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CHAPTER I

SOURIS RIVER SUB-BASIN

The Souris River, sometimes called the Mouse River, rises in
southeastern Saskatchewan. It flows in a southeasterly direction
across the International Boundary into North Dakcta 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 continunes 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 mile$ are -in’ Sockabchewan,
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 1,5.0 square miles., When the Souris River leaves the
United States 2nd enters Manitoda,it has encircled about 2,600
square miles of the Mouse River Loop. ILand outside the loop that
is drained by it brings the total drainagc area, bofore the river
reaches Canada, to 16,400 sguare miles, of which 8,804 =square miles
(or more than onc eighth the arca of the entire State) is in North
Dakota.

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

According to the 1930 census the total population of the Souris
River Sub-basin in North Dakota was 94,439 vperscns. There were about
15 towns in the area having a povulation of 500 persons or over and
included in this grour are: Bottineau, 1322; Bowbells, 695; Colum-
bus, 516; Crosby, 1,271; Drake, 644; Kenmare, 1,494; Minot, 16,099;
Mohall,676; Portal, 512; Rugby, 1,512; Towner, 622; Velva, 872;
Westhove, 521; Willow City, 577; and Berthold, 511.

During the month of peak lord, March 1935, 38,077 persons or
40.3 percent of the povulation were receiving federal aid. This
compares with the peak state average of 31.6 percent. During the
vpeak month of W.P.A. employment 1,768 persons were employed on work
projects in or near cities and villages,and 7,274 persons were em-
ployed on rural projects,making a total of 9,042 9ersons employed
in October, 1936.

Above Minot the Souris River Valley is comparatively straight
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and of a fairly constant width of about one-half mile, with sides
rising sharpl& 100 feet or more to broad level benches, From Minoy
to Verendrye the valley has the same general characteristics but is
wider in places, and the benches are somewhat lower and mors oiokﬁn,
Below Verendrye the bench on the north side diminishes to a low ridge,
and the lands toward Bantry and Upham tend to mcrge with the valley.
Through the valley the Souris River winds in a tortuous channel
averaging comewhat 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
considcrable 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 Mingt, 64 miles down “the valley, the fall is from ~levation 1605
to 4535 only one foot pcr mile of valley or less than a half foot
per mile of channel. The next 52 miles down thc valley to Towner,
where the river level is about slevation 1446, has a foot and two—
thirds fall ver 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 riles of valley length (about 360 channel miles)
in North Dakota is slightly less than 200 feet. Txcept at flood
stage, & peak rerched ot only a very small fraction of the time, the
water flowing in the chanrel is only a few feet or a few inches deep.

A strip east of the river and only a few miles in width,extend-
ing from the international bYoundary to Minot and Velva, drains west-
vard to the upper portion of the river. The remainder of the "Mouse
River Loop" slopes eastward so m~s to drain intn the lower section of
the river, The land in this areca 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 ecast of the river, previously menticned, up to an elevation
consideradly above 1500 was included in Lake Souris when the outlet
of the river was closed by the nolar 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 fiver, after which the
northern ice barrier was removed and the drainage again to the north.

The vrincipal 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
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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 practically the
entire valley of approximately one-half mile in width. f 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 sequare
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 Lsnkes Migratory ¥aterfowl 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 lards. 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 genergus 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, Therefcre, 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.

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 enowfall
the effect of the spring break-up is carried over into June,but dur-
ing the remainder of the year little or no flow occurs, Sunmer rains
seldom increase the river appreciably and there is no record of a
flood stage occurring due to a rain after the coring melting has oc-
curred, TFlood stage has been considered by all investigations as
being 2,500 feet at #inot. 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 feel per second
has occurred in Minot during 6 years. The average flow is only 158




cubic feet per secondyand in fifteen different years since 1903
the flow has remained below 10 cubic feet persecond for at least

a month of the open ssason, besides frequently &rovplig below this
in winter months,.

TCHANNEL The channel in different sections has a carrying capacity of
CAPACITY approximately 3,000 cubic feet ner 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 tha flood period is over. These flat bot-
tom lands make excellent hay meadows. When they have been covered
by soring flooding, and the water drains off within a few weeks,
the residents are assured of two heavy cuttings of exczllent hay
during the season. The hay crop in a normal year is sufficient
not only to care for the stock of a large arca during the winter,
but also to vrovide feed for them during a record dry summcr,

FLOOD In view of the f:.ct 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 lards 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 tne water 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 were located and three projecis have been design-
ed., These three projects are:

1. Eaton Flood Irrigation Project, 8000 acres:
v ! 2. Hardy Flood Irrigation Project, 8000 acres;
3. Lee Flood Irrigation Project, €000 acres.

The water may te 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 ver second when as mucn as
that were available, from the Souris River near Verendrye, where
natural low water level is about 1471, with a 1ift of about 25
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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 apnroximate 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 possidle al-
though this would increase the total surface area to about 12
square miles and hence bring larger evaporation losres. 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 Kissouri 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 adepted to irrigation in this
area, if sufficient water were available, is at least 30,000
acres,

In the event the Missouri River Diversion Project is in-
stalled for the primary benefit of the Sheyenne River Valley,
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 guarter of the years there is
a great deficiency for cither agriculture or stock fecding, 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 intruduce 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 nurpose of flood storage and complete release during

55D RIVER dry seasons one or more large reservoirs, large enongh to hold

SZGULATION 100,000 acre feet or more, have bYeen suggested. Topogranhy is '
best adapted for such rcservoirs at points in North Dakota above
Minot. However, such a reserveir wculd confiict with the Biolo-
gical Survey Migratory Waterfowl Reservoiis now being installed,
Farthermore, the vart time flowage would ruin thousands of acres
of the best bonttom iands in the valley so it is doubtful whether
the benefits justify the cost if annroximately the same results
can be obtained by other projects. Hovever, there are several
good locations above the international boundary in Saskatchewan
that are well adapted for this murpose. The Canadians are
desirous of having the projects adopted and would pay a major
wortion 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 smail
steady flow thereafter. If by any cooperative arrangement these
projects can finally be instnalled at some time in the future it
would be very desirable and they ought to be included in the
water onlan,

