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CHAPTER 1

SOURIS RIVER SUB BASIN



CHAPTER I

SOURIS RIVER SUB-BASIN

GENERAL	 The Souris River, sometimes called the Mouse River, rises in

southeastern Saskatchewan. It flows in a southea4terly direction
across the International Boundary into North Dakota and continues
through Minot and on to Velva. Here the general direction of flow
is changed to the northeast until the river reaches Towner, where
it curves to the northwest. It continues in this direction until
it crosses into Manitoba, Canada. In entering and leaving North
Dakota the river encircles an area known as the Mouse River Loop,
which comprises in general, an area of untimbered rolling prairie,
much of it having poorly defined drainage. At the point where the
main stream reaches North Dakota its theoretical drainage area is
8,170 square miles of which 6,930 square milct . are•in Saekatchewan,

30 in Montana and 1,210 in North Dakota. Ten miles upstream from
Minot the Mouse receives the waters of the Des Lacs River, which
heads at the International Boundary and has a total drainage area
of about 1,510 square miles. When the Souris River leaves the
United States and enters Manitoba 6 it has encircled about 2,600
square miles of the.Mouse River Loop. Land outside the loop that
is drained by it brings the total drainage area, before the river
reaches Canada, to 16,400 square miles, of which 8,804 square miles
(or more than one eighth the area of the entire State) is in North
Dakota.

INDUSTRIES Agriculture is the chief enterprise of the Mouse River Sub-
basin. However, some lignite coal mining is carried on along the
Des Lacs River.

POPULATION	 According to the 1930 census the total population of the Souris
River Sub-basin in North Dakota was 94,439 persons. There were about
15 towns in the area having a population of 500 persons or over and
included in this group are: Bottineau, 1322; Bowbells, 695; Colum-
bus, 516; Crosby, 1,271; Drake, 644; Kenmare, 1,494; Minot, 16,099;
Mohal1,676; Portal, 512; Rugby, 1,512; Towner, 6=2; Velva, 872;
Westhooe, 521; Willow City, 577; and Berthold, 511.

FEDERAL AID	 During the month of peak load, March 1935, 38,077 persons or
40.3 percent of the population were receiving federal aid. This
compares with the peak state average of 31.6 percent. During the
peak month of W.P.A. employment 1,768 persons were employed on work

projects in or near cities and villages4 and 7,274 persons were em-

ployed on rural projects o making a total of 9,042 Persons employed
in October, 1936.

TOPOGRAPHY	 Above Minot the Souris River Valley is comparatively straight



SLOPE OF
THE RIVER

DRAINAGE

,TRIBUTARIES

and of a fairly constant width of about one-half mile, with sides
rising shar0- 100 feet or more to broad level benches. From Minot.
to Verendrye the valley has the same general characteristics but is,
wider in places, and the benches are somewhat lower and more brokIn.
Below Verendrye the bench on the north side diminishes to a low ridge)
and the lands toward Bantry and Upham tend to merge with the valley.
Through the valley the Souris River winds in a tortuous channel
averaging somewhat less than 100 feet wide and 15 to 25 feet deep.
The total channel length is about twice .that of the valley proper.
The channel capacity is sufficient only for small floods. As a.
result there is occasional general inundation, sometimes causing
considerable damage to Minot and other towns in the valley and to
the valley in 'general.

The fall is very small for a stream having an average flow of
less than 200 cubic feet per second. From the international boundary
to Minot, 64 miles down the valley, the fall is from Plevation 1605
to i435, only one foot per mile of valley or less than a half foot
per mile of channel. The next 52 miles down the valley to Townerr
where the river level is about elevation 1446, has a foot and two-
thirds fall per mile of valley. The remaining 57 miles to the inter-
national boundary has less than forty feet of fall, so that the en-
tire fall in the 170 miles of valley length (about 360 channel miles)
in North Dakota is slightly less than 200 feet. Except at flood
stage, a peak reched et only a very small fraction of the time, the
water flowing in the channel is only a few feet or a few inches deep.

A strip east of the river and only a few miles in width i extend-
ing from the international boundary to Minot and Velva, drains west-
ward to the upper portion of the river. The remainder of the "Mouse
River Loop" slopes eastward so as to drain into the lower section of
the river. The land in this area is fairly smooth and even. The
eastern and north eastern two-thirds of the "Loop" is at an elevation
of less than 15C0. All of the eastern part of the "Loop" . and the
strip east of the river, previously mentioned, up to an elevation
considerably above 1500 was included in Lake Souris when the outlet
of the river was closed by the polar glacier. The water from the
melting ice then flowed southward by several different successive
routes. The drainage was probably over the divide into the upper
James River, then into the upper Sheyenne River, and finally through
Devils Lake and Stump Lake into the Sheyenne Itivert afterwhich the
northern ice barrier was removed and the drainage again to the north.

The principal tributaries above Minot are the Des Lacs River,
entering the Souris River about 7 miles above Minot, near Burlington;
Moose Mountain Creek, which receives run-off from the Moose Mountains
in Canada; and Long Creek. The latter two enter the Mouse River in
Canada. The most important tributary in North Dakota is the Des Lacs
River which rises just north of the international boundary line in



RUN-OFF

Canada, entering North Dakota about 12 miles west of where the Mouse
enters the State. It flows in a general southerly direction about
37 miles through a system of narrow lakes, occupying Prvtically the
entire valley of approximately one-half mile in width./ From the Des
Lacs Lakes it flows in a southeasterly direction some 35 miles to its
junction with the Souris River. This valley resembles the Souris
River Valley in its general characteristics, but the stream appears
to be considerably smaller and the channel not nearly as wide.
There are three lakes in the Des Lacs Lakes system mentioned above.
These all lie at practically the same elevation. (The upper one is
approximately 28 miles in length, the second, that at the town of
Kenmare, about 3 miles, and the lower one, near : Baden, about 5 miles
in length.) The normal area of the Upper Des Lacs Lake is 6.7 sqvare
miles; of Middle Des Lacs Lake, one square mile; and of Tower Des
Lacs Lake it is 0.4 of a square mile. The total area is thus 8.1
square miles. These surface areas have been increased considerably
by the construction of the various unite of the U. S. Biological
Survey Des Lacs Lakes Migratory Taterfowl Refuge so that the total
area with all units full would exceed 10 square miles. The three
are separated by short channels running though marshy lands. The
north end of Upper Des Lacs Lake in Canada is considerably higher
than the Souris River, probably at least 100 feet which lies three
miles to the North. The tributary area of the Des Lacs Lakes is
insufficient to feed any very large lake as it is only about 530
square miles. The average annual run-off from this area would not,
on the most generous estimate, be enough to supply the evaporation
from more than 20 square miles of total lake surface and more likely
not more than 10 square miles. Therefore, the run-off from these
lakes is usually very small. The lakes are all at an .elevation
about 1780 above mean sea level.

The precipitation is almost completely consumed by evaporation
and transpiration, so that in the greater portion of the area the
small intermittent channels carry the water only to hollows, sloughs
or temporary lakelets, where, except in unusually wet years, it
evaporates entirely and no run-off therefrom reaches the main stream.

