,ation methods.



The Missouri River offers one of the prime requisites for
irrigation, namely, an abundant rater supply, The tributary
streams within the Basin are characterized by quick run-off with
very little water running in such streams during all seasons of
the year other than the spring. Water for use in connection with
irrigation along these streams is dependent on -6he storage of
surplus water during periods of spring run-off.

FLOOD	 Feasiable flood irrigation projects exist on many of the
IRRIGATION tributaries in the Basin. Streams in the Basin on which flood

irrigation can be practiced are: The Little Muddy Creek in Wil-
liams County, the Little Knife River, Shell Creek, Painted Woods
Creek, Apple Creek, and Beaver Creek. Flooding and pending of
the stream bottom. lands can be done by means of diversion dams
and dikes. Crops suitable for flood irrigation on those bottom
lands are alfalfa and the native grasses,

EXISTING	 A number of land owners along the Missouri River lower bench
IRRIGATION level lands are practicing irrigation by pumping water from the
PROJECTS	 river onto their lands. These projects are located Mandan, at

Center, at Hensler, at Sanish and at Tilliston. Only relatively
small tracts are being irrigated by these develo pments. The
total Missouri River bottom lands in North Drketa under existing
irrigation is approximately 1 0 200 acres. While irrigation is not
always reouired for these bottom lauds, it is very desirable in
years and periods of subnormal precipitation and even during
years of abundant rainfall the increased production would prob-
ably take care of the annual charge for construction, mainten-
ance, and operation costs.

IYVESTIGA4	 Investigations and surveys for a number of proposed ir-
r '.PIONS OF	 rigation projects adjoining the main stem of the Missouri River
PROPOSED	 in North Dakota have been made by federal gencies, including the

Bureau of Reclamation and the War Department. Included in the
TION	 list of proposed projects is the Williston pumping project and
PROJECTS	 the Buford-Trenton pumping project,located along the Missouri

River in Williams County, North Dakota. Construction work for
the Williston unit was started in 1905 and the project wa.s op-
erated from 1907 to 1914. Crnals and other irrigation works
in connection with this irrigation project rre now in fairly
good condition and would not require extensive repairs and
reconstruction. Surveys and plans were made for the Buford-
Trenton unit and a pumping station with intake was constructed
on the project for pumping into a settling reservoir. These
irrigation works were constructed for use in connection with
the operation of the Williston unit, and in connection with
the operation of the Buford-Trenton unit. These improvements
are available in connection with the present proposed develop-



ment of these projects. Districts are being formed in con-
nection with the proposed operation of these projects. Com-
pletion of the englneering work together with the extension
of irrigation works make it possible for advancing this project
for early construction.

Surveys have been made by the Reclametion service for
the Nesson Valley Project south of Ray, No,:th Dakota. Surveys
and mapping of the Ray Quadrangle have been made by the USCS.
The Nesson Valley project is within the boundaries of this
quadrangle. Surveys, studies and re ports have been made for
the Bismark project by the Reclamation Service. Further
studios of the project have been made by A. Lincoln Fellows.
The findings of these studi es by Dr. Fellows were sat forth in
a report made by him in l934. Less extensive surveys and
studies have been made by federal agencies, of the following
proposed projects along the Missouri River in the state:
the Fort Berthold Flats Project; the Independence Project;
the Ft. Stenvenson Flats Project; 	 the Pointed Woods Project,
end the Square Butte Creek Project. Other potential irrigation
possibilities have been listed, the total number of propcsed
irrigation projects on the bottom lands of the Missouri River
in the state being about 40. Studies have been directed to some
of the projects by the North Dakota Rehabilitation Corporation,
The State Planning Board, and the State Engineer's Office with
a view to the development of some of these projects for the
purpose of establishing subsistence hem-steeds, resettlement
of form families required to move from submarginal purchase
projects of the federal government, supplementing of dry
farming operations end stock raising in the territory tribu-
tary to the Missouri River bottoms, and providing feud for
stock for drouth stricken areas of the state during dry years.
The North Dakota Rehabilitation Corporation has made an ex-
tensive study of R. proposed irrigation project at Williston,
North Dakota with a view to its establishment as a subsistence
homestead project. A report on this project his been made to
the North Dakota. Rehabilitation Corporation by Prof. Wm. Budge
of the University of North Dakota s and will be available in
making further stuedes of the project. The State Planning
Board and the State Engineer's office have made some study
with respect to proposed projects nt Hensler, Fort Rice and
Livonn with a vier to supplementing dry farming operations in
the vicinity of these proposed projects. It is proposed that
farmers with well established farm homes on the uplands would
purchase p tract of irrigable land on the Missouri River bottoms
from which they would supplement their supply of feed for dtock
by irrigation of these bottom lands.