FLOODS The location of Minot and Velva on the river bottom lands
causes them to suffer grent lases when the river is at the highest
flocd levels. They vould be graatly benefited by any plan for
reducing flood heights, such as the building of l-rge fleod de-
tention reservoirs, Other projeccts such ns small channel re-
servoirs may reduwce the heights of miner floods Yat cannot ap-
preciadly help during larger flocds., Levecs along the river
banks at orch town are of some use and in former Zzzve haos tzen built
along some shori sections of the river in Minot. These assist
in preventing minor filoods from escaping the river charnel =nd
flooding the streets arnd beeements. A% Minot, and similarly at
Velva, cven with continucas levees to give two feet aiditional
channel depth, the charrel capacity in present location and form
would be only about 2000 cubic feet per second: hence it could
not carry thne larger flodds such as can be expected at abeut
five-year intervels. If overstopp=d at all, the levees would then
not be of the slightest use but rather would be a nuvisance 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 voints
lMEBQXEEEEE in the lower part of tae city and for some miles below, with cross
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cuts =merhnps 15 feet Aecep, 80 Tect wide, rnd 100 to 600 fe2t 1long,
the channel would be shortened and given greater slope. Hence,
at commeratively small cost, heights of ordinary floods could be
reduced one to several fzet end the heights of extreme floods
nearly a foot, wihtout the slightest damage to residents below.
For these residents the Tlood cresti-height would not be increased
at all but would merely reach them a few hours earlier,

A more extensive project for the same wurpose. mlans to exca-
vete a relief channel, through most of the City of ¥inot and for
eight miles below, parslleling the nrescent channel and of egual
or larger cross sectional ~rea. This chonnel would be nearly
straight ani therefore scercely more than one-third as long as the
pr-sent crooked n-tural channel. This would almost completely
eliminete sarious los<as even from floods greater than those yet
experienced but would cost about $1,200,000. Tha projzct is de-
scribed ir detail by o special report ol the State Enginaz2r, R. F. .
Kennedy.

A va2ry necessery provision in future nlens is that through
Minot and for twvanty miles below, care musi be takan to prevent
the chennel ¢nd its mergins from being nrtifically obstructed in
cny annreciable degrze by bridge, buildings or earth work fills
along the banks. The nrojects mentioncd sbove are sclely for the
relief of HMinot so that tha initiative in wutting into effect any
of them chould come from the people of Minot. However, these
plins can nronerly be menticned in the general water plan as they
do no harm to enyone sbove or below Minot,.

There is a great need for the develomment of recrestional arzas

and suitsble wnter facilities in this Sub-baesin. Renville County,
for examnle, 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. fralo Lodge Lakze in McHenry County could
be daveloped intoa desirable recresrtion snot if tha water flow was
controlled. ifcHenry County now reports only 4 swimming places,
and the water in thece is often so low as to render the pools un-
fit for such purposes: XBottineau County has a series of small
lr-kes and stresms which require a means of controlling thes flow

of water to.make them useable for recrerticnal purposes. The
water in most of them is at present too low for either swimming
or boating. Rolette County reports only two plnces suitable for
swimning 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 nurposes:

CONSERVATION The Turtle Hountain Region is ths oitstanding recreational
OF THY TIRTLZarea in North Daiota. There are a number of fine lekes in the

rea but during recent years the water level in these has dronped
considersbly. Lake Ketigoshe ond Leke Uwmsilon, the two most im-
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portant lakos, ure in grest need of additional waler to properly
serve recreational needs.,

In the "Fifteenth Biennial Report of the State Engineer! Mr.

R. F. Kernnedy ontlines a method for improving the lakes of the
Tarile Kountains. This includes a drainage ditcn from Rost Lake
to Lake Metigoshe to ¥ store the letter., XRost Lake would not te
destroyed b1t would merely be lowered. The outlet to this ditch
would heve a conircl gats so that during wet vears sdditiomnal
waber could be stored in Rost Laks to be used to maintain the
level end desired freshness in Lake Metigoshe during drought
years. A reservoir downstrzam from the outlet of Lake Meti-

oshe won1id store any overilow ther-from and would serve as a
waterfowl rsziuge. Lake Upsilon would be restored bv creating

8. resarvoir on Waitopa Creek which would serve to divert the
creek run-off to Loke Upsilon partly bty gravity flow snd partly
by pumring. Pumping from a small reservoir on Wakopa Creek

into Take Uvpsilion hes becn carried on vary successfully and at
low cost. The present reservoir is not of cufficient size, how-
evar, for fully restoring Lake Upsilon. Other proposcd develop—
ments include the addigg cf & sguare miles of drainage arsa to
that tributary to Carpenter Lale hy Ponsuructing . ditch 5800

fzet long and estimeted to cost $7 000 and by 01n¢ng Jrrvis

end Long Lokes by means of a conal estimsted to cost $2500.

This would lower the water level in Leng Lake 2% feet and would
raie Jarvis Laike one foot. The benefits wouzld be one large laoke
of about 340 acres, 8 miles shnre line, nnd with four miles of
boat travel. The overage depth would bn about 12 feet.

The projects fur the improvement of Leke Metigoshe and Leke
Upsilon cun be undcrtaken immedintely,but before any of the addi-
tional projacts are underteoken a detailed hydrolegical survey and
study of the probable available watcr for the varicus lakes should
be undertexsn. Fubure programs of construction should be planned
eccording to the findings of this surveye.

The U. S. Burean of Biological Survey has three lorge water-
fowl rc?;ges in the Scuris River 3asin. Two of thase are on the
er; and the otncr is » development cf the Dos Lacs Lrkes
The series of rescrvoirs comprising tha Des L~cs Lakes project have
o water surioce of 6,300 acres an? store 15,600 ncre feet of woter.
he Lower Scuris Project, on the Scuris d~"nr from TUphom down-
streem to the int ornat:on%l bounihry, includss n series of samoall
dams cren tlhE “nruh rnd inie arens hoving a total watzsr surface
of 30,000 ac and o gtor we crpocity of 60,000 acre feet. The
Unper Souris ?roject is locrted on the Scuris River northwest of
Minot in Ward ord Penville countics rnd has a waler surface of
16,500 acr2s ~nd ~ stornge coprcity of 114,000 acre fcet. OF the
total storsge, 112,000 rcra fect is ér=atad dy o #sm 2t the Werd-
Ranville county line.
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The Tesz Lacs and the lower Souris FPrzject are of use primar-
ly for waserfnirl refuges although the recrcational facilities are
reatly increased, particularly in the Des Iacs Letes. The Upper
Souris project however, will have great flood control and river
reguleting benefits, Indeed, the large reservoir provides aprrox-—
imately one-nalf the nececzary flood control znd river regulating
steragze necessary to proviie the greatest henefit to the valley
beivw, UTniyg feature iz incidental to the regilation of the flow
b the 3iclogicer Survey to maintain a congtant level of water
in the marshes of botn the Upmer Souris and Lower Souris orojects.