STREAM FLOW	 The Souris River lrainage being typically glaciated, practically
all of the run-off reaching the streams comes from melting snow in
the spring months of April and May. In years of plentiful snowfall
the effect of the spring break-up is carried over into Juneybut dur-
ing the'remainder of the year little or no flow occurs. Summer rains
seldom increase the river appreciablyi, and there is no record of a

:MINOT FLOODS flood stage occurring due to a rain after the spring melting has oc-
curred. Flood stage has been considered by all investigations as
being 2,500 feet at Minot. The theoretical drainage area at Minot
is 10,270 square miles and the maximum flood (1904) was 12,000
cubic feet per second. A flow of over 3,000 cubic feet per second
has occurred in Minot during 6 years. The average flow is only 158



cubic feet per second) and in fifteen different years since 1903
the flow has remained below 10 cubic feet persecond for at least
a month of the open season, besides frequently dropping below this
in winter months.

CHANNEL	 The channel in different sections has a carrying capacity of
rAPACITY	 approximately 3,000 cubic feet per second. When the flow is great-

er,water spreads, the depth varying from a few inches to a few
feet, over the valley bottoms to a width of a quarter mile or more
and remains there until the flood period is over. These flat bot-
tom lands make excellent hay meadows. When they have been covered
by spring flooding, and the water drains off within a few weeks,
the residents are assured of two heavy cuttings of excellent hay
during the season. The hay crop in a normal year is sufficient
not only to care for the stock of a large area during the winter,
but also to Provide feed for them during a record dry summer.

FLOOD	 In view of the fLct that there are fertile bottoms along the
IRRIGATION river, there are, between Velva, Towner, and Upham, about a half

dozen good locations for flood irrigation projects. A flood irri-
gation project consists of an earth retaining wall or dam, a few
feet high and a quarter mile to a mile in length, which is built
across the valley bottoms at a suitable narrow place, and a dam
perhaps 15 or 20 feet high and 100 feet long built across the
river channel in open frame form, se that it can be quickly
closed with stop logs. The dam is left entirely open until the
flood weeks have pas-ed, and then (unless it was a flood spring
with stage high enough to flood the meadows already) the dam is
closed for a week or two thus raising the water so as to flood
the bottom lands as desired for the entire width of the valley
and for a length of 5 to 10 miles. The stop logs are then re-
moved and the rater allowed to drain off the land. Through
legislative appropriation and the cooperation of the U. S.
Geological Survey in making topographic surveys, tentative sites
for these dams mere located and three projects have been design-
ed. These three projects are:

1. Eaton Flood Irrigation Project, 8000 acres;
2. Hardy Flood Irrigation Project, 8000 acres;
3. Lee Flood Irrigation Project,	 6000 acres.

The water may be relayed from one flood irrigation dam to the
next if the spring flow is not great enough to overflow the first
dam and fill the lower dam.

Another practicable project, as surveyed by the office of the
State Engineer (see biennial report, 1924-26, of North Dakota State
Engineer). is the Buffalo Lodge Lake diversion and storage plan.
This could take about 200 cubic feet per second when as much as
that were available, from the Souris River near Verendrye, where
natural low water level is about 1471, with a lift of about 25



feet by a dam, If the Missouri River Diversion Project were in-
stalled, a portion of its flow could easily be brought down the
side of the Souris Valley to an elevation of at least 50 feet
above the river level and taken across the river channel with a
flume or inverted siphon without need for the cost of a dam in
the Mouse River or the causing of any flowage damages. By means
of a small gravity canal the water would be carried from the
north bank of the river channel about 15 miles north to Buffalo
Lodge Lake of which the approximate elevation is 1476. This is
a natural lake having a normal water surface of 2.4 square miles.
An adjoining lake (North Lodge Lake) has an area of 0.7 square
miles. Together the total area is approximately 3 square miles.

If raised by a dam to elevation 1485 the possible storage in
these lakes would be 29,000 acre feet, and if raised to elevation
1488 a total storage of 55,000 acre feet would be possible al-
though this would increase the total surface area to about 12
square miles and hence bring larger evaporation loses. The
first part of the stored water, however, would increase the
natural lake area so little as to involve no noticeable addition-
al evaporation losses.

Thus a small canal could bring a small flow (from the Souris
River or from the Missouri River Diversion) continuously, or
through the major portion of such years as it could be spared.
The water would be stored without too serious evaporation or
seepage losses until the dry season or even until a following
dry year or years. It could then be released when needed, in
large quantities for short periods of time and diverted for the
benefit of any selected portions of the lands north and north-
east, toward and beyond Upham. The topography is well adapted
for this. The total area that is adapted to irrigation in this
area, if sufficient water were available, is at least 30,000
acres.

MISSOURI	 In the event the Missouri River Diversion Project is in-
RIVER DI-	 stalled for the primary benefit of the Sheyenne River Valley,
VERSION

	

	 James River Valley, and Devils Lake Area, a short branch canal
could be built with a very small additional cost, to bring a
portion of the diverted water to the side slope of the Souris
River Valley west of Balfour or southeast of Velva. This would
be at elevation 1600 or slightly more, depending upon the pre-
cise form of the Missouri River Diversion Project finally adopt-
ed. Due to the fact that during half the years there is defici-
ency in water supply and during a quarter of the years there is
a great deficiency for either agriculture or stock feeding, two-
thirds of the Mouse "Loop", much of the area east of Towner, and
the Lower International Boundary Region would be greatly bene-
fited.



Although the Souris is an international stream, the project
would intreduce no international complications as it could easily
be operated so as not to make the slightest increase in the flow
of the Souris River except at times of medium low stage. At all
such times the Canadians would be in need of the increased flow.

FLOOD CONTROL	 For the purpose of flood storage and complete release during
kfl RIVER	 dry seasons one or more large reservoirs, large enol,gh to hold
PaGULATION 100,000 acre feet or more, have been suggested. Topogra phy is

best adapted for such reservoirs at points in North Dakota above
Minot. However, such a reservoir would conflict with the Biolo-
gical Survey Migratory Waterfowl Reservoirs now being installed.
Furthermore, the part time flowage would ruin thousands of acres
of the best bottom lands in the valley so it is doubtful whether
the benefits justify the cost if approximately the same results
can be obtained by other projects. However, there are several
good locations above the international boundary in Saskatchewan
that are well adapted for this purpose. The Canadians are
desirous of having the projects adopted and would pay a major
portion of the cost. They would operate them almost as exactly
for our benefit as if they were in North Dakota. The reservoirs
would be used for detaining flood waters and releasing a small
steady flow thereafter, If by any cooperative arrangement these
projects can finally be installed at some time in the future it
would be very desirable and they ought to be included in the
rater plan.

FLOODS The location of Minot and Velva on the river bottom lands
causes them to suffer great lases when the river is at the highest
flood levels. They would be greatly benefited by any plan for
reducing flood heights, such as the building of lerge flc . od de-
tention reservoirs. Other projects such as small channel re-
servoirs may re lode the heights of miner floods but cannot ap-
preciably help curing larger floods. Levees along the river
banks at each town are of some use and in former

;;
...seet leavi b3en built

along some short eestiens of the river in Minot. These assist
in preventing minor floods from escaping the river channel end
flooding the streets and beeements. At Minot, and similarly at
Velva,even with eentinuous levees to give two feet additional
channel depth, the channel capacity in present location and form
would be only about 2C)00 cubic feet per second; hence it could
not carry the larger fleeds such as can be expected at about
five-year intervals. If overstepped at all, the levees would then
not be of the slightest use but rather would be a nuisance and
injurious. Thus it is seen that this method cannot be relied
upon for general relief.