USE	 The primary use of irrigated land-1,1 3-,boatassouri River
Basin would be for the growing of feed crops to insure a supply

IRR!GABLE	 for the livestock of the Basin during drought years. This would
LA .D	 eliminate the necessity for shipping in expensive feeds during

drought years for the maintenance of foundation herds. If the
proposed Bismarck Irrigation Project is realized it is expeater
that a sugar plant will be placed in Bismarck. This will re-
sult in the profitable raising of sugar beets on irrigated land
in those areas having convenient transportation facilities to
Bismarck.	 Irrigable land on the Yellowstone Irrigation project,
in Montana and North Dakota, is used for raising sugar beets
which are shipped to the sugar plant at Sidney, Montana. It is
expected that additional irrigated land in the vicinity of Wil-
liston would be used similarily. It is probable that some truck
farming on irrigable land would also develop, particularly in
the vicinity of Bismarck and Williston.

EXISTING	 There are a total of 185 reservoirs in the Basin. These
RESER.r0IRS	 impound a maximum of approximately 70,532 acre feet of water.

Most of these reservoirs are for recreational purposes. Others
serve local stock watering needs and those built by the U. S.
Bureau of Biological Survey as well as sevlral others are prim-
arily useful as waterfowl refuges. These reservoirs are listed
in Table A. and are shown on Plato II.

PROPOSED	 It is proposed:
PROGRAM	 1. That pumping projects for irrigating the first bench

of the Missouri River bottom lands be investigated immediately
and that they be undertaken at the earliest possible date.

2. That irrigation projects on tributary streams be investi-
gated and undertaken where practicable. These projects are of
three general typos. First of these is pumping from the Missouri
River for the lower portion of the tributary stream valley.
The second in importance is irrigation by means of stream res-
ervoirs both by gravity flow and by pumping. The third method
is purely local in character and involves spring flooding by
means of channel dams built for the purpose. This method is
generally rrferrea to as flood irrigation. Irrigation and
similar projects are listed in Table D and are shown on
Plate II.

3. That water supply and sewage disposal improvements
be provided where needed in the Basin. Proposed improvements
ih water supply Are listed in Table B and proposed improvements
in sewage dispo60,1 are listed in Table C and both are shown
on Plate I.

4. That additional small reservoirs be provided for
purposes of recreation, stock watering, and waterfowl conser-
vation. These projects are also listed in Table D and are
!--



shown on Plate N. All dams constructed hereafter in the
*shou7xt	 rrovided with outlet gates for releasing

the ..ea-r	 -,Len a greet ieed arieee for it dernetream
or then it te•omes so pelt,]ted that iG is a definite health
hazad, to the ceer, Pan:- existing dams should also
be provided with odlet gat.es,

5. That a detailed soil survey and land classification
'Do begun as soon as is possi'ele or all lands that a ,7pmar to
be irriable in order to ascertain the seitabliity of these
lands for irraton in each of the several areas. These
surveys should fener the aerial mepping of the irrigeble
regions. Thi_s mapping	 !i,Jaiton to its
utility as the bIsl.s of the prolosea soil sur-v 	 and lend
classification, meh needed date ca present land use. The
cost of the acr 4.L1 mapping wouL3. ar.reroxuette CO per	 .
The cost of ti_Lri ntaile6 scil survey 	 land claeefi.czl,tion
would be an addl i on 5t per acre. Thus, to -properly prcaoter-
mine the areas suited to irrigation weuld en e I I tho exp•?ndi-
ture: of 10r, per acre for 300,030, aeres of arrk:ole land in
the Missouri River basin, or approximately $30,000.

RURAL	 A large number of small reservoirs have boon proposed for
7AT2R	 the Basin by various agencies, Those that would. serve purposes
517PLY	 of recreation, irrigation, and waterfowl refuges have been in-

cluded in the proposed program. It is proposed that before
any more snail dams for stock watering purposes be constructed
in the Basin, a. detailed survey cf rural rater feueply be under-
taken to determine the test and most economical method of sec-
uring adequate and satisfactory water:upplies for stock wnter-
ing purposes. Cre ere an adequate ground water supply is avail-
able it is prcbable that this would be through the construction
of community ells. In other localities not having a reliable
ground watersup-ely the construction of surface reservoirs would
be the onLy alternative. Following such a survey it is proposed
that assistance be given in develwoing an adequate rural rater
supply.

STREAM	 Proposed weather observation stations are listed in
GAGING	 Table E and these together with present facilities for stream
\AND	 gaging and weather recording are shorn on Plate ITI, It is
WEATHER	 strongly urged that adequate facilities le established and
OBSERVATION	 maintained for the recording of stream flow and weather data
FACILITIES	 for use in future planning,
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NORTH DAKOTA

STATE PUNNING BOARD

SUYMARY EEPORTS

OF

A PELT OF WATER CONSERVATION

FOR

NORTH DAKOTA

Volume I Lef ter of Transmittal
Foceword
Red River of -5,^le North Drainage Basin

Volume 2 James River Drrinage Basin

Volume 3 Souris River–Devils Lrke Drainage Bas inn

Volume	 Main Stem Missouri River Basin

Volume 5 Slope Area Drainage Basins

4r

BUY ADAXOTA MAID" FLOUR
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