m e

The North Dakota Rehabilitation Corporation has constructed
a dam at Burlington on the Des Lecs River which imiovnds 320 acre
feet of water, 250 acre feet of which are vsed for irrigatirg the
Burlinghtcn subsiztence hcmestead prolect by gravity flow. A
nuowber of smail plots of land have been equipwved with buildings
and iLave been sold to families which use tne arsac for intensive
farming to supplerent their winter worit in nearby lignite mines.
In znite of a very damaging hailstorm duvring the curreat summer
this project has proved vary successful during this, its firgg
year of opersation.

There are approximately 165 small dams in the Basin. These
were built by various agencies. Their total storage capacity is
approximately 11,000 acre feet. These small reserv

irs provide
recreational facilities for many localities, They also provide
stock watering fucilities and assist in maintaining waterfewl
nestihg areas in the region. These are listed in Table A and are
shown on Plate II,

QM

In years past there have been frequent demaging floods along
the Souris River particularly at Minot and Velva. These floods
occur during spring brazk-ups and have cavsed considerabtle damage
at times, Daring summer months the flow in the Souris River is
vey low often becoming less than 2 cubic feet per second for a
period of frum one to two months. As a result sewzage discharged
into the stream is not sufficiently diluted. The large U. S.
Biological Lucrvey reservoir at present maintains a flow through
Minot durirng summer mcnths and t:is greatly alleviates the pcl-
lution problem. Stiresan regulation durirz winter months is also
needed, however., There is also a need for irrigation projects,
improvements in sewage disposzl and water suprly, and some add-
itional small dams for recreational purposes.

For flood vprectection and river rsgulation it is »nroposed:

1, That e survey and siudy be undertaken immediately to
work out an agreseircnt with the Saskatchewan government whereby,
in return for the vpayment of part of thke cost of three large
power reservolirs on the headwaters of the Souris River, as
rroposed by thewn, these reservoirs would be opsrated to ouvr ad-




vantage as flood control nnd rﬂ"er r93¢lating reservoirs.
Estimated cost of this survey and siudv is $10,00C. These
reservoirs together with the alzeddy constructed Blological
Survey reservoir on the Souris River, -hich has a capacity of
112,000 acre feet, would give amule f'ond rrotection and stream
flow regulntion. These reservoirs will provide ¢ storage capa-
city of 125,490 acre feet at an eSu;mat.d cost to the United
States of $125,000,

2. That a plan for straightening and 1:nrov1ng the Souris
River Channel in Minot be surv .Jud and designed. The cost cf
the survey is estimated at $5,000.

Dk

%, That the channel straightening and improvement in
Minot be un®ertaxen.and completed at an estimated cost of
$250,000.

For irrigation it is proposcd:

1, That a dam be dbuil! on the Des Lacs Eiver and another in
Larsen's Coulce above the Burlinston Rural Rehabilitation Corpor-
ation project to rrov.de reserve storage capacity for irrigation
of this project. Cot is estimated at 350,000 with 320 acre feet
of storage.

2. That nvmerous individual irr i@ tion eystems be installed
“in the sand hill area of the 'Mouse Eiv Loon" using challow
wells for supniy. Such wells will irri te 10 to 20 .arcres per

farm and on this land the farmer may grow hay and feed during
drought years. An estimate for irrigasicn 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 dicaght years.

4, That a hydrclogical study of trz Souris River be made
to determine what additionol irrigntion orojects could be supplied
with sufficient wnter after present and preoposed uses as listed
above are provided for,

5. That & detailed s»il survey and land classification be
begun as soon as is vossidle on all lands that arpear to be ir-
rigable in order t~ ascertain the suitability of the lands for
irrigation in each of ithre szveral areas. These surveys should
follow the nerial manvirg nf the irrigable regions. Tinls mapring
will provide, in addition to its u+ilitv as the basis of the
oroposed soil servev aad lan’-clossiffcrticn, ruch neadad data oa
present land use, e cost of the aerial manping would approximate
5 ¢ per acre. The co't of the detailed soil scurvey and land
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classification would be an additional 5¢ ver acre.

6. Thet irrigation projects found feasible in the light of
the two surveys listed above %e constructed.

All towns needing improvements in their water supply and
sewage disposal systems should be given assistance in develop-
ing adeguate facilities, Pronosed 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-

T

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 ¢ther purposes. All dams
constructed hereafter in the Sub-basin should be provided with
outlet gates for relcasing tho 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. Mony existing
dams should also be provided with outlet gates. The small dams,
including the Turtle Mountains development, are listed in Table
D and are shown on Plate II.

A large number of small reservoirs have been proposed for
the Sub-basin by various agencies, Those that would serve pur-
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 water supvly be
undertaken to etermine the best and most economical method of
securing adeguste and satisfactory water supplies for stock
watering purposes. Where an adequatc ground water surply is
available it is probable that this would be through the con-
struction of community wells. In other localities not having
a reliable ground waisr sunnly the construction of surface re-
servoirs would be thc only alternative. Following such a survey
it is proposed that assistance be given in developing an adequate
rural water supply.

Active weather recording and stream gaging stations are
shown on Plate III. No additional stations of either type are
included in the proposed program.but it is strongly urged that

OBSERVATICNS all existing stotions be mainteined.

STATIONS
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CHAPTER II i

DEVILS LAKE SUB-BASIH

immediately to the s~uth 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 Midwest and
the Great Plains, and includes most of Ramsey County, a large
vart of Towvner County, and smaller parts of Rolette, Benson,
Nelson and Cavalier Counties. The area draining to Devils Lake,
most of vhich is north of the lake, is 3406 square miles end
that to Stump Lrke is 410 squere miles. This is considered as
one basin in this report.