CHANNEL	 At Minot, by cutting across channel loops at several points
IMPROVEMENT in the lower part of tae city and for some miles below, with cross



cuts --)erhars 15 foot deep, 80 feet wide, and 100 te 600 felt long,
the channel would be shortened and given greater slope. Hence,
at comparatively small cost, heights of ordinary floods could be
reduced one to several feet and the heights of extreme floods

aunearly a foot, wihtt the slightest damage to residents below.
For these residents the flood crest-height would not be increased
at all but would merely reach them a few hours earlier,

A more extensive project for the same lurpose plans to eYca-
vote a relief c' annel, throngh most of the City of Minot and for
eight miles below, paralleling the present channel and of equal
or larger cross sectional -rea. This channel would be nearly
straight and. therefore scarcely more than one-third as long as the
Dr-sent crooked n-tural channel. This would almost completely
eliminate serious loses even from floods .Treater than those yet
experienced but would cost about $1,200,000. The project is de-
scribed in detail by a s pecial report of the State Engineer, R. F.
Kennedy.

CHANNEL	 A very necessary provision in future plans is that through
OBSTRUCTION Minot and for twenty miles below, care must be taken to prevent

the channel and its margins from being artifically obstructed in
any apTreciable degree by bridge, buildings or earth work fills
along the banks. The Projects mentioned above are solely for the
relief of Minot so that the initiative in nutting into effect any
of them should come from the people of Minot. However, these
plans can properly be mentioned in the general water plan as they
do no harm to anyone above or below Minot.

RECR7ATION There is a great need for the develo pment of recreational areas
and suitable wo.ter facilities in this Sub-basin. Renville County,
for example, has reported only four places suitable for swimming,
and at times during the year the water in the river is so low that
these cannot be used. Buffalo Lodge Lake in McHenry County could
be developed into a desirable recreation s pot if the water flow was
controlled. McHenry County now reports only 4 swimming places,
and the water in these is often so low as to render the pools un-
fit for such purposes, Bottineau County has a series of small
l•kes and streams which require a means of controlling the flow
of wate r to . make them useable for recreational purposes. The
water in most of them is at present too low for either swimming
or boating. Rolette County reports only two places suitable for
swimming although there are many small lakes that only need to
have the flow of spring flood waters controlled in order to make
them suitable for recreational purposes:

CONS ERVATION	 The Turtle Mountain Region is the outstanding recreational
OF THE TURTLEarea in North Dakota. There are a number of fine lakes in the
ILOUNTAIN	 -Lrea but during recent years the water level in these has dropped
LAKES	 considerably. Lake Metigoshe and Lake Upsilon, the two most im-

,.-



portent lakes, ere in great need of additional water to properly
serve recreational needs.

In the "Fifteenth Biennial Report of the State Engineer" Mr.
R. E. Kennedy oretlines a me :uhod for improving the lakes of the
Turle Mountains. This includes a drainage ditch from Rost Lake
to Lake Metigoshe to r store the letter. Rost Lake would not be
destroyed ',eat would merely be lowered. The outlet to this ditch
would have a contrel gate so that during wet years edditional
water could be stored in Rost Lake to be used to maintain the
level and desired freshness in Lele Metigoshe during drought
years. A reservoir downstream from the outlet of Lake Meti-
goshe would store any overflow ther-from and would serve as a
waterfowl refuge. Lake Upsilon would be restored by creating
a. reservoir on Wakopa Creek which would serve to divert the
creek run-off to Lave Upsilon partly by gravity flow and partly
by pupating. Pumping from a small reservoir on Wakopa Creak
into Lake Upsilon hes been carried on vary successfully and at
low cost, The present reservoir is not of sufficient size, how-
ever, for fully rostering Lake Upsilon. Other proposed develop-
ments include the add5aeg cf 5 square miles of drainage area to
that tributary to Carpenter Lake by constructing a. ditch 6800
feet long and estimated to cost $7,000 arid by joining Jervis
and Long Lnkes by means of a cenal estimeted to cost $2500.
This would lower the water level in ',crag Lake 2i!-; feet and would
ra!mJarvis Lake one foot. The benefits would be one large lake
of about 340 acres, 8 miles shore line, end with four miles of
boat travel. The average depth would be about 12 feet.

The projects far the improvement of Lake Metigoohe and Lake
Upsilon can be undertaken immediately,but before any of the addi-
tional projects are undertaken a detailed hydrological survey end
study of the probable availelle water for the various lakes should
be undertoken. Future programs of construction should be planned
according to the findings of this survey.

U.S.	 The U. S. Bureau of Biological Survey has three large water-
BIOLOGICAL fowl refuges in the Souris liver Basin_. Two of these are on the
SURVEY

	

	 Souris River1 aid the otricr is P development of the Des Lacs ',ekes.
The series of reservoirs comprising the Des Lees Lakes project have
r water surfcce o± 6,300 acres an''. store 15600 ac re feet of water.
The Lower Souris project, on the Scuris River from Upham down-
stream to the international boundary, includes a series of small
dams creating marsh and lake areas having a total water surface
of 30,000 acres and a storage cep-city of 60,000 acre feet. The
Upper Souris ?reject is located on the Souris River northwest of
Minot in Ward and Denville counties and has- a water surface of
16,500 acres and. a storage capacity of 114,000 acre feet. Of the
total storage, 11 2 ,000 acre feet is Created by a ?.?•m et the Ward-
Renville county line.



The Des Lacs and the lower Souris Project are of use primar-
ily for waerfoill refuges although the recreational facilities are
greatly incre • .sed, particularly in the Des Lacs Le'Kes. The Upper
Souris project ho77ever, will have great flood control and river
regulating benefits. Indeed, the large reservoir provides approx-
imate4 one-half the necessary flood control end river regulating
storage necessary to provide the greatest "menefit to the valley

Tiets feature is incidental to the regalation of the flow
by the 3io7ee;ical Survey to mlintain a constant level of 'eater
in the marshes of both the Upper Souris and Lower Souris projects.

THE REHABIL-	 The North Dakota Rehabilitation Corporation has constructed
ITLTION COR- a dam at Burlington on the Des Lens River which imnmienas 520 acre
POPATION	 feet of water, 250 acre feet of which are used for irriEating the
PROJECT	 Burlington subsistence hcmestead project by gravity flow. A

number of small plots of land have been equip/Jed with buildings
and have been sold to families which use the areas for intens i ve
farming to suppler ent their winter work in nearby ligaite mines.
In spite of a very damaging hailstorm during the current summer
this project has proved very successful during this, its firE;t
year of operation.

.EXISTING	 There are approximately 165 small dams in the Basin. These
SMALL DAMS were built by various agencies. Their total storage capacity is

approximately 11,000 acre feet. These small reservoirs provide
recreational facilities for many localities. They also provide
stock watering facilities and assist in maintaining waterfowl
nesting areas in the reE:ion. These are listed in Table A and are
shown on Plate II.

THE WAreER	 In years past there have been frequent damaging floods along
PROBLEM	 the Souris River particularly at Minot and Velva. These floods

occur during spring break•ups and have cansed considerable damage
at times. Dani gg summer months the flow in the Souris River is
ver low often becoming less than 2 cubic feet per second for a
period of from one to two months. As a result sewage discharged
into the stream is not sufficiently diluted. The large U. S.
Biological .11.rvey reeervoir at present maintains a flow through
Minot during summer months and this greatly alleviates the pol-
lution problem. Sti?an regulation durin; winter months is also
needed, however. There is also a need for irrigation projects,
improvements in sewage disposal and water suprly, and some add-
itional small dams for recreational purposes.