'iggég Devils Lake occupies, in oart, the very irregular depression

RAL There is no marked surface drninage in the Sub-basin dut

INAGE such as thvre is is southward to Devils Lieake. The slight slope,
the irregularity of the surface, and the porous character of the
drift causes most of the raters thich reach Devils Lake from its
interior drainage basin to reach it by underground secpage, the
waters moving slovly down the slope from the north, through the
sandy portions of the drift an” over the impervious floor of
the blue-grey shele beneath,

RPULATION The total nopulation of the Basin according to tha 1930 cen-
sus vas 41,33 persons of vhich £6,681 resided in rural oreas

and 14,642 resided in incorporated cities or villages. There
vere but four to'ns in the area with 2 ponulation in excess of
500 in 1930, Devils Loke had 5,451; Cando had 1,164; Leeds had
725; and Bisbee had B31.

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 vith a state average for
the same month of 31.6 per cent, During the peak month of W, P, A,
employment 631 wmersons were employed on work projects in or near
cities and villnges and 1743 persons were cmployed on rural pro-
jects, meking o total of 2374 persons employed in October, 1936,

The problem of rater for human consumption in the Devils
Leke Sub-basin is not acute. Bocause of ths nature of the ter-
rain a larger part of the moisture which falls on the ares is
obsorbed by the soil than in other localities. As a result the
sub-surface sources of water are good. Farms and cmall towns
readily obtain their water supplies by tapning 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-
ernte demands 1% vill not furnish a sufficient source for a city
such as Devils lake as far as present information indicates.
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Devils Lekc has a vatcer problem in thet its present supply from
an ~riesian well is very salty. A more satisfactory source is
sought. Several small towas noteatly Minnewaulkan, hnve a vater
supply of unsatisfnactory gurlity. In the case of Minnewaukan
this is due to its proximity to the old lake bed vhore weters
absorb much nlknli before sceping to the vein from which the towm
receives its supply.

Thcre are no drainage orobleme or mrojccts as such in the
Sub-basin althovgh some individual 1land otmers have installed
ditches to vrovide drainnge for smnll tracts of marshy hay londs.
The many smnll lokes cerve ns nnturnl detention rescrvoirs re-
tarding the spring run-off ~nd thus preventing floods along the
streans ond coulecs of the area, A large port of the rm-off
renching these lakes docs so during the on2 or two months of spring
breek-up, There are no streams in the Sub-drsin serving a suffi-
cient drainage ocrea or having storngc possibilities sufficient
to make regulr.tcd strvam flow fencsible,

The U, S. Burcru of Biologiéal Survey is at present engaged
in the restoration of severnl lakes ~nd marsh areas in the Sub-
tosin for use as migratory “aterfowl refuges. The largest and
most important of these developments is that on Leke Alice, just
northenst of Churchs Ferry, which will have n vrter surface of
5,462 acres., Another project is thnt of improving Pleasant Lrke
in the northeast corner of Benson County by the construction of '
n drm nt the outlct. The wntcr surface vill be 490 ncres, 4
third project is thnt of restoring Billings Lrkc, a few miles
south of Lomn, to o wrter surface of 130 acres. The devclopment
in cach casc is o dem 2% the outlet of the leitc that vill increase
the stornge of spring run-off in the lake.

The Dcvils Loke Sub~bnsin with its mnny lokes nnd marshes
probnbly produces morc migr~tory waterfovl thon any oth.r area
of equnl size in the stmte. The Biologicrl Survey projects under
construction will materinlly help to maintain and perhaps in-
crease this vroduction. Another projeet thnt should be undertaken
is thc construction of a spillway under the bridge on the road
vhich crosses Prosey Slough on the section linc along the north
side of scction 27-156-61, This spillway would ranisc the level
part of the slough about two fcet, The rond would be used as the
dam., It has bcen proposcd thnt a dnm bc built nt the outlet to
the slough dbut the tributery drainage rren is too smrll to support
the entire slough., However, it would probably support the portion
above the proposed spillway very well. The cost of such construc-
tion would bec mnterinlly less than a dam ot the outlet,

Dovils Lrke was formerly one of North Dekotn's most beauti-
ful 1lnkes, In 1857 it had an ~rca of 142 sguare miles oand was
nearly 40 fcet desn. Sincz thrt time it hns sterndil::, ~nlthough




irrcgularily, declined in arcs and depth until =t present it covers
an crea of nerhans 30 sguore miles to o depth of from a few inches
to & mrxirum of perhaps 7 feet. Theru have been many contributary
factors to this declinc of Devils Lake bdbut the largest single
factor, perhaps, is the plowing uwp of tic nativc scd end the grow-
inz of cultiveticd crops thus retarding run-off and increasing
evaporation from the ground surface and the transpirntion from
plant life.

Dcvils Lekae at one time supportced abundent fish life but the
untcr hns become such that only o~ fow fish live in it. Thecce ~re
unfit for humen food., Other lakes ia the nrea nrc toc shnllow
to support fish lirfe.

Crezl Bay eoxtending north from the mnin body of Devils Loke
in Sections 7 and 18-153-54 and into scction 13-153-35 formerly
s uscd for swimming and boAting. In 1934 the water in this bay
was condcmned for swimming purpnscs ond the cottages and the
Lerkewood Chatougua grounds nlong the east shorc of the bay in
section 18 have become practicrlly worthless. Feoplc in Devils
Lake proposc to construct o dam nlong thc south linc of section
13 and anothcr in the north cnd of section 7 so as to enclose n
portion of this boy nnd fill this eithcr by pumping from the mnin
vody of Devils Loke or from An nrtecsion well put down for the
purpose. While this project would be desirnbla to restore the
velue of the ndjrcent property rnd also to provide recrecational
facilities for the people of Devils Loke the cost of such o pro-
ject would probably bo much greater thon the benefits derived.
Other objections are thon nn artesisn well would not give suffi-
cient flov to mnintain the eveporation or if water were pumped
from Devils Leke it would probably not be accepted by the health
dcpartment. Howcver, before o definite conclusion is rcached a
norc detailed study should be undertaien,

Thcre are a number of recrcational areas in the Devils Lake
Sub-basin, Some of these are guite well developed at the present
timctut others should have some work done on them to best serve
the surrounding areas. Devils Lake is constructing 2 svWimming
pool at the camm grounds south of the city. - There is camping
and recreational facilities, a2long the lake in Tvp, 154-54, There
is some swimming in Sveetwater Leke severzl miles north of Devils
Lake but some work should be done to develop the possibilities.
There is a natural parl and camning place at the tovn of Pleasant
Leke. Eere there is a frosh voter lake and flowing springs.

This lake is being raised by the U. 5. Biological Survey,  Weod
Lake, in tovnship 151-64 supports a surmmer resort vith cottages,
stores, and a pavilion,  There arc many trecs around this lake,
Thrre ic good svimming 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. Therc is svimming in
the rescrvoir a few miles north of Minnewauktan during part of

@— m—imiaeae-
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each year, A dar vas constructed across Rock Lake in section
2e-162-65, by F, E, R, A. and the Biological Survey. This danm
divides Rock Lae and causes the south portion of the lalke to
raice and overilow to the south rather than to the nortn. This
is an excellent recreational spot. A dam in Boulder Creek sev-
ernl miles west of Crocus in section 17 or 18-160-66 would create
a fine reservoir for recreationsl use of the surrounding are a.
Another dar in a creek in section 13-158-69 would also produce
an excellent recreational smot. Silver ILake was formerly an
excellent recreational centsr but has teen dry the past 7 years.
The flood waters of a nearby coulee could be diverted into the
leke by constructing a dam in section =-154-€7. A part of Stump
Lake could ale~ be improved for recrentional purposes making an
excellent spot for camping and s imming.

T e restoration of the recreationsl value of Devils Lake
can only be realized thromgh some method of bringing in vatcr
from outside the dreinage area to restore the lake and support
evaporation therefrc::. The flow in the Sheyenne River or the
Souris River is so small that prodably onl- enough vater could
bediverted to maintain evaporation from the present loke surface.
The only available source of a large quantity of water for the
restoration of the lake is the Missocuri River, Several methods
of diverting ater to Devils La%e fron the Missouri River have
been proposed.*

There is no possibility of replenishment of Devils Lake from
natural precipitation in the Sub-basin. This iec already completely
used by eveporation from shallow lekes and earth's surface and
by transpiration from plants. ©Small cannls or ditchass could be
dug to drain some of tlie small lakes and swamps in the area and
carr- their vater to Devils Lake., This ~ould result in only a
very small increasc in the level of Deviles Lake. It would be de-
trimental to local necds in that it would destroy local la'es
now used for recreational and other purposes and ™ould also prob-
ably lower the ground vatcr somevhat in these localities. Indeed
the opvosite proceedurc seems tc be desirable., Several small
dams should be built to create reservoirs for local needs. This
additional stornge outside of Jcvils Lake in the Sub-basin would
tend to decrcase the inflow to Devils Lake,

* 1, 308 Report on Jamece River 'in North & South Dekota.
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 Dakoia" by
R. E, Kennedy. North Dakota State Engineer.
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Five different methods for replenishing Devils lLake have
been suggested. These are: 1. Diversion from the Souris River;
2. Diversion from the Sheyenne River; 2. Pumping project uti-
lizing waters from the Missouri River; 4. Diversion from the
Missouri River by means of a high dam, canals, and tunnej and 5.
Diversion from the Miasouri River at river elevation or with a
small dam by means of canals and tunnels,

The first method, that of diversion from the Souris River
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
emount 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,

The second method involves the construction of a dam on the
Sheyenne River directly =outh of Devils Lake. The reservoir
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 lnke level a few inches and would not materially increase
its vnlue. Moreover, a largc pumping plant would have to be opera-
ted continususly —ith an average 1ift of approximntely 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 weeks of flood flow in each year. During this time
the inhabitants in the valley below would not need the water and
would perhans 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
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inftinl cost would be excessive, and the water available in the
SheyenneRiver is needed for strecam regu’ating purposes to be ac
complished by the prorcscd Baldkhill Reservoir,

The third preynscd zlan cnlls focr a huge punping plant at
the nearest point of the Misscuri River, about 110 miles away,
to pump wetor ncross the continentel divide into Devils Lake to
refill it and supply the inzressed eveporation, The 1lift over
the irtervening ridzs wovld be ap ,rox..“bp1y 400 Teet. In addi-
tion to the originel cost, cstimated at $54,000,000 this plen
would invoelve ndditional costs for operation of ihe numning plat

sxceeding $F00, O0Nmrualiy. Ualess some form of gravity flow is
mpicyu: dirverygion from *he Kissouri River would Aot e fersidle
from wn cconemaic shaaicoint,

A fourth p rcludes the b ing of an earth f:11 uom ap-
proxinately 150 feet hish on the 2 ouri RAiver near Garrison.
This would back t. vater up Garrison Creek o3 far as it was ec-—

EY

&|¢

oncriical to dredge a cznal, ?rom -h1s point a tunnel about 20
miles in length would cerry tan whuer through the coutinental

g@ivide and would ererge on the eastern side of this ridge at a
height that would ~llow the v~ter to flow rendily into the head
vaters of the Sheyenne River ~nd also, throvgh compnratively
sinple crnnls of not very great depth or o fer short tunnels,
into Dovils Lrke, into the Jrmes River, ~nd into the Souris River
if desircd, This project is ful 1v Gdes cr1bff i th: printed re-
port to the Kissouri River Diversion Aszocintion of Davils Lake,
North Dukota, sutmiticd by Burns and McDonnell Engineering Com-
pany in 1035,

,,.l. Hy

The lake formed by tho dam in the Hissouri River Valley would
extend upstream adout 150 wiles to Tilliston ~id it would be sev-
cral miles wide along muclh: nf its lergih, ibe totel vater sur-
foce mould be ~bou’s 220 uguore nmiles :‘i the atorage capecity
wonld be npvroxlr“aeLy 16,000,560 a fac 5. This reservoir would
provide a means for reguls tlng the ¢1ow and lessening the flood
danages of the river below

i

Becavuse of its regulating features this reservoir would not
e keot at a uniform elevation dut the head at the dam would vary
from 50 to 140 feet. This would not be satisfactory for the de-
velopment of pover nor would it nmermit the use of the lake for
navigation becanse the constantly changing shore line would pre-
vent, the erection of suitable piers.,