THE WATER	 For flood protection and river regulation it is proposed:
PLAN

	

	 1. That a survey and study be undertaken immediately to
work out an agreement with the Saskatchewan government whereby,
in return for the payment of part of the cost of three large
power reservoirs on the headwaters of the Souris River, as
proposed by them, these reservoirs would be operated to onr ad-



vantage as flood control and river regulating reservoirs.
Estimated cost of this survey and study is $10,000, These
reservoirs together with the already constructed Biological
Survey reservoir on the So..iric River, '7hich has a capacity of
112,000 acre feet, would give ample flood Protection and stream
flow realation. These reservoirs will provide a storage capa-

city of 125,490 acre feet at an estimated cost to the United
States of $125,000.

2. That a plan for straightening and improving the Souris
River Channel in Minot be surveyed and designed. The cost of
the survey is estimated at $5,000.

3. That the channel straightening and improvement in
Minot be undertaken.and completed at an estimated cost of
$250,000.

For irrigation it is proposed:
1. That a dam be built on the Des Lacs River and another in

Larsen's Coulee above the Burlington Rural Rehabilitation Corpor-
ation project to rrovede reserve storage capacity for irrigation
of this project. Cat is estimated at $50,000 with 320 acre feet
of storage.

2. That numerous individual irrigation systems be installed
in the sand hill area of the "Mouse River Loop" using shallow
wells for sup ply. Such wells will irrigate 10 to 20 ..teres per
farm and on this land the farmer may g:ow hay and feed during
drought years. An estimate for irrigation for 100 to 200 farms

is $100,000.

3. That an additional flood irrigation dam be constructed
in the Souris River in the vicinity of Towner to insure winter
feed during dlought years.

4. That a hydrclogical study of tlea Souris River be made
to determine -ghat additional irrigation projects could be supplied

with sufficient w-eter after pres ent and proposed uses as listed
above are provided for.

5. That a detailed sail survey and lend classification be
begun as seon as is possible on all lands that appear to be ir-
rigable in order t ascertain the suitability of the lands for
irrigation in each of the several areas. These surveys should.
follow the neral manpirg of the irrigable regions. Th:,s mapping

. will provide, in addition to its utility as the basis of the
proposed soil Stlf-Arr. 	 much res e.eecf, data on
present land use, 	 he cost of the aerial mapping would approximate
5 0 per acre. The co • t of the detailed soil survey and land



classification would be an additional 50 per acre.

6. That irrigation projects found feasible in the light of
the two surveys listed above be constructed.

All towns needing improvements in their rater supply and
sewage disposal systems should be given assistance in develop-
ing adequate facilities, Pro posed Improvements are listed in

Table B and C and are shown on Plate I.

It is proposed that additional small dams having a total
storage of approximately 15,000 acre feet and costing $250,000
be built in the Basin to provide recreational facilities.

It is further proposed:
1. That projects for the restoration of the Turtle Mount-

ain Lakes.as outlined by Mr. R. E. Kennedy, be constructed.

2. That a number of additional small dams be installed
where needed for recreational and 'ether purposes. All dams
constructed hereafter in the Sub-basin should be provided with
outlet gates for releasing the water stored when a great need
arises for it downstream or when it becomes so polluted that it
is a definite health hazard to the community. Many existing
dams should also be prov ided elth outlet gates. The small dams,
including the Turtle Mountains development, are listed in Table
D and are shown on Plate II.

RURAL	 A large number of small reservoirs have been proposed for
WATER	 the Sub-basin by various agencies. Those that would serve pur-
SUPPLY	 poses of recreation, irrigation, and waterfowl refuges have been

included in the proposed program, It is proposed that before
any more small dams for stock watering purposes be constructed
in the Sub-basin, a detailed survey of rural eater supply be
undertaken to i;etermine the best and most economical method of
securing adequate and satisfactory water supplies for stock
watering purposes. '."There an adequate ground rater sup ply is
available it is probable that this would be through the con-
struction of community wells. In other localities not having
a reliable ground water sunnly the construction of surface re-
servoirs would be the only alternative. Following such a survey
it is proposed that assistance be given in developing an adequate
rural water supply.

STREAM	 Active weather recording and stream gaging stations are
GAGING AND shown on Plate III. No additional stations of either type are
WEATHER	 included in the proposed program.but it is strongly urged that
OBSERVATIONS all existing stations be maintained.
STATIONS
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CHAPTER II

DEVILS LAKE SUB-BASIN

Devils Lake occupies, in part, the very irregular depression
immediately to the enuth of the city of Devils Lake and along
the south edge of Ramsey County. The tributary drainage area
is located in the midst of the Drift Prairie of North Dakota,
a region transitional between the Prairies of the Hidrest and
the Great Plains, and includes most of Ramsey County, a large
Part of Towner County, and smaller parts of Rolette, Benson,
Nelson and Cavalier Counties. The area draining to Devils Lake,
most of rhich is north of the lake, is 3406 square miles end
that to Stump Lake is 410 square miles. This is considered as
one basin in this report.

There is no marked surface drainage in the Sub-basin but
such as there is is southrard to Devils Lake. The slight slope,
the irregularity of the surface, and the porous character of the

drift causes most of the raters rhich reach Devils Lake from its
interior drainage basin to reach it by underground seepage, the
waters moving slo' ly down the slope from the north, through the
sandy portions of the drift an - over the impervious floor of
the blue-grey shale beneath.

The total population of the Basin according to the 1930 cen-
sus ,.'as 41,323 persons of rhich 26,681 resided in rural areas
and 14,642 resided in incorporated cities or villages. There
were but four toms in the area rith a ponulation in excess of
500 in 1930. Devils Lr.ke had 5,451; Cando had 1,164; Leeds had
725; and Bisbee had 531.

The number of persons receiving relief in the Sub-basin dur-
ing the peak month, March 1935, was 10,044 or 243 per cent of
those residing therein. This compares rith a state average for
the same month of 31.6 per cent. During the peak month of W. P. A.
employment 631 persons mere employed on work projects in or near
cities and villages end 1743 persons were employed on rural pro-
jects, making a. total of 2374 persons employed in October, 1936.

The problem of rater for human consumption in the Devils
Leke Sub-basin is not acute. Because of the nature of the ter-
rain a larger part of the moisture which falls on the area is
absorbed by the soil than in other localities. As a result the
sub-surface sources of rater are good. Farms and mall towns
readily obtain their water supplies by tapping ground reservoirs
in gravel pockets or in sand veins in the Pierre Shale at a depth
of 60 to 400 feet. Although the latter source is ample for mod-
erate demands it rill not furnish a sufficient source for a city
such as Devils Lake as far as present information indicates.
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Devils Lake has a. water problem in that its present supply from
an artesian well is very salty. A more satisfactory source is
sought. Several small towns notoably Minnevaukan, have a rater
supply of unsatisfactory quality. In the case of Minnewaukaa
this is due to its proximity to the old lake bed whore waters
absorb much alkali before seeping to the vain from which the town
receives its supply.