The total cost of the Missouri River Diversion in this form
has been estimaied at from £45,000,000 to 380,000,000 of which
almost 75% would be for the dax ané power heouse, It has been
proposed that a power houvse cspable of develcping 40,000 horse




power placed at the dam, As noted above the variable head avail-
able would not mate the development of pover entirely satisfac-
tory. Some income from the sale of mower vould be derived but

it is cuestionable, even after the demand was fully devcloped,
vhether the total income would pay the intorest ~n the cost of
the dan.,

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

The chicf cobjcction to the building of such a large dam is
the uncertain foundation conditions which are clay, shale, and
soft sandstone. The dam could ts2 tuilt presumrbly safe, but, if
it should ever fail, the sudden rclease of so cnormous 2 body
of water vould be such a stupendous disaster that it is not ver-
missable to run such & risk. The U, S. Army ZEngineers Corps
havec investigated this projcet and have reported unfavorably be-
cause of this considoraticn. This is contained in their report
"James River, North Dakotz and South Dakota", House Document No.
83, 73rd Congress, lst session.

ORIGINAL The fifth plan is that orinally suggested at lcast a dozen

FISSOURI years agn for the diversion of vater from thc Missouri River.

RIVER This method is froe from the dangers end objections outlined for

rIVERSION that above nnd could be constructed for one third or at most one

PPLAN half the cost of the high dan wnroject. This vlan seems entircly
feasible althougi. the iniiial cost would be very great, probably
$30,000,000,

This projcct is primerily for the benefit of the Sheyenne
and James River Valleys. Great benefits would also be derived
by thc Souris River Valley and also by the towns on both sides
of the Red River from Fargo-licorhecad north. The refilling of
Devils Lake is but a zmall mari of the total benafit that vould
be derived from the »roject.

If this plen wwre adoptcd vater vould be diverted from the
Missouri River at a point found to be most practicable, probadly
in the vicinity of Garrison, North Dakota., A series of canals
end tunnels would carry it northeastward then eastward and south-
eastward onto the shoulders of the Souris, the Sheyenne, and the
Jemes River velleys. A pert of tnis water would be diverted from
the Sheyenne River to Devils Lake by gravity flovw and would raise
the level of the lake and provide for the increased evaporation
from the lsrger area.

The cdirect straight-line “istance from the Missouri River
bend south of Garrison to Devils Leoke is 110 miles but the




coursc the vTatsr would teke would be verhaps 130 to 140 miles
in lengtih. The low watzar clevation of the Missouri River is
ebout 1,590 feet and the present elevation of Tevils Lake is
about 1,410 feet., From this it is anparcnt that thsre is
suffiecient fr.ll even if the water is diverted at natural river
level, In tkis case about 40 milos of the diversion would te
througl: a tunnzl having a drov of 3 fect per milec.

A modification of this plan would include a dem of a height
of perhape 40 feet. This vould probably be preferable. A de-
creasc of 5 milcs in length of tho tunnel vould partly compen-
satc for the coct of the damn. The additioaal elcvation obtain-
able at the outlct of the tunncl :ould meke it easier and lcss
expensive to lead the vatcr to the deisrcd points of use; north-
east, cact, and sonthecast. Such n dam would bc in line with the

tentative progrom of the U. S, Army Engineers calling for g scrics

of such drms on thc Missouri River, If the tunncl had a dismecter
of 18 feot, it cowld carry approximately 1500 cubic fect per
sccond, If rfull flow wore cerried during one third of the yorr
fnd half flow during at lcnst another onc third of ~ yerr the
tunnel could bring mcrc than 50C,000 acrc fuet par ycar to the
erecs of need. With its prosont shrunken arca Dovils Lake would
be raised onc foot annunlly vith only 5% of this inflow. ZEwven

at the level at vhich Devils Lake stood 50 years ago approximate-
ly 17% of this mnnunl inflow vould raise its elevation onec foot,
Only 12.5% or 32,50C acre fect vould e requircd to provide the
net annual cvaporation at this lavel. It is probably not desir-
£ble te reisc the lrke cven £s high as this becrusc of greatly
increased prop-rty driaege. Zourlly grent benofits could be de-
rived by raising it to ~ lowcr elevation than this, perhaps 20
fect above the present lcevol.

Devils Lonke would assist in the adventageous oporatioa of
the entirc oroject. During poriods whea the flo™ vas not needed
clscwhere and during spring floods in the streams, the entire
diverted ilow could be dirzcted into Devils Lnke ~nd nt periods
-vhen the vnter ves roeded elsevhore the flor into Devils Lake
could be stopped nnd the 1ater directcd thereto. The wnter of

Devils Lnlme now contains rore dissolved solids thon does sco wntor.

The cdiversion project would ba particulerly beneficinl if
it incluvded such short crnnls and tuanels as would cnrry wrier
from Devils Lake into Stump Lake and from Stumn Lake into ihe
Sheyenne Fiver, Davils Lake would then be ultimately freshened
to such an extent As to be =atisfactory for a vater supply for
Devils Lale., Fish would thrive in the lake and wild fowl would
be present irn great numbers. The area -ould become » great re-
creational center for the entire state and vould profit greatly
from tourist trads dravn to the area Ty the lake.
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The U. S.. Army Inginesrs Corvs are ¢t present moking surveys
to detrrmine the estimated cost of diversiou at river level and
of diversion by means of a 40 foo* d~m and io compare the costs
and benefits cf these with thoce of the 180 foot dam project with
a view to detrrnining thoe boest method ¢ diverssion, ERoliable
esti ntes vill, therafore, soonu be aveilable, For onrposes of
this report it is sufficieat to zstim-te the tetal cost at te-
treon $25,000,000 2nd $35,006,0C0 and to stute that only a frac-
tion of tkis should b~ charged to the Davils Leke Sub-basin dbe-
causc of the great benefits thet woula be derived over a vicde
territery.,

Irrigatioa is not practiced in the Sub-bacin becausc of the
necessity 0. a large amouant of puming to meke woier avuilable
vhure it is needed for swch purposes. If water wers available
at hich elovaticns, as i1 weall bo ia the casc of Missouri River
divcrsion, large trescis would doubtless be irrigated.

The only commercial navigation that hag existed in the Sub-
basin was on Devils IZInke beivern Devisl La%e ~nd Einuewaukan, If
the lake v re restored it is doubiful if this route would be re-
opened because of the service given by trucks and busses at pre-
sent, Hovever, thc lake vn '1ld be uscd for e lrrge numbar and
varisty of nleasuvre crafi.

Although there are a numb-r of small dame in the Sub-basin

end a fev fresh water lakes the mejor poartion of th- run-off rcaches

Devils Lake and other stugnant lalkes where it is spread over a
large arca, in mery cases only a iJew inches decp, and the re-
sulting loss {rom evnporation is cnormouc. Sore method shomld
be provided for storage of this wator, defoie it reacher such
lakes, in rescrvoirs having o relatively high ratio of storege
capacity %to wrtcr surface. This would decrease the loss Dy evep-
oration nnd vould provide A number of £.upll fresh vrisrlokes
which wo-1ld be of gieat veluc Jor reccreational purpcses. The
totel svirage annunl run-off in the Sub-bhasin is rpproximately
45,000 acre feot, Present artificial rescrveoirs and lakes on
vhich improvem-nts hrve bcen mnde have n stornge capacity of
approximntel; 16,000 rccrc fcet,

There nre no present weter pover developmeonts witkin the
Sub-bnsin nor are thore mny etreame suvitntle for such develown-
ment,

Therc is 1little *hnt crn be don2 to improve cxisting strecms
in the Sut-~basin., Chrnnels are ampl: to carry away rny cxcess
wrter during high rur-off periods. As stated above there is not
a flood nredlem in the nren so thrre is no need for improved
channecls or levecs, nnr is theorc A neced cr o possibility of

T A m e e st e Fetent e B S

P

e st




WUNICIPAL
SUPPLY
PROBLEMS

PROPOSED
THPROVELENTS
IN MUNICIPAL

MR, SIMPSON'S

FATER SUFPLY

providinz sircam regulation,

Severnl tovns in the Devils Leke Sul-bnsin notably Devils
Lrke and Minnewnuknn have woter supply nroblems. The chief
protlen scems to bec one of gquelity rnther than one of quantity.

It is propos=d that locrl surveys oc undert-ken ~t once to
locrte potrble wrier supoliee for those tovuis now using water
of msrtisfactory aunlity, It is furihrr nropused thet vhen
sucl sources of water ~re located that immecdinte steps be trken
to make *them ryvrilable for usc., For Dovils Loks it is proposcd
thnt the survey follow the proposals nas outliaed in Mr., Simpsoxn's
report of June 0, 154, sn excrrpt of which is listed below,
However, insterd of the frrmers participnting in the cost of such
survey this rork could now be done by reliel 1lnbor.

RECOMMENDATION "Secure the permission snd co—operation of the owners of the

shallow drift wells located near the barns of the following men-
tioned farms. 3Enter and clean these 1ells and sink them through
the gravel layer from vhi .h they drawv their supply. Stop the
rell at the drift cla:; or shale formation laying immediately Dbe-
neath the gravel or sund snd then maite a thorough pumping test
to determine the yield of the gravel veir through a shallow open
well of this type. The following locr.tions are rccommended:

Mr. O. T. Thon, SW= section 03; Mr. Nodtnaugle, NE+ section 14;
Mr, C. Frenk, S7 section 14; Mrs. P.M. Jurgens, NE} section 22,
These all lic betveen on> ~nd itwo miles to tho north of the city
of Devils Lake.

Because of the value to thc ovners in the cleaning, i-proving
and strengthening of these vells, arrcangoments should be made
vhich vill divide the cost of 2ll the vork uron the wells, ex-
cept tle -umping tests, share nnd sharc alike betwe~n the ovners
andl the city. A carelul record of the depth of the gravel vein,
th2 thiclmcess o the vein, togeth r with samples of the gravels
for each foot penctrated should be kopt, also accurate records
of the pumving tests should be made, including the time of the
test and *he time necessary ifor the recovery »f the nrad follow-
ing tho tuct.

Since the result ~f these tests vill throw much 1lizht on
the posesibility of securing en sdequate supply from the gravels,
I think it advisable to do tle vork upon those wells as soon as
possible ~nd before any exzponsc is incurred in test drilling,"

In the body of Mr. Simpson's rcport he strtes thet the Pierre
Shale as » vnolc slopes tc the soath towards Dovils Lrke. In
view of this, it is proposed tnat o~ siudr bo made contemplating
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a collectlion gallery to be mlaced at right angles to the line
of drainage in the gravel strata resting on the Pierre Shale,
Should this not supply enoush watar, apipe line corld be placed
from Sveetvater Lake to transport vater tc this collection gal-
lery. The w ter would be reicased in the gravel atove the col-
lection gallery and thc gravel bheds would thus be utilized as
a filter,
Az the city of Minnawaukan has a e>rious uster prodlenm in
that its present supply is very alkalinc, it is proposed that
a survey crew prospect the gravel strata to the west of the tow
to sec vheth-r or not & saticfactory reter cupnly can be develop-
ed at tris source.

If Devils “ake vore refilled by the diversion of water from
the Missouri River the water in thae lske tould be satisfactory
for municipat use vhen treatnd, Bevils Lake vould not need to
scarch farthoer for & snticfactory vater supply. The municipal
vater supply probleus and the proposcd nrojects for their solu-
tion is given in Tabl:s B,

A few tovmy along streams in the Sub-basin d» not have sew-
agz disposal plants or sy-tems. Others rlrcadr hnave systems but
need improved treatmont plants to reduce the pollution of the
strecams. Thrre is much nollution of the vaters in the Sub-basin
due to weed growth and the siagnation in marches and coulees.
Little can be done to relieve this situwation.

It is proposed thnt sewrge sy-tems and treatment plants be
installcd in towns along stream: and crecks in the Sub-basin -where

it is fearible tc do so and Yo rwodernize existing treatment plants.

Sew~ge probloms and the prowosed solutions are given in Table C.

A totnl of 18 dans hnve been constructed within the Sub-basin.

Scme of these arc merely small channel dams creating reservoirs
in creek and coulce beds vhile others scrve to refill old lako
beds or rnise the level of existing lakes, In 11 a reservoir
canncity of npproximately 17.000 acre fecet has been created at
o cost of $70,870. A list of cxiating dorms is given in Table A,
Sevi ral o:i thesc rescrvoirs are used for migrntory wnterfowl ro-
Tuges, many are used for recrea“ion, rnd ~1ll serve vnier conser-
vation purposes by kreping the rrter out of dry or shallov lrkes
vhere it would be auickly lost by cvaporation. In addition to
those undcr constra tion it is propcsed thet severel ~dditional
rescrvoirs be created.