There are no drainage problems or Projects as such in the
Sub-basin altho ligh some individual land orners have installed
ditches to Provide drainage for small tracts of marshy hay lands.
The many small lakes serve as a p tural detention reservoirs re-
tarding the spring run-off and thus preventing floods along the
streams and coulees of the area. A large part of the rim-off
reaching those lakes does so during the on e or two months of spring
break-up. There are no streams in the Sub-basin serving P. suffi-
cient drainage area or having storage possibilities sufficient
to make regulated stream flow feasible.

OLOGICAL	 The U. S. Bureau of Biological Survey is at present engaged
in the restoration of several lakes and marsh areas in the Sub-
basin for use as migratory -atorfowl refuges. The largest and
most important of these developments is that on Lake Alice, just
northeast of Churchs Ferry, which rill have a ca r ter surface of
3,462 acres. Another project is that of improving Pleasant Lake
in the northeast corner of Benson County b:v. the construction of
A darn et the outlet. The water surface will be 490 acres. A
third project is that of restoring Billings Lake, a few miles
south of Lome, to a r: ter surface of 130 acres. The development
in each ease is a anm at the outlet of the lake that 	 increase
the storage of spring run-off in the lake.

The Devils Lake Sub-basin with its many lakes and marshes
probably produces more migratory waterfowl than any other area
of equal sire in the state. The Biological Survey projects under
construction rill materially help to maintain and perhaps in-
crease this production. Another project that should be undertaken
is the construction of a spillway under the bridge on the road
which crosses Prosey Slough on the section line along the north
side of section 27-156-61. This apillway would raise the level
part of the slough about two feet. The road would be used as the
dam. It has been proposed that a dam be built et the outlet to
the slough but the tributary drainage .area is too small to support
the entire slough. However, it would probably support the portion
above the proposed spill-ay very well. The cost of such construc-
tion would be materially less than A dam at the outlet.

'ArILS LAKE	 Devils Lake was formerly one of North Dakota's most beauti-
ful lakes. In 1867 it had an area of 142 square miles and was
nearly 40 feet deep ... Sines that time it has steadil:-, although



irregularily, declined in area and depth until et present it covers
an area of Perhaps 30 square miles to a depth of from a few inches
to a maximum of perhaps 7 feet. Theru have been many contributary
factors to this decline of Devils Lake but the largest single
factor, perhaps, is the plowing up of thr native sod and the grow-
ing of cultivated crops thus retarding run-off and increasing
evaporation from the ground surface and the transpiration from
plant life.

Devils Lake at one time supported abundant fish life but the
water has become such that only a few fish live in it. These are
unfit for human food, Other lakes in the area arc too shallow
to support fish life.

Creel Bay extending north fro-, the main body of Devils Lake
in Sections 7 and 18-153-54 and into section 13-153-35 formerly
ras used for swimming and boating. In 1934 the water in this bay
was condemned for swimming; purposes and the cottages and the
Lakewood Chatauqua grounds along the east shore of the bay in
section 18 have become practically worthless. People in Devils
Lake propose to construct a dam along the south line of section
13 and another in the north end of section 7 so as to enclose a
portion of this bay and fill this either by pumping from the main
body of Devils Lake or from an artesian well put down for the
purpose, rhile this project would be desirable to restore the
value of the adjacent property and also to provide recreational
facilities for the people of DevilE ‘ Lake the cost of such a pro-
ject would probably be much greater then the benefits derived.
Other objections are than an artesian yell would not give suffi-
cient flow to maintain the evaporation or if water were pumped
from Devils Lake it would probably not be acce pted by the health
department. However, before a definite conclusion is reached a
more detailed study should be undertaken.

REATION	 There are a number of recreational areas in the Devils Lake
Sub-basin. Some of these are quite well developed at the present
titicbut others should have some work done on them to best serve
the surrounding areas. Devils Lake is constructing a swimming
pool at the camp grounds south of the city. There is camping
and recreational facilities, along the lake in Trp. 154-64. There
is some swimming in Sweetwater Lake several miles north of Devils
Lake but some work should be done to develop the possibilities.
There is a natural park and camping place at the torn of Pleasant
',Eke. Here there is a fresh rrter lake and flossing springs.
This lake is being raised by the U. S. Biological Survey. Wood
Lake, in township 151-64 supports a summer resort with cottages,
stores, and a pavilion. There are many trees around this lake.
The re is good swimming and camping at a small lake near Sullys
Hill Park in township 152-64. Leeds has a municipal swimming
pool which is filled b7 an artesian well. There is swimming in
the reservoir a few miles north of Minnewaukan during part 0.f



each year. A dam was constructed across Rock Lake in section
28-162-65. 	 F. E. R. A. and the Biological Survey. This darn
divides Rock Lake and causes the south portion of the lake to
raise and overflow to the south rather than to the north. This
is an excellent recreational spot. A dam in Boulder Creek sev-
eral miles west of Crocus in section 17 or 18-160-66 would create
a fine reservoir for recreational use of the surrounding ere a.
Another dam in a creek in section 13-158-69 would also produce
an excellent recreational snot. Silver Lake was formerly an
excellent recreational center but has been dry the past 7 years.
The flood waters of a nearby coulee could be diverted into the
lake by constructing a dam in section 2-154-67. A part of Stump
Lake could ale- he improved for recreational purposes making an
excellent spot for camping and s•imming.

VERSION	 T e restoration of the recreational value of Devils Lake
DEVILS	 can only be realized through some method of bringing in rater

from outside the drainage area to reftore the lake and support
evaporation therefroe. The flow in the Sheyenne River or the
Souris River is so small that probabl:r onl enough rater could
bedtverted to maintain evaporation from the present lake surface.
The only available source of a large quantity of water for the
restoration of the lace is the Missouri River. Several methods
of diverting -later to Devils La'_' fro- the Missouri River have
been proposed.*

There is no possibility of replenishment of Devils Lake from
natural precipitation in the Sub-basin. This is already completely
used by evaporation from shallow lakes and earth's surface and
by transpiration from plants. Small canals or ditches could be
dug to drain some of the small lakes and swamps in the area and
Carr- their rater to Devils Lake. This . oula result in only a
very small increase in the level of Devils Lake. It would be de-
trimental to local needs in that it would destroy local 1W-es
now used for recreational and other purposes and would also prob-
ably lower the ground rater somewhat in these localities. Indeed
the opposite proceedure seems to be desirable. Several small
dams should he built to create reservoirs for local needs. This
additional storage outside of Devils Lake in the Sub-basin would
tend to decrease the inflow to Devils Lake.

* 1. 308 Report on James River in North & South Dakota.
2. "Report on Missouri River Dam and Diversion Project in

North and South Dakota" by Burns and McDonnell Engineer-
ing Co.

3. "Report on Missouri River Diversion in North Dakota" by
R. E. Kennedy, North Dakota State Engineer.



VGGESTED	 Five different methods for replenishing Devils Lake have
4THODS OF been suggested. These are: 1. Diversion from the Souris River;
aLENISH- 2. Diversion from the Sheyenne River; 3. Pumping project uti-
NG DEVILS lizing waters from the Missouri River; 4. Diversion from the

AKE	Missouri River by means of a high dam, canals, and tunnel; and 5.
Diversion from the Missouri River at river elevation or with a
small dam by means of canals and tunnels.

MIES RIVER	 The first method, that of diversion from the Souris River
AVERSION	 at some point between Minot and Devils Lake, has been surveyed

and found feasible from an engineering standpoint. There are,
however, several objections to this project. During ordinary
years the flow in the Souris River is so small that during most
of the year none could be diverted from it. Although there are
some periods of good flow and occasional disasterous floods, these
amount to but a few months out of each 20 year period. The plan
would be ineffective for any satisfactory replenishment of Devils
Lake unless the canal, gates, and reservoirs were made so enormous
as to make the expense prohibitive for the benefits derived.

MENNE	 The second method involves the construction of a dam on the
RIVER	 Sheyenne River directly south of Devils Lake. The reservoir
DIVERSION	 would have a storage capacity of 27,000 acre feet and would cover

2,100 acres. The total drainage area would be 1,700 square miles.
The average annual run-off would be approximately 36,000 acre
feet. The maximum annual run-off would be 90,000 acre feet, and
the minimum annual run-off would be about 2,000 acre feet. The
present net evaporation from Devils Lake is approximately 24,000
acre feet per year. If the entire flow of the Sheyenne River at
this point were diverted to Devils Lake it would merely serve to
raise the lake level a fe y, inches and would not materially increase
its value. Moreover, a large pumping plant would have to be opera-
ted continuously with an average lift of approximately 50 feet.

There would probably be serious objections, made by people
living downstream, to the diversion of any water from the Sheyenne
River. The Sheyenne River has a very small flow through at least
five-sixths of each year, less than 20 cubic feet per second, and
only a few cubic feet per second during at least half the year.
The river flow would be diminished by the filling of the reservoir
during the few reeks of flood flow in each year. During this time
the inhabitants in the valley below would not need the water and
would perhaps prefer a reduction in the flow. However, if the Bald-
hill Reservoir is constructed this flood flow will be needed to
fill it and insure stream flow regulation for the rest of the year.

The objections to diversion from the Sheyenne River are that
no real benefit would be derived, the operating as well as the



initial cost would be excessive, and the water available in the
SheyenneRiver is needed for stream regu7ating purposes to be ac-
complished by the proposed Baldhill Reservoir.

DIVERSION	 The third proposed plan 	 fcr a huge pumping plant at
FROM MIS-	 the nearest point of the Missouri River, about 110 miles away,
SOURI RIVER to pump 7ator across the continental divide into Devils Lake to
BY PUMPING	 refill it and supply the in:treased evaporation. The lift over

the intervening rid7e would be approximately 400 feet. In addi-
tion to the orik;inal cost, estimated at $54,000,000 this plan
would involve additional costs for operation of the pumping plat
exceeding ' .:F. 00,00:1:innually, Unless some form of Eravity flow is
emnic!TIA ;:ii rrersien from	 Ylssouri R:Iver 7ould not be feJ,,sible
from an oconcmie

DIVERSION	 A fourth plan includes the building of an earth 	 atm ap-
FIKNId1S-	 proximately 1E0 feet hi,7,h on the Missouri River near Garrison.
SOURI RIVER This would back the -ater up Garrison Creek as far ac it was ec-
BY TETTE DLM	 oncnicpa to drer-uze a c.7. 72a1. 7rom this ipcint a tunnel about 20

miles in lencth wot,ld carry th n we'„er t ,-Lrou,:;h the continental
divide and would ever ;e on the eastern side of this ridge at a
height that would allow the r',ter to flow readily into the head
vaters of the Sheyenne, River -nd also, through comparatively
simple canals of not very great depth or a few short tunnels,
into Devils Lake, into the Jams River, and into the Souris River
if desired. This pro. ; ect is fully described in the printed re-
port to the Eissouri River Diversion Association of Devils Lake,
North Dakota, submitted. by Burns and McDonnell Engineering Com-
pany in 133.

The lake formed by the arm in the Missouri River Valley would
extend upstream about	 te 7'.11ston ai d it would be sev-
eral miles wide alDng miich of its length. The total .:-;ter sur-
face would be rbo't ,J20 :.ounre milos	 the storage capacity
would be approxinately 10:00,W, acre feet. This reservoir would
provide a means for regulating the flow and lessening the flood
damages of the river below.

Because of its regulating features this reservoir would not
be kept at a uniform elevation but the head at the dam would vary
from 50 to 140 feet. This would not be satisfactory for the de-
velopment of power nor could it permit the use of the lake for
navigation because the constantly changing shore line would pre-
vent, the erection of luitable piers.

The total cost of the Missouri River Diversion in this form
has been estimated at from ::;35,003,000 to $80,000,000 of which
almost 75% would be for the dai and'. power house. It has been
proposed that a power house capable of developing 40,000 horse



power placed at the dam. As noted above the variable head avail-
able would not make the development of power entirely satisfac-
tory. Some income from the sale of power would be derived but
it is questionable, even after the demand was fully developed,
whether the total income would pay the interest -n the cost of
the dam.

The lake would cover theusends of acres of the best bottom
lands on both sides of the Missouri River for half its length
in North Dakota.

The chief objection to the building of such a large dam is
the uncertain foundation conditions which are clay, shale, and
soft sandstone. The dam could be built presumrbly safe, but, if
it should ever fail, the sudden release of so enormous a body
of water would be such a stupendous disaster that it is not per-
missable to run such a risk. The U. S. Army Engineers Corps
have investigated this project and have reported unfavorably be-
cause of this consideration. This is contained in their report
"James River, North Dakota and South Dakota", House Document No.
83, 73rd Congress, 1st session.

ORIGINAL	 The fifth plan is that orinally suggested at least a dozen
1SSOURI	 years ago for the diversion of rater from the Missouri River.
RIVER	 This method is free from the dangers and objections outlined for
'VERSION	 that above and could be constructed for one third or at most one
PLAN half the cost of the high dam project. This plan seems entirely

feasible althoug;t the initial cost would be very great, probably
$30,000,000.

This project is primarily for the benefit of the Sheyenne
and James River Valleys. Great benefits would also be derived
by the Souris River Valley and also by the towns on both sides
of the Red River from Fargo-Moorhead north. The refilling of
Devils Lake is but a mall part of the total benefit that rould
be derived from the project.

If this plan --e-re adopted rater rould be diverted from the
Missouri River at a point found to be most practicable, probably
in the vicinity of Garrison, North Dakota. A series of canals
and tunnels would carry it northeastward then eastward and south-
eastward onto the shoulders of the Souris, the Sheyenne, and the
James River valleys. A part of tnis rater would be diverted from
the Sheyenne River to Devils Lake by gravity flow and would raise
the level of the lake and provide for the increased evaporation
frog the larger area.

The direct straight-line - istance from the Missouri River
bend south of Garrison to Devils Lake is 110 miles but the



course the water would take rebid he nerhaps 130 to 140 miles
in length. The low water elevation of the Eiseouri River is
about 1,690 feat and the present elevation of Devils Lake is
about 1,410 feet. From this it is apparent that there is
sufficient fall even if the rater is diverted at natural river
level. In this case about 40 miles of the diversion would be
through a tunnel having a dro p of 3 feet per mile.