It is proposed thnt ~ dike be plrnced in the inlet to the
lake whichh lics in gecction 20-153-63 rud nnoth.r in the inlet
to the lake which lies in section 28, 29, 32, rnd 33.155-63 ~nd

B _ .
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thus exclude the wter frem these la
water Lrke prcper. The locntions of t ece Aikes vould be in the
SEX of section 20-155-€3 rnd in thc 875 of section 29-155-53
resnectively. The combined wnter suri ‘rec of these lrkes is
17,990 ncres ~nd thnt of Swectvrter Daks is 51,100 acres. At
present thirc is o net annunl evaporation from the surface of
the tro smaller lekes of 22,700 acre feet during an avercge

ye~r ~nd 34,900 r~cre Teet during y are of minimum precinitntion.
This amount of voter diverted to Sveotwnter Lhnc would raise

its level 5 inches during on rverrge yrnr aud 8 iaches during

&nd divert it to Swecet-
o

’.:)“' m

s ip-

>
s

r. dry year over the lavel it would mnintoin without such addi-
tionmal supply. This would continue to raise Swectrmicr Lake
until it renched an elevation of anproximately 1,458 or several
feet nigher thon its present elevation. It vould rench this el-
evation vithout apnrecizbly incrensing in ~rea but beyond that

it vould overflow intn severnl other lake beds and the ovapor-
~tion vounld ~grin be increased to such nn extent as to teke

coere o all inflow.

One proocsed drm is in the drcincge ~rea of Swectunter Lnke
~nd three are in thnt of Loke Alice. Hovever, ns these are far
up in the drninrge arcas and as their vnter surface is very small
the effedt on tic lrkes 'wuld be negligidle. There is also a
definite need for rescrvoirs at the points vhere thesec are pro-
posed, It is preposed thrt these rescrvoirs bz mnde as small
~s is crnsistont with the recrenticnal use %o +hich they are to
be nut., The Posey Slough project, although it is in the Sveet-

ater Loke drainnge aren, " ill not affect tne lrtier becruse the
project crlls for using a present rond grrnde rcross the slough
as o deam ard installing o spillvay under o bridge, thus increas-
ing the vrier level in the wunper portion nbrut tvro feet at the
expernse of the lecwer nart. In this way ~ smeller mrrsh vould be
maintained a grentar shore of the time. The remnining proposanls
are primnrily for watsr conscrvatiorn., The otject of these is to
nmrintain the vrter in relntively deep reservoirs heving rosmall
rrea exposed to evanorntion rathsr thron allov it to run into the
dry bed of Dewils Lrke. At presort it snrends over the lrke bed
in n thin shect r~nd is guickly los% by evaporntion., These
reservoirs vould be located ~t convenient distonces from smnll
totns ~nd would dnuabtless te uscd for recreatioh vhen the wnter
vas of sn~iisfactory gunlity. The proocsed progrom of dnms ond
dikes is given in Table D.

The ~verrge ~nnurl run-off for the Devils Loke Sub-besin
is estirnted to be 0.22 of nn inch. Denn E, F. Chrndler of the
University of North Dakotn mekes this estimate by considering
the similnrity of the topogreaphy with thot ol the Souris River
Sub-bnsin, This vnluc wnrs checked bty noting the decline in Devils
Leke vhicn shovs an excess of evaporation over run-off. The
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assumed net annual evaporation minus the annunl declinc in loke
level equnls the run-off to the leke. This was found to check
the estirinted value of 0.22 of an inch wery closely. The mini-
mum annunl run-off vas estimnted in o similar manner.

Hydrological calculations were carried out to determine the
behavior of the various proposcd and existing reservoirs during
dry to rveragec years. Tho n~verage cnnusl precipitation for the
Sub-bnsin wrs 16.50 inches ond the average of the strtion mini-
muns was 8,35 inches, Although the yeoar of minimum precini-
toation wns not identical for all stations this figure was used
in the computctions., As dotermined in experiments by Dean
Chandler, evaporation docs not mnterially vary from wet to dry
yecrs. This is explrnined by the fact that the percentage of
sunshine, the relative humidity, and tind velocities ~nd dir-
ections are practically the same during a year of minimum pre-
civitation as tkey are in all other years. The avernge ycarly
evaporntion from water surfoce as detrrmined by Chandler vas
31,63 inches, . Therefore, the annual nct cveporation for an
average year vns 15,13 inches ond thnt for » year of minimum
precipitation was 23.28 inches. These represent valucs of 1.<6
end 1.94 acre teet per acrc of vwater surface respectively. The
run—-off figures of -.22 inches and 0.02 inches represent run-
offs of 11,7 and 1.07 acrec feet per souare mile per year re-
spcctively. From the above it vns det-rmined that the run-off
from one squarc mile of drninngc “nuld support eveporntion from
9.2 acres of uwnter surfrce during an average ycar and that from
0.55 acres during o year of minimum precipitation and run-off.

A 1lnrge number of smnll reservoirs have becn proposed for
the Sub-basin by various ngencies. Those that would serve pur-
poses of recreation, irrigation, and waterfovl refuges have beon
included in the proposed program., It is propnsed that before
eny more small dams for ctock —atering purposcs be constructed
in the Sub-basin, a detailecd survey of rurcl water supply be
wndertaken %o deteormine the best snd most economical method of
securing adcocunte nnd satisfactory vator supplies for stock wnter-
ing purposes. Vhore an adcouate ground voter supply is aveilable
it is probadle that this vould be through the construction of
cormunity wells.. In other locelitices not having a reliasble ground
vatcr supply the construction of surface reservoirs would be the
only nlterantive. Folloving such a survey it is proposed thnt
assistance be ziven in developing an rdecunte rural vnicr supply.-.

Active weathor recording stations in the Sub-basin are shown
on Plate III. A 1lrke gage is locrted near Devils Lnke and read-
ings have becn token ot irrcgular intervals for nany years. No
additionrl facilities arc promosed dbut it is strongly urged that
all cxisting stations be mnintrined..
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