A modification of this plan would include a aRM of a height
of perhaps 40 feet. This w ould probably be preferable. A de-
crease of 5 miles in length of the tunnel would partly compen-
sate for the cost of the dam. The additional elevation obtain-
able at the outlet of the tunnel . ould make it easier and less
expensive to lead the latcr to the deisrcd points of use; north-
east, eazt, end southeast. Such a dam Mould be in line rith the
tentative program of the U. S. Arne Engineers calling for A series
of such dams on the Missouri River. if the tunnel had a diameter
of 18 feet, it coeld carry anproximately 1500 cubic feet per
second. If full flow were carried during one third of the year
end half flow during at least another one third of a year the
tunnel could bring mere than 500,000 Acre feet per year to the
areas of need. With its present shrunken area Devils Lake would
be raised one foot Annually with only 5% of this inflow. Even
at the level at which Devils Lake stood 50 years ago approximate-
ly 17% of this annual inflow would raise its elevation one foot.
Only 12.5% or 52,50C acre feet vould be required to provide the
net annual evaporation at this level. IL is probably not desir-
able to raise the lake c--en as high as this bccrusc of greatly
increased prer-rty dee.lage. Eour11:,/ great benefits could be de-
rived by inisint, it to a loner elevation than this, perhaps 20
feat above the present level.

Devils Lake would assist in the advantageous o peration of
the entire project. During periods when the flo- ras not needed
elsewhere and during spring floods in the streams, the entire
diverted flow could be directed into Devils Lake and rt periods
when the rater I • S needed elsewhere the floc into Devils Lake
could be stopped and the later directed thereto. The rater of
Devils Lake now contains more dissolved solids than does sea :.ter.

The diversion project rould ba particularly beneficial if
it included such short canals and tunnels as -could carry rater
from Devils Lake into Stump Lake and from Stump Lake into the
Sheyenne River. Devils Lake would then be ultimately freshened
to such an extent As to be satisfactory for a rater supply for
Devils Lake. Fish ro'.ild thrive in the lake and wild fowl would
be present in great numbers. The area -ould become a great re-
creational center for the entire state and would profit greatly
from tourist trade drawn to the area 1-v the lake.



/he U. S.. Army Engineers Corps are rt present making surveys
to detf . rmine the estimated cost of diNereion at river level and
of diversion by means of a 40 foot dam and to compare the costs
and benefits cf these with those of the 180 foot dam project with
a vier to detcermining the bast method cf diversion. Reliable
esti sates rill, therefore, soon be awilcble. For ourposes of
this report it is sufficient to estimrte the total cost at be-
treen $23,000,000 and $35,000,000 and to state that only a frac-
tion of this should be charced to th- Devils Lake Sub-basin be-
cause of the great benefits thct would be derived over a rice
territory.

Irrigation is not practiced in the Sub-basin because of the
necessitj c) a large amount of puming to make w-ter available
rher• it is needed for such purpoles. If water ,,Fore available
at hixt elevations, as it re , ld bo in the ease of Missouri River
diversion, large tracts would doubtless be irrigated.

VIGATION	 The only commercial navigation that has existed in the Sub-
basin was on Devils lake betrcrn Devisl Lake and Kinnewankan. If
the lake 7 r• restored it is doubtful if this route could be re-
opened because of the service 6iven by trucks and busses at pre-
sent. Hnvever, the lake re • d be used for P largo number and
vari e ty of pleasure craft.

="TORAGE	 Although there are a numb-r of small damp in the Sub-basin
,ACILITIES	 end a fer fresh rater lakes the major portion of th- run-off reaches

Devils Lake and other stagnant lakes whore it is spread over a
large area, in many cases only a, few inches deep, and the re-
sulting loss from evaporation is enormous. Sore method should
be provided for storage of this rater, before. it reache such
lakes, in reservoirs having a -elativelyhigh ratio of storage
capacity to renter surface. This ronld decrease the loss by evap-
oration and vould provide a number of small fresh ret:-rlakes
which would be of g; eat value for recreational purposes. The
total avrage annual run-off in thc. Sub-basin is approximately
45,000 acre feet. Present artificial reservoirs and lakes on
rhich improvom.-nts have been made have a storage cepathity of
approximately 16,000 acre feet.

RRIGATION

kr7R POTIER There are no present water porer developments within the
Sub-basin nor are there any streams suita -elc for such develop

-ment.

MAM IM-	 There is little that can be done to improve existing streams
OVEMENT	 in the Sub-basin. Charnels arc ample to carry away any excess

Te ter during high rur-off periods. As stated above there is not
a flood )roblem in the area so there is no need for improved
channels or levees, nnr is there	 need cr a possibility of
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providin- stream regulation.

MUNICIPAL	 Several towns in the Devils Lake Sub-basin notably Devils
SUPPLY	 Lake and Minnewaukan have water supply problems. The chief
PROBLEMS	 problem seems to be one of quality rather than one of quantity.

PROPOSED	 It is proposed thet locrl surveys be undert-•en at once to
IMPROVEHFSTS locrtc potable rrter suppliei for those towns nor using rater
IN MUNICIPAL of unsetisfactory nuality. It is furth-r proposed that
WATER SUPPLY such sources of rater -re located that immediate steps be token

to make them available for use. For Devils Lake it is proposed
that th= survey follo ,.7 the proposals as outlihed in Mr. Simpson's
report of June	 rn excirpt of which is listed below.
However, instead of the f'rters partici pating in the cost of such
survey this work could not. be done by relief labor.

MR. SIMPSON'S
11.11)01IMEMATION	 "Secure the permission rnd co-operation of the owners of the

shallow drift wells located near the barns of the following men-
tioned farms. Enter and clean these :•lls and sink them through
the gravel layer from whi.h they draw their supply. Stop the
cell at the drift clay or shale formation laying immediately be-
neath the gravel or sand and then make a thorough pumping test
to determine the yield of the gravel vein through a shallow open
well of this type. The following locations are reconmended:
Mr. 0. T. Thon,	 section 03; Mr. Nocitneugle, ND-i- section 14;
Mr. C. Frank, S7i section 14; Mrs. F.M. Jurgens, NEI. section 22.
These all lie between on.: and two miles to the north of the city
of Devils Lake.

Because of the value to the o , ners in the cleaning, improving
and strengthening of thest. 	 arrangements should be made
which 1-ill divide the cost of all the work u pon the wells, ex-
cept the . )umink:; tosts, share -,.nd share alike betre-n the others
and the city. A c preful record of the depth of the gravel vein,
the thickness of the vein, togeth r with samples of the gravels
for each foot penetrated should be kept, also accurate records
of the punning tests should be made, including the time of the
test and the tine necessary for the recovery of the head follow-
ing the test.

Since the result rf these tests 1-1.11 throw much li ght on
the possibility of securing an rderluate supply from the gravels,
I think it advisable to do the ,:ork upon those wells as soon as
possible end before any expense is incurred in test drilling."

In the body of Mr. Simpson's report he strtas that the Pierre
Shale as a 7hole slopes to the south towards Devils Lrke. In
view of this, it is proposed that a study be made contemplating



a collection Gallery to be placed at right angles to tho line
of drainae;e in the gravel strata restin on the Pierre Shale.
Should this not supply enough rater, apipe line corld be placed
from Sweetwater Lake to transport rater to this collection gal-
lery. The e7: ter would be released in the gravel above the col-
lection gallery and the gravel beds would thus be utilised as
a filter.

As the city of Minnowaukan his a serious \!,,s ter problem in
that its present supply is very alkaline, it is proposed that
a survey crew prospect the gravel strata to the rest of the town
to see rhether or net a satisfactory rater nupply can be develop-
ed at this source.

If Devils fake rare refilled by the diversion of water from
the Missouri River the rater in the lake Lould be satisfactory
for municipal use when treated. 1Jo yils Lake would not need to
search farther for s satisfactory vatcr supply. The municipal
rater supply probleas and the proposed projects for their solu-
tion is given in Table P.

LLUTION	 A few terns along streams in the Sub-basin de not have sew-
F STREAY.S	 age disposal plants or sy-tems. Others already have systems but

need improved treatment plants to reduce the pollution of the
streams. The re is much pollution of the a aters in the Sub-basin
due to weed growth aral the stagnation in marcher and coulees.
Little can be done to relieve this situation.

ROPOSED	 It is proposed that sew: ge systems and treatment plants be
IMPROVE:7NT installed in towns along stream; and creeks in the Sub-basin -here
10 SEWAGE	 it is feasible to do so and to aodernize existing treatment plants.
YETEMS	 Sewage problems And ,he proposed solutions are given in Table C.

ISTING	 A total of 18 dams have been constricted within the Sub-basin.
SERVOIRS	 Scme of these are merely small channel dams creating reservoirs

in creek and coulee beds while others serve to refill old lake
beds or raise the level of existing lakes. In all a reservoir
capacity of approximately 1?,000 acre feet has been created at
v. cost of $70,800. A list of exieting dams is given in Table A.
Sev,ral of these reservoirs are used for migratory waterfowl re-
fuges, many are used for recreation, and all serve rater conser-
vation purposes by k-eping the VT.ter out of dry or shallow lakes
where it rould be ouick17 lost by evaporation. In addition to
those under conitru tion it is propcsed that several additional
reservoirs be c..,-eated.

It is proposed that a dike be placed in the inlet to the
lake whin lies in section 20-153-63 and anoth r in the inlet
to the lake which lies in section 28, 29, 32, and 33.155-63 and

mrs TO
.ISE THE

L OF
SWEETWATER
LAKE



thus exclude the rater from these lakes nnd divert it to Sweet-
water Leke proper. The locations of there dikes rould be in the
SFI of section 20-155-63 and in the 	 of section 29-155-63
respectively. The combined tater surfrce of these lr.kes is
17,990 acres and that of Sweetrater Lake is 51,100 acres. At
present th e re is a net annual evaporation from the surface of
the tro smaller lakes of 22,700 acre feet during an average
year and 34,900 rem feet during y are of mtninum precinitation.
This amount of rater diverted to Sweetwater Lalre would raise
its level 5 inches during; an average yrar and 8 inches during
a dry year over the lvel it rould maintain rithout such addi-
tional supply. This would continue to raise Sweetwater Lake
until it reached an elevation of approximately 1,458 or several
feet higher than its present elevation. It would reach this el-
evation without appreciably increasing in -rea but beyond that
it rould overflor into several other lake beds and the evapor-
ation rould again be increased to such an extent as to take
care of all inflor.

OXPLANATION	 One proposed dram is in the drainage area of Sreetwater Laker PROPOSED and three are in that of Lake Alice. Hor'evcr,	 farever, as these are
SITES	 up in the drainage areas and ns their rater surface is very small

the effedt on the lakes could be negligible. There is also a
definite need for reservoirs at the points rhere these are pro-
posed. It is proposed that these reservoirs be made as small
r.s is c e nsistant with the recreational use to Ynich they nre to
be Put. The Posey Slough project, although it is in the Sweet-
mter Lrke drainage area, -ill not affect tee fatter becruse the
project calls for using a present road grade across the slough
as a dam and installing a spillway under a bridge, thus increas-
ing the r:-ter level in the upper portion rbeut tro feet at the
expense of the lower part. In this ray a smaller marsh would be
maintai ned a greater share of the time, The remaining proposals
are ptimarily for 7at..:r conservation_. The object of these is to
maintain the rater in relatively deep reservoirs having a small
area exposed to evaporation rather thrn allot it to run into the
dry bed of Devils Lake. At 7.renent it s preads over the lake bed
in a thin sheet and is quickly lost by evaporation. These
reservoirs rould be located at convenient distances from small
torns rnd would doubtless he used for recreation rhea the water
was of s a tisfactory qaality. The pro posed program of dams and
dikes is given in Table D.

RM-OFF The averrge annual run-off for the Devils Lake Sub-basin
is estimated to be 0.22 of an inch. Dean E. F. Chandler of the
Universit • of North Dakota makes this estimate by considering
the similarity of the topography with th • t ofthe Souris River
Sub-basin. This value vas checked by notin?; the decline in Devils
Lake which shoes an excess of evaporation over run-off. The



assumed net annual evaporation minus the annual decline in lake
level equals the run-off to the lake. This was found to check
the estimated value of 0.22 of an inch very closely. The mini-
mum annual run-off was estimated in a similar manner.

RUN-OFF	 Hydrological calculations were carried out to determine the
EVAPORATION' behavior of the various proposed and existing reservoirs during

STUDIES

	

	 dry to average years. The average annual precipitation for the
Sub-basin was 16.50 inches and the average of the str.tion riini-
mums was 8.35 inches. Although the year of minimum precipi-
tation 7M1.6 not identical for all stations this figure -as used
in the computations. As determined in experiments by Dean
Chandler, evaporation does not materially vary from wet to dry
years. This is explained by the fact that the percentage of
sunshine, the relative humidity, and :And velocities and dir-
ections are practically the sane during a year of minimum pre-
cipitation as they arc in all other years. The average yearly
evaporation from rater surface as determined by Chandler was
31.63 inches.. Therefore, the annual net evaporation for an
average year was 15.13 inches and that for r year of minimum
precipitation ms 23.28 inches. These represent values of 1.26
and 1.94 acre feet per acre of rater surface respectively. The
run-off figures of -.22 inches and 0.02 inches represent run-
offs of 11.7 and 1,07 acre feet per square mile per year re-
spectively. From the above it was det-rmined that the run-off
from one square mile of drainage -euld support evaporation from
9.2 acres of water surface during an av:rage year and that from
0.55 acres during a year of minimum precipitation and run-off.

RURAL	 A large number of small reservoirs have been proposed for
WATER	 the Sub-basin by various agencies. Those that would serve pur-
SUPPLY	 poses of recreation, irrigation, and waterfowl refuges have boon

included in the proposed program. It is proposed that before
any more small dans for stock -atering purposes be constructed
in the Sub-basin, a detailed survey of rural -::ester supply be
undertaken to det ermine the best and most economical method of
securing adecluate and satisfactory rater supplies for stock water-
ing purposes. Tavre an adeouate ground rater supply is available
it is probable that this would be through the construction of
community wells. In other localities not Navin a reliable ground
rater supply the construction of surface reservoirs would be the
only alternative. FolloLing such a survey it is proposed that
aEsistance be given in developing an adequate rural ;pater supply.

LAKE GAGING	 Active weather recording stations in the Sub-basin are shown
AND WEATHER on Plate III.. A lake gage is located, near Devils Lake and rend-
OBSERVATION ings have been taken at irregular intervals for many years.. No
STATIONS	 additional facilities arc proposed but it is strongly urged that

all existing stations be maintained.
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BUY 'DAKOTA MAID FLOUR

NO2TH D.;$XOTA

Mika" PLMING 30.1RD

TIA ;?..Y TIEPORTS

OF

A PLAT OF WA:ER.COEZERVATION

POR

NORTH DAKOW.

Volume I Lotter of Transmittal
-Tor,.7ard

of 4,:e North Draiyio Basin

Volume 2 James Rivor DrainaEe Basin

Volume 3 SOVriS River–Devils Lake Drainn.,ze Basins

Volume 4 Main Stem Missouri River Basin

Volume 5 Slope Area Drcanage DcLcins